Journal of Innovations in Engineering Education | Vol: 3 | Issue: 1 | March 2020

Editor-in-Chief
Dr. Surya Prasad Adhikari

Editors
Dr. Mahesh Chandra Luintel
Dr. I Dewa Gede Ary Subagia
Dr. Hamouda M. Mousa
Dr. Shyam Prasad Adhikari
Er. Dinesh Baniya Kshatri
Er. Sudan Neupane
Er. Rama Bastola

Patron
Er. Janardan Bhatta
Campus Chief

THAPATHALI CAMPUS
INSTITUTE OF ENGINEERING
TRIBHUVAN UNIVERSITY
KATHMANDU, NEPAL

Publisher

Thapathali Campus
Institute of Engineering
Tribhuvan University

Website : www.tcioe.edu.np
Mail : info@tcioe.edu.np, journal@tcioe.edu.np
Tel. : +977 – 01 -4246465, 4246307
Copyright © Thapathali Campus
Printed at:
ThePrint Cloud
Chyasal, Balkumari, Lalitpur
Tel. : 5551961 / 98512 00179
info@theprint.cloud
www.theprint.cloud

Journal of Innovations in Engineering Education | Vol: 3 | Issue: 1 | March 2020

CONTENTS

AERIAL VIEW BASED GUIDANCE SYSTEM
Abhijan Wasti, Saugat Tripathi, Sandeep Regmi, Sanjeev Yadav,
and Dinesh Baniya Kshatri

A MODEL OF CUBE-SAT

Abhishek Silwal, Abhishek Ghimire, Kapalik Khanal, and Umesh Kanta Ghimire

MITIGATION OF GHG EMISSION BY REPLACING DIESEL BUSES
WITH ELECTRIC BUSES IN KATHMANDU VALLEY
“A CASE STUDY OF SAJHA YATAYAT”
Anil Nepal

UN-PLASTICIZED POLYVINYL CHLORIDE AND ITS GROWTH
ON NEPALESE MARKET
Ankit Shrestha, Sudan Neupane, and Lekhnath Aryal

A COMPARATIVE STUDY OF WATER TURBIDITY REMOVAL
EFFICIENCY OF ANTHRACITE AND GRAVEL IN ROUGHING FILTER
Bhesh Kumar Karki and Iswar Man Amatya

REHABILITATION ISSUE OF STONE SPOUTS AS A PART OF
AN ALTERNATIVE SOURCE OF PUBLIC WATER SUPPLY SCHEME
WITHIN LALITPUR METROPOLITIAN CITY AREA
Govinda Prasad Poudel

FATIGUE IN CONTEXT OF GENDER AND CONCRETE STRUCTURE
FOR SUSTAINABLE DEVELOPMENT-A COMPARABLE THOUGHT
Indra Narayan Yadav and Kamal Bahadur Thapa

EFFICIENT ESTIMATION OF NEPALI WORD REPRESENTATIONS
IN VECTOR SPACE

Janardan Bhatta, Dipesh Shrestha, Santosh Nepal, Saurav Pandey, and Shekhar Koirala

HYDROLOGICAL AND HYDRAULIC ANALYSES OF URBAN STORM
WATER DRAINAGE SYSTEM OF MAJOR AREA OF POKHARA, NEPAL
Keshav Basnet, Krishna Chettri, Ganesh Parajuli, and Achyut Bhandari

SEISMIC VULNERABILITY ASSESSMENT OF TYPICAL
STONE MASONRY BUILDING
Kshitiz Paudel

1-13

14-20

21-28

29-41

42-49

50-53

54-70

71-77

78-91

92-106

Journal of Innovations in Engineering Education | Vol: 3 | Issue: 1 | March 2020

EFFECT OF NATURAL AND SYNTHESIZED OIL BLENDS
WITH DIESEL BY VOLUME ON LUBRICATION AND PERFORMANCE
OF INTERNAL COMBUSTION ENGINE
Laxman Palikhel, Rupesh Lal Karn, Suman Aryal, and Barsha Neupane

PERFORMANCE TESTING OF FOLDABLE ELECTRIC
POWERED WHEELCHAIR

Raj Kumar Chaulagain, Gaurav Dahal, Alkesh Nepal, Amrit Tiwari, and Pramod Regmi

RELIABILITY BASED MAINTENANCE IN HYDROPOWER:
A CASE STUDY OF BIJAYPUR-I SMALL HYDROPOWER PLANT
Rajan Sharma and Nawaraj Bhattarai

107-114

115-122

123-130

WOMEN SELF-DEFENSE AND SECURITY SYSTEM
Richa Pokhrel, Asmita Jha, Pooja Singh, Pragya Jha, and Rama Bastola

AUTOMATIC IMAGE CAPTIONING USING NEURAL NETWORKS

Subash Pandey, Rabin Kumar Dhamala, Bikram Karki, Saroj Dahal, and Rama Bastola

131-137

138-146

DESIGN AND IMPLEMENTATION OF A PORTABLE ECG DEVICE
Sulove Bhattarai, Sudip Bhujel, Santosh Adhikari, and Shanta Maharjan

WATER QUALITY MONITORING SYSTEM USING IOT

Suruchi Pokhrel, Anisha Pant, Ritisha Gautam, and Dinesh Baniya Kshatri

147-154

155-164

FACTORS AFFECTING THE ADOPTION OF DIGITAL PAYMENT SYSTEMS
Sushant Raj Giri and Subodh Kumar Ghimire

DESIGN OF LOG PERIODIC DIPOLE ARRAY ANTENNA
RANGING FROM 30 TO 150 MHZ

Upendra Subedi, Rabin Nepal, Rhimesh Lwagun, and Sanjay Rijal

165-174

175-183

Journal of Innovations in Engineering Education | Vol: 3 | Issue: 1 | March 2020

Aerial View Based Guidance System
Abhijan Wasti*,1, Saugat Tripathi1, Sandeep Regmi1, Sanjeev Yadav1, and Dinesh Baniya Kshatri1
Department of Electronics and Computer Engineering, Thapathali Campus, Institute of Engineering,
Tribhuvan University, Kathmandu, Nepal

1

Corresponding Email: tha072bex301@tcioe.edu.np

*

ABSTRACT
With the limited amount of resources and roads available, traffic congestion seems to be the current
leading problem for urban areas. Reliance on the traditional vehicular navigation systems seems to a
huge contributing factor, which simply cannot meet the present demand for better traffic management.
While the existent navigation system relies on the Global Navigation Satellite System (GNSS) and
predefined historic navigation data, a real time optimal pathfinding navigation system has been lacking.
We have proposed a close to a real-time system that calculates an optimal path from start to destination
using floodfill algorithm and provides guidance to ground vehicles. A camera hovering over the top
provides a bird’s eye view and via the Hyper Text Transfer Protocol (HTTP) on top of 802.11n protocol,
transfers aerial view from the airborne device to Unmanned Ground Vehicle (UGV) where the actual
computer vision processing is done in a local processor. The use of floodfill algorithm although requires
an image that contains the whole maze but makes the system far more efficient. This makes it real time
and efficient which may be further improved and integrated with actual traffic scenarios.
Keywords: Floodfill, Image Processing, Maze Solving, Navigation
1. INTRODUCTION
Traffic congestion is not only a problem in Nepal but in the whole world. According to TomTom’s website,
there is always the presence of traffic congestion somewhere in the world at this very moment [1]. The
main cause behind these congestions is the increase in the number of vehicles. As it accounts for more than
30% of trafﬁc congestion in an urban area, the lack of proper navigation is a serious problem [2]. The main
problem of these cases arises around an urban area with a narrow and congested road and tall skyscrapers.
The number of vehicles is growing in rapid numbers which will not be decreasing any time soon.
Sustenance of a large number of vehicles and to minimize the problem of proper navigation by emergency
vehicles is of high priority in the near future. Being dependent only on the Global Navigation Satellite
System (GNSS) and the historical data for finding an optimal path around a city is now somewhat obsolete.
Thus, the need for smart navigation is an absolute necessity now and in the near future.
1
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Micromouse has been in the forefront to test out algorithms and design for maze solving where localized
sensory data are used to navigate the test robot to the final destination [3]. Similar is the case for the vehicles
running in an urban route with the knowledge about the route being localized to the driver alone.
Micromouse has been used for maze solving and to test out algorithms and their efficiency. It easily relates
to the roads and the skyscrapers which form a maze-like structure so they both share a common solution.
Each algorithm performs in a different approach to find an optimal solution on the maze, most of them only
depends on the input from the subject’s point of view. So, instead of using just the subject’s point of view
having an additional view might give a better approach to find an optimal solution. So, in this project, the
use of aerial images, that gave an extra perspective, was taken into the account.
This proposed system can help us sustain a large number of vehicles running and to minimize the problems
of proper navigation of emergency vehicle. The proper navigation of the ground vehicle is also needed for
the military defense purposes to scout areas ahead of the battalion. Similar applications are seen in
commercial unmanned home delivery systems. The proper road navigation of the emergency vehicle and
law enforcement agencies can also help minimize precious time during time critical scenarios.
The first part of this paper gives a general introduction and application about the paper and its proposal as
well as the problem definition. The second section provides the review of the related works that have guided
the proposed system. The third section defines the methodology used as well as the proposed system
architecture. The fourth section provides the implementation details of the system which is then followed
by the results, analysis of our work and consequently conclusion and future enhancement of the system
2. RELATED WORKS
For the maze solving, two approaches are used, one without the prior knowledge of the maze and based on
the local data collected from the sensor onboard the ground vehicle and one that has prior knowledge of
the maze [4]. For the latter, several algorithms have been tested out for finding an optimized path. Dang
et.al. proposed an algorithm which was based on the flood-fill algorithm but improved by reducing certain
repetitive steps. As there are certain parts in the maze where the robot can go only straight forward, when
the robot is inside these parts, it does not need to perform all four steps of maze solving which is updating
the wall, flooding the maze, determining which turn to be taken and moving to the next cell. This proved
to be more efficient than the traditional approach of just using the flood-fill algorithm [5]. Whereas, Patel
et.al. demonstrated the use of flood-fill algorithms for mobile robotic application. The object detection was
done by using pixel-to-pixel scanning of the image capturing the top view of the maze. Then, the flood-fill
algorithm finds the shortest path from a defined section of start to finish from user input. Through their
research, it was found that the flood-fill algorithm can be effective in finding an optimal path while
eliminating the faulty paths which increased functionality efficiency in paths feasibility examination [6].
Aqel et al. proposed a maze solving robot system based on image processing. This system captures images,
stores it in a computer, preprocesses it, applies suitable graph theories, generates a path and returns a set of
commands for an autonomous robot to follow. The process wasn’t fully autonomous; human intervention
was required to load the relevant image files on to the computer. Graph theory algorithms Breadth First
Search (BFS), Best First Search and A* were used, and compared for efficiency. The image coordinates
were then converted into actual coordinates for the autonomous bot to follow. Also, the possibility of
infinite looping and dead ends were considered. The Breadth First Search algorithm was found to be more
accurate and was employed in the final maze solving program [4].
Harik et.al. described a system on an industrial area that would operate an Unmanned Ground Vehicle
(UGV) according to the commands given by Unmanned Aerial Vehicle (UAV). A UAV is used to provide
global coverage of the area allowing the leader to navigate safely in the transportation area through
waypoints selected by a human operator. It navigates using a predictive vision-based target tracking
controller taking the leader as a target, which makes the communication and computational requirements
at a lower level [7]. Similary, Vandapel et.al. used aerial lidar sensors to capture the data of the ground
2
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terrain. The ground vehicle also consisting of a lidar sensor collected the data which was used to localize
the ground vehicle in the absence of Global Positioning System (GPS) coverage. The main challenge that
was faced in this study was the presence of the vegetation on the ground which had been difficult to separate
out form the rest of the terrain [8].
The approach proposed in our paper is based on having the prior knowledge of the maze i.e. aerial view
of the maze over which the flood-fill algorithm can be employed. And using that result of the optimized
path the UGV traverses the maze.
3. METHODOLOGY
This section discusses the methods employed for the design and implementation of the system. The data
flow diagram of the system is presented in fig. 2. The system consists of an UAV with a downward facing
camera, an UGV vehicle with dedicated processors for maze solving and path traversal.
Communication between two vehicles was via the 802.11n protocol.

Figure 1: System Block Diagram
While traditional methods of maze solving, most notably those demonstrated in Micromouse, do converge
to a solution over time, the solution may not necessarily calculate the shortest path in the maze. To calculate
the shortest path, the UGV must traverse every possible path to map a complete layout of the maze and
only then calculate the shortest path to traverse. This is time consuming and resource intensive. Instead, a
top down bird’s eye view provides a complete picture of the maze beforehand thus eliminating much of the
time taken for initial maze mapping while also guaranteeing the shortest path solution every time. The
proposed system of maze solving is elaborated below:
3.1 ACQUISITION OF MAZE IMAGE
The top down aerial view of the maze is captured by the UAV camera and sent to the UGV for further
processing. The communication occurs via Wireless Fidelity (Wi-Fi) using the 802.11n protocol because
3
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of its simplicity in use and cost effectiveness. The image file is sent using the Transmission Control Protocol
(TCP) with an additional option of Real Time Streaming Protocol (RTSP) for dynamic viewing.

IP Camera

Captures Maze Image using
IP Camera

Transmits Image Data to
UGV Bot

Image Processes Using
Python and OpenCV on
Onboard Raspberry Pi
UGV
Applies Floodfill
Algorithm to Find the
Optimal Path

Maze

UGV Robot Traverses the
Maze
Figure 2: Data Flow Diagram

3.2 PROCESSING OF IMAGE
After receiving the image from the UAV, the UGV passes the image of the maze for detection of starting
and end point of the maze. This is done via Quick Response (QR) codes; QRs placed accordingly denote
the starting and ending point of the maze. After this is done, the UGV resizes the image to a manageable
format, applies basic image preprocessing steps, such as filtering, converts the image into grayscale and
applies appropriate threshold. The result is a binary image with white areas denoting valid paths and black
areas denoting walls of maze.

4
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3.3 MAZE SOLVING
Most image-based search algorithms extract a graphical representation of the maze for application of maze
solving applications. In our system, we opted to operate directly on the base image because of ease of use.
We employ the floodfill algorithm to “flood” the maze from the starting point and lead us to the end point
of the maze.
In floodfill, the entirety of the maze is treated as a grid consisting of cells. Initially, an entity is created at
the starting cell and added to the stack. This entity checks whether neighboring cells are walls or visited
cells. If neither of those are true, a new entity is created in the neighboring cell, the direction of the
originating cell is noted and the new entity is added to the stack. This process continues on until the end
cell is reached.
Upon completion, starting from the end cell, the direction of originating cell of each entity in corresponding
cell is checked and added to a list of directions. This list of directions is then reversed and used as a guide
for path traversal.

Figure 3: Floodfill algorithm
3.4 TRAVERSAL OF PATH
Based on the set of direction acquired from the previous step, the UGV now starts traversing the maze. The
sensors in the UGV check whether there is more than one possible direction to travel i.e. intersection point
of multiple paths. If multiple paths are found, the UGV references the list of directions and reads which
direction to travel. This process then continues on until the end point is reached.
5
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Figure 4: System Overview
4. INSTRUMENTATION AND SOFTWARE USED
The UGV robot which physically runs on the maze consists of two dedicated processors; one for image
acquisition and processing and another for driving robot through the maze. The two processors were
supplied with isolated power supply so as to improve battery efficiency.
The Raspberry Pi 3B+, which was responsible for image processing was powered via a buck converter and
the Arduino Uno responsible for driving the robot i.e. reading sensor data, driving the robot and traversing
the maze, was powered via LM7805 fixed voltage regulator. The two motors onboard the UGV had
encoders on them. To receive better signal from motor encoders, Schmitt triggers were used. IR
Rangefinders were used for wall detection sensors for maze traversal.
The core image processing coding was done in Python language with the OpenCV library. The maze
traversing algorithm was coded onto the Arduino Uno using Arduino IDE in C++.

Figure 5: Top View of UGV
6
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5. IMPLEMENTATION DETAILS
For the purposes of the demonstration an actual maze was made on which an UGV would travel. The maze
of size 1590 mm × 1590 mm was made out of Styrofoam pieces cut precisely with 150mm as height of the
wall. The maze architecture should be clearly visible from aerial view. So, for this purpose distinct color
contrasting to that of the maze i.e. black color cardboard cut into correct sizes were glued to the Styrofoam’s
top view part.

Figure 6: Prototype Maze
The UGV base frame was made using aluminum composite material which had Raspberry Pi and Arduino
on board. The Raspberry Pi 3B+ was on the same network as Internet Protocol (IP) camera which is
required for the automated transfer of picture. The optical encoder on the motors of UGV produced a signal
represented in fig. 7.

Figure 7: Raw Output of Optical Encoders
The slight roll off at each cycle would produce faulty results. To avoid this, a Schmitt trigger was used.
Fig. 8 illustrates the output waveform after passing through a Schmitt trigger.
7
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Figure 8: Corrected Output after using Schmitt Trigger
6. RESULTS
To test the image preprocessing algorithm and its efficiency, first a 2D maze was created for real life testing.
The maze outline was printed onto a flex and initial testing and debugging was done. After successful
testing with 2D maze, walls of maze were constructed with Styrofoam and QR codes in entry and exit
points. Contrasting colors were used for the wall and floor of maze for ease of processing.
A prototype of the two system was made and was ready for testing. For aerial view, an android application
called IP Webcam was used, which would then capture image and send to the Raspberry Pi 3B+ onboard
the UGV.

Figure 9: Aerial View of Maze

8
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For application of maze solving algorithm, the QR codes were read, image scaled and preprocessing steps
were performed. Before the processing of the image for floodfill the QR code had to be removed as it would
result in the imperfection of the maze.
Image preprocessing steps included blurring to removing small imperfection in the image, conversion to
grayscale, conversion to binary image and morphological transformations such as erosion and dilation.
Thereafter, floodfill was applied; starting from start point, new entities were created based on neighboring
cells, the path traced back and the final set of direction was derived.
The path information is then sent to the Arduino Uno which was responsible to drive the UGV on the maze.
The UGV would read sensor data to ascertain whether or not a particular cell was an intersection i.e. point
with multiple possible paths to travel. When such an interaction was encountered, the UGV would then
refer to the array of directions sent from the Raspberry Pi to move in the correct direction.

Figure 10: View of Maze After QR Removal

Figure 11: Binary Image Before Floodfill

9
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Figure 12: Extracted Path After Floodfill

7. ANALYSIS AND DISCUSSION
Application of different steps along the process and their analysis revealed the following:
7.1 DIFFICULTIES WITH IMAGE PROCESSING
When applying image preprocessing steps, notably thresholding and morphological operations, it was nontrivial to ascertain a universally ideal value to isolate just the walls of the maze and not influence the binary
image with other image artifacts such as a shadows or imperfection on the path. While better solutions have
been created in the real world, for our isolated test case, we opted for manual calibration whenever the test
apparatus was set against a new setting.
Based on the height and perspective of camera, the size of the maze appears to be of different size and with
slight perspective deformity. By affixing the camera directly above the maze in a horizontal position facing
downward, both the size of the maze and the perspective deformity could be avoided.
Since the size of maze varies with placement of camera, the size of individual cells in the grid must vary
accordingly to ensure the most efficient use of time and resources when floodfilling. The processing of
floodfilling is O(n2) complex. While smaller cell size ensure meticulous traversal through closely places
cells, they take larger time to converge to a solution and are largely affected by imperfections in the image.
On the other hand, while larger cell size would be efficient in terms of time and processing power, they
take larger strides and might miss smaller details or even entire sections of walls. Thus, size of grid and in
turn the cell is an important factor to consider when floodfilling.

10
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7.2 OUTPUT OF IR RANGEFINDER
The voltage reading from IR Rangefinder was discovered to follow a non-linear curve. As the distance
increased, the voltage measure did not scale at the same rate. Fig. 13 illustrates this relationship.

Measured Voltage vs Distance Graph of IR Rangefinder
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2
1.5
1
0.5
0
0

10

20

30
40
50
Voltage (V) in volts

60

70

80

90

Figure 13: Measure Voltage vs. Distance Graph of IR Rangefinder
7.3 OUTPUT OF ROTARY ENCODER
The readings from the encoder was quite precise for our purposes. However, due to inertia and friction the
actual distance measures deviated from the theoretical distances. Their relationship is shown in the fig. 14.

Figure 14: Expected vs Actual Distance Measure by Optical Encoders

11

Aerial View Based Guidance System

8. FUTURE ENHANCEMENT
A major part in this project that has been lacking is in the use of real UAV for image acquisition and
transmission. Use of real UAVs (a quadcopter) can help implement this idea out in the real world. Similarly,
swarm of drones can be used for larger area coverage and efficient route planning. For such a connection
of swarm of drones MQTT protocol can be implemented in order to communicate between drones and send
the data to the required ground station or directly over to the internet for access by ground vehicle through
the internet. The standard of 802.11p can be quite effective for actual vehicular connection as the standard,
as it defines a long range communication with lower transmission bandwidth.
For real world implementation, image preprocessing steps can be made more robust against variable
lighting changes. Similarly, detection of static as well dynamic obstacles is definitely the right step. The
image processing algorithm can be made more robust by the use of machine learning for image
segmentation for differentiation of roads and buildings in the real world. Another detail that can be
implemented in future works is the use of some heuristic.
9. CONCLUSION
While aerial view can provide long distances view clearly, ground vehicles are suited for transportation of
heavier loads. With the proper coordination of these two units that excel in different fields, they can perform
task that neither could perform alone. Despite the inherent disadvantage of using an unlicensed frequency
band of 802.11n that is susceptible to interference from the environment, the transmission of image file
from the aerial camera to the UGV still performed in a span close to real time. Processing of image file in
a general propose processor used in the project yielded a result that was a good tradeoff between accuracy
and time. Under controlled conditions, the entire process from image acquisition to the complete traversal
of maze was completed successfully and has proved to be a viable option for future applications. Several
factors still come into play that need to be addressed in a real world scenario, however the basic proof-ofconcept holds true.
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ABSTRACT
Weather satellite is a type of satellite which is mainly used for the monitoring of the weather and climate
of the Earth. This project purposes the creation of a working model of weather cube-sat, a weather Picosatellite to monitor the condition of a small geographical area and determine its weather conditions and
pollution level. Various sensors like temperature, barometric, humidity, dust and lux intensity sensors as
well as a rain detector is used to measure the corresponding physical quantities and situations for this
purpose. This system uses nRF transceivers for the transmission of data from the cube-sat to the ground
station. Even though it is not included in our project, it is also possible to forecast the weather for the
area based on previous values measured from the system. For the validation of the project, the measured
data were compared with each other as well as the corresponding values of the physical quantities
measured from other devices to check for its consistency and accuracy.
Keywords: nRF Transceiver, Weather Conditions, Weather Pico-satellite
1.

INTRODUCTION

The weather satellite is a type of satellite that is primarily used to monitor the weather and climate of the
Earth. Satellites can be polar orbiting, covering the entire Earth asynchronously, or geostationary,
hovering over the same spot on the equator. [1]
Meteorological satellites see more than clouds and cloud systems: city lights, fires, effects of pollution,
auroras, sand and dust storms, snow cover, ice mapping, boundaries of ocean currents, energy flows, etc.
Other types of environmental information are collected using weather satellites. Other environmental
satellites can detect changes in the Earth's vegetation, sea state, ocean color, and ice fields.
A CubeSat (U-class spacecraft) is a type of miniaturized satellite for space research that is made up of
multiples of 10 cm × 10 cm × 11.35 cm cubic units. CubeSats have a mass of no more than 1.33 kilograms
per unit [2], and often use commercial off-the-shelf (COTS) components for their electronics and
structure. CubeSats are commonly put in orbit by deployers on the International Space Station, or
launched as secondary payloads on a launch vehicle. Over 1000 CubeSats have been launched as of
January 2019. Over 900 have been successfully deployed in orbit and over 80 have been destroyed in
launch failures.
14
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This project involves creation of a model of a Pico-Satellite which can be used to determine weather and
pollution level of a small geographical area. The satellite will be a cube of 10 cubic centimeters
dimension. It will contain three solar panels along with a Li-ion battery, chargers, voltage regulators as
well as a boost converter for power supply, AVR as main controller, temperature, barometric, humidity,
dust and lux intensity sensors, rain detector, along with nRF transceiver for transmission. The data will
be displayed on a PC at the ground station through a GUI or a serial monitor.
For further details, section II explains the literature review, section III focuses on the methodology of
the system while section IV illustrates the results and discussions. Section V includes the possible future
enhancements and Section VI concludes the report.
2.

LITERATURE REVIEW

NepaliSat-1, also known as Bird NPL, is a Nepalese low orbit research satellite and the first satellite of
Nepal. [5] The nano satellite was developed by two Nepalese scientists Aabhas Maskey and Hariram
Shrestha, both of whom are currently studying at Japanese Kyushu Institute of Technology. Aabhas
Maskey, a PhD candidate in space engineering is the project manager of Bird-3 Project and he involves
himself in this project. The satellite has a mass of 1.3 kg and funded by the Nepal Academy of Science
and Technology while it was constructed under the BIRDS-3 project of the Japanese Kyushu Institute
of Technology. The main mission of BIRDS Project Program was to support to that country who has
never sent their satellite to space. The development of the satellite cost nearly twenty million Nepalese
rupee. The satellite weights about 1.3 kilograms. The satellite contains Nepal's flag and Nepal Academy
of Science and Technology (NAST) logo, alongside the developers name. The satellite was launched
April 18 at 2:31 am (Nepal Standard Time) from Virginia. [6] The satellite will be orbiting at an altitude
of about 400 kilometres. [5]
The Department of Hydrology and Meteorology in Nepal has installed weather radar and radiosonde
balloons with the aim of making weather forecasting 100 percent accurate. Weather radar, also called
weather surveillance radar is used to locate precipitation, calculate its motion, and estimate the type of
rain, snow and hail. Weather radars are capable of detecting the motion of rain droplets in addition to
the intensity of the precipitation. Radiosondes are carried aloft by balloons to measure and
simultaneously transmit recorded data, which includes pressure, temperature and humidity. Winds are
determined by using an instrument that tracks the radio signal transmitted from the radiosonde, or an
inertial navigation system that transmits accelerations, or a GPS receiver that transmits the radiosonde’s
locations. The radiosonde is attached to a hydrogen-filled balloon, generally called a weather balloon,
and the balloon lifts the radiosonde to altitudes exceeding 115,000 feet. During the radiosonde’s ascent,
it transmits data on temperature, pressure, and humidity to a sea, air, or land-based receiving station. [7]
3.

METHODOLOGY

The architecture of the system as well as all the components used in the system is described in this
section.
3.1 SYSTEM ARCHITECTURE
In the system, some physical quantities like internal and external temperature, pressure, height, humidity,
light intensity, percentage of dust as well as occurrence of rainfall are measured or detected by their
respective sensors and the data taken will be analyzed by the microcontroller for determining the values
of those physical quantities which may not be directly provided by the sensor.
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The data from the sensors will then be transmitted to the ground station using nRF transceivers. At the
ground station, the data received by the microcontroller through the receiver will then be displayed on a
serial monitor and saved in a text file for further use.

Figure 1: Block diagram of the system
3.2 INSTRUMENTATION
Various hardware components have been used in this system. They include the sensors, the controller,
the transceiver and other components.
3.2.1. Frame:
The Satellite frame was made by 3-D printing required parts using Polylactic Acid (PLA) as feedstock
material. The parts were then connected together after placing other hardware components in their
respective position. After that the cube-sat has been covered with aluminum foil tape for insulation as
well as to prevent combustion. The satellite has flaps that are initially closed but are programmed to open
when required to expose the solar panel to light.
3.2.2. Power Supply:
A 3.7V Li-ion battery has been used as the main power supply. The DC voltage is converted to the 5V
using a power bank module. The 3.7V and 5V voltage are used to supply power to the sensors as well as
the controller as per required. The 5V is further converted to 12V using an adjustable boost converter
for driving the heater as well as the fan. The 5V supply is also regulated to 3.3V using AMS1117 voltage
regulator. Three Solar panels are used in order to charge the battery for the satellite to have independent
power supply. The Solar panels provides 9V output at 500 mAh to the battery charging circuit.
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3.2.3. Sensors:
Temperature Sensor (LM35): LM35 is used to measure precise centigrade temperature. The output of
this sensor changes describes the linearity. It can detect temperature with range -55˚ to +150˚C. It was
operated using 5V. LM35 is interfaced directly with the microcontroller and the analog data it gives in
voltage was converted to Celsius temperature.
Barometric Sensor (BMP180): The BMP180 consists of a piezo-resistive sensor, an analog to digital
converter and a control unit with E2PROM and a serial I2C interface. It provides the uncompensated
value of pressure and temperature. The microcontroller sends a start sequence to start a pressure or
temperature measurement. After converting time, the result value (pressure or temperature respectively)
can be read through the I2C interface. It gives temperature in Celsius as well as absolute pressure in hPa
that varies with altitude. By using a predetermined baseline pressure, relative pressure as well as altitude
was calculated.
Humidity Sensor (DHT11): The humidity sensing component of the DHT11 is a moisture holding
substrate with the electrodes applied to the surface. When water vapor is absorbed by the substrate, it
releases the ions, which increases the conductivity between the electrodes. The change in resistance
between the two electrodes is proportional to the relative humidity.
The resistance between the electrodes is inversely proportional to the relative humidity. DHT11 is
interfaced directly with the microcontroller by decreasing input current using 1K resistor. It gives
temperature as well as relative humidity.
Optical Dust Sensor (GP2Y1010AU0F): GP2Y1010AU0F contains an infrared emitting diode and a
phototransistor which are diagonally arranged into this device, to allow it to detect the reflected light of
dust in air. The output of the sensor is an analog voltage proportional to the measured dust density.
GP2Y1010AU0F is interfaced with the microcontroller directly as per its datasheet using 150 ohm
resistor as well as 220 microfarad capacitor for the pulse drive of the LED.
Light Dependent Resistor (LDR): This resistor works on the principle of photo conductivity. It is nothing
but, when the light falls on its surface, then the material conductivity reduces and also the electrons in
the valence band of the device are excited to the conduction band. These photons in the incident light
must have energy greater than the band gap of the semiconductor material. This makes the electrons to
jump from the valence band to conduction.
These devices depend on the light, when light falls on the LDR then the resistance decreases, and
increases in the dark. When a LDR is kept in the dark place, its resistance is high and, when the LDR is
kept in the light its resistance will decrease. If a constant V is applied to the LDR, increase in the intensity
of the light increases the current. The figure below shows the curve between resistances vs. illumination
curve for a particular light dependent resistor. The LDR is directly interfaced with the microcontroller
using a voltage divider circuit with a 10K resistor.
Rain Detector: A rain detector contains an electronic circuit used as switch and a transistor, the output
from the normally open circuit is fed to the base of an NPN transistor. The circuit has a 5V input and is
designed to be closed when water falls on its surface. When the circuit closes, the current in the base of
the transistor causes the current from collector to the emitter.
The voltage at the emitter side of the transistor in the Rain Detector is checked using the microcontroller.
If the voltage is found to be high, it means there is rainfall.
3.2.4. Controller:
The microcontroller (Atmega328) is interfaced with all the other electronic components and takes data
from the sensors as specified earlier and transmits them through the transmitter.
3.2.5. Transceiver
The nRF transceivers are interfaced with the microcontroller using SPI interface. They are operated at
low power level because the power supply on the satellite is not enough for high power level. The data
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transfer speed is maintained at 250 kbps even though transmission rates are possible. This was done to
increase the range as range is inversely proportional to data transfer rate.
3.2.6. Ground Station
In the Ground station, microcontroller, with an nRF receiver, is connected to a PC which also functions
as the power supply. The data received is displayed in the serial monitor and saved as a text file.
3.2.7. Other Components:
A Heating Coil is used in order to maintain a suitable internal temperature for proper operation of internal
components including the battery by increasing the temperature when required. A fan is also used for
decreasing the internal temperature for the same purpose. The fan is also used to direct the dust particles
to the dust sensor.
3.3 SOFTWARE USED
AutoCAD Fusion 360 was used to make the parts of the frame and Proteus Design Suite was used for
circuit design. The microcontrollers were programmed in C language using Arduino IDE. In the
program, a structure was created as follows containing variables to store all the data that can be measured
using the sensors. Then subsequent values were measured using the sensors and stored. Then these data
was then sent from the transmitter to the receiver. The process of determining the values through the
sensors and transmitting was run on a loop for continuous inflow of real time data. At the receivers side
similarly the data received from the receiver were stored in a similar structure, displayed in the serial
monitor and saved in a text file.
4.

RESULTS AND DISCUSSION

The main hardware body consisting of the skeleton and circuits with all devices has been properly
constructed. The Cube-Sat frame was made by 3-D printing required parts and connecting them together
after placing other hardware components in their respective position as shown in the figure.
The Cube-Sat was deployed by using a drone, to an altitude somewhat below the maximum altitude
allowed for its flight, for observation of the result as well as its analysis. The drone in use was available
to the team members prior to the beginning of this project and is not a part of it.

Figure 3: Screenshot of the data observed

Figure 2: Top view and Side view of the Cube-Sat

The data obtained was analyzed to measure its consistency and accuracy. The results found after
comparing the data obtained from various instances of time are discussed below.
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All the data except air quality were found to have very low standard deviation. Even those low deviations
were due to the higher sensitivity of the system such that slight movement (due to wind, etc.) would
cause a change in its measurement. The air quality is prone to high change as the concentration of dust
particles is not uniformly distributed. This is the reason for such high deviation.
Moreover, while the observed relative humidity was found to be much consistent, such is not the case
all the time as was found out by observations different from the one shown above which, unfortunately,
were not recorded. This is also for similar reasons as the one prior as the absolute density of water vapor
can change depending on slight environmental changes.
The temperature observed using a room thermometer showed a temperature of 27 degree Celsius which
is about the same as measured by our system. Also, the pressure observed by using the inbuilt sensor in
a mobile phone showed 870 hPa pressure which is not much higher than the values we observed. The
error is less than 1%.
From the analysis of the observed data, we concluded our system to be a feasible one.
5.

FUTURE ENHANCEMENT

This project can be implemented for any remote sensing as meteorological purposes. Moreover, this
project can be updated in near future as and when requirement for the same arises. The following are the
future scope for the project.
Transmission of large data like image, voice, video, etc. is possible by splitting the data into smaller
parts (the maximum size that can be transmitted at once) and transmitting them one by one. This may
take time but optimization methods for increasing effective transfer rate can be done to minimize the
time taken.
Use of other types of transceivers supporting higher transfer rate or higher range is also much viable.
Our project uses nRF transceivers which have range about 1 km and maximum rate about 2 Mbps which
is only possible on a much shorter range. So, other better devices for transmission may be implemented.
Use of high range antennas for properly capturing the entire transmitted signals with minimum loss and
maximum range is also possible. This will decrease the hardware requirement on the module itself while
maximizing its efficiency.
Our project measures and transfers weather related physical quantities. These data can be used in weather
forecasting. With sufficient data, implementation of algorithms for weather prediction becomes possible
even without the use of complex numerical models.
Sensing devices such as RADAR or LIDAR and so on can be integrated in the system. Since the system
is a model for a Pico Satellite, implementation of such detection devices will have more relevance than
otherwise.
6.

CONCLUSION

This project demonstrates a model of a Cube Sat with all the required hardware parts. The system in this
project also implements measuring of physical quantities for determining the weather conditions and
pollution level at the location of the satellite, as well as long distance transmission of the data measured. In
this regard, this system can be used to monitor the weather condition in real time.
The analysis of the data shows that the system provides consistent and relevant measurement of those
physical quantities. The experiments conducted have affirmed the good performance of the system.
Hence, this system can be taken as a positive albeit small step taken towards the fields of satellite
engineering and long distance data transmission.
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ABSTRACT
The net benefit of replacing diesel bus by electric bus in Kathmandu Valley is found positive. The net
benefits of replacing diesel bus by electric bus is found to be NRs 8,31,776.So, per bus per year in the
context of Sajha yatayat, the government should encourage the introduction of electric bus inside
Kathmandu Valley. The four types of scenarios including one Business as usual scenario and other
three different replacement scenarios, namely, ESB25, ESB50 and ESB100 for the period 2019-2035
are analyzed in this study. The 15.5, 31.2 and 62.4 Million Mega joule of energy can be saved in
ESB25, ESB50 and ESB100 scenarios respectively in comparison to BAU scenario. The cumulative
cost saved from avoided energy is 0.12, 0.25 and 0.5 million US dollars at constant price of 2019 under
ESB25, ESB50 and ESB100 scenarios respectively in comparison to BAU scenario. The total GHG
emissions avoided is 15.6, 31.2 and 62.41 thousand tons under ESB25, ESB50 and ESB100 scenarios
respectively in comparison to BAU scenario. The cumulative revenue generated is 0.15, 0.31 and 0.62
million US dollars at constant price of 2019 under ESB25, ESB50 and ESB100 scenarios respectively
in comparison to BAU scenario. Since net benefit of replacing both old and new diesel bus is positive,
ESB100 scenario is the best option to replace diesel buses by electric uses.
Keywords: Electric Buses, Energy Consumption, GHG Emissions
1. INTRODUCTION
In recent years, scholars, policy-makers, and the general public in many parts of the world have
become increasingly concerned over health and environmental damages associated with air pollution.
As urban transport is among the most important contributors to urban air pollution, this concern has led
to a heightened interest in Electric Vehicles (EVs) as well as other environmentally friendly alternative
forms of transport. Consequently, many industrialized countries have revised the policies to encourage
the use of alternative-fuel vehicles. In the United States, for example, California, New York and a few
other states had mandates that required 10% of all motor vehicles sold after 2003 to be zero-emissions
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vehicles or, in other words, EVs. California, in particular, provides certain sales credit to encourage the
purchase of EVs (Bhatta & Joshi 2004). Decreasing air quality and rapidly increasing fuel price with
frequent fuel strikes has increased the interest of people of Kathmandu valley towards electrical
vehicle. Public awareness about benefits of reducing air pollution level by replacing ICEVs by EVs is
in increasing rate. Many researchers, advocates and environmentalists are encouraging government to
make favorable policies to expand electrical vehicle system in Kathmandu.
2. PROBLEM STATEMENT
Nepal imports 100% of fossil fuel it needs, since there are not any natural fossil fuel reserves found yet
in Nepal. Nepal is expending huge portion of its budget to buy fossil fuel mainly from India. The
demand of petroleum products is about 1.8 million tons per annum with annual increase by 20%
whereas petroleum products constitute about 11% of total energy consumed in Nepal (MOF, 2019). In
2012, the valley consumed 46% of the total petrol and 16 % of the total diesel sales in Nepal
(NRB,2012).The price of fossil fuel is increasing very rapidly in recent years. In 2002/11/23, the price
of diesel was 26.50 NRs/L, whereas 17 years later in 2019/12/21, the price of diesel increased to 97.5
NRs/L (NOC, 2019). In other words, the price of diesel has been increased by 270 % in the period of
17 years (NOC, 2019). But in same duration, price of electricity increased by only 20% maximum
(NEA, 2019).The above difference in increment of price of diesel and electricity favors strongly to
replace diesel fueled vehicles by electrical vehicles.
3. LITERATURE REVIEW
3.1. ENERGY CONSUMPTION IN NEPAL
Total energy consumption in Nepal in year 2008/09 was 401 million GJ. The same in year 2000/01
was 335 million GJ. Total energy consumption in the country in this period is increased by about 2.4%
annually which is about in line with the present growth of GDP to some extent. The residential sector
ac-counts for the major share of energy consumption (89.1%), followed by transport (5.2%), industry
(3.3%), commercial (1.3%) and then the agricultural and others. Transport sector consumed 14 million
GJ of energy in year 2000/01 which was increased to 21million GJ in year 2008/09. Total petroleum
consumption in year 2008/09 was 33 million GJ.
3.2. AIR POLLUTION STATUS OF KATHMANDU VALLEY
The ambient air quality of Kathmandu valley is very poor, comparable to some of the most polluted
cities in the world. In terms of PM10 pollution, for example, it outranks cities like Kolkata, Mumbai
and Mexico City. Kathmandu average annual PM10 concentration of 198 in 2003 is well above the
National guideline of (CEN, 2003).
3.3. SAJHA YATAYAT
Sajha Yatayat is a cooperative public transportation organization which was established n 1961/1962
to provide efficient and affordable public transportation to commuters in Kathmandu Valley, as well to
inter-district travelers. In the last decade, the organization suffered some institutional turbulence, but
now it has been revived, with the participation of the Government of Nepal, as a cooperative
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organization. Its goal is to provide public transportation that is efficient, transparent and professional in
terms of service delivery.
3.4. COST-BENEFIT ANALYSIS IN PUBLIC TRANSPORT ELECTRIFICATION
Cost-Benefit analysis is a decision-making tool that is used to systematically develop useful
information about desirable and undesirable effects of public projects. In a sense, we may view
benefit-cost analysis in the public sector as profitability analysis in the private sector. In other words,
benefit-cost analysis attempts to determine whether the benefits of a proposed public activity outweigh
the costs (Park, 2011).
4. METHODOLOGICAL FRAMEWORK
4.1. FIELD SURVEY
 Data Collection from Sajha Yatayat
 Calculation of Maintenance cost and Fuel Consumption
 Estimation of Passenger-km
4.2. DATA ANALYSIS





Travel Demand Estimation
Vehicle kilometers
Data flow in LEAP model
Scenario description and relevancy

5. BENEFIT- COST ANALYSIS
5.1. ESTIMATION OF COST
Since diesel and electric buses are not manufactured in Nepal, the production cost of vehicle is the
purchasing cost of vehicle before addition of any type of tax. In other words, production cost is the
total cash outflow from nation. The production cost of diesel bus is taken as the reference of Ashok
Leyland 54 Seater Passenger bus and that of electric bus is taken as the reference of New Bus 54 seater
Chinese electric bus introduced by Sundar Yatayat Pvt. Ltd was claimed very high (NRs 1,64,00,000)
but during the last visit to China while visiting the Foton Motor Group, Beijing which is the main
Producer of Electric Vehicles operating in Beijing and the quotation of the different model of the
Buses and for the 54 Seater i.e. 12 m long bus the was gotten with quoted price of 80000 USD. The
current market price of Ashok Leyland bus is NRs. 55,00,000(From Official Dealer) and that of
electric bus described above is NRs 1,150,000 in Nepal. The government charges 225% customs duty
and 13% VAT on diesel vehicle and 10% customs duty and 13% VAT on electric vehicle.
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Table 1: Estimation of cost
S.N.
1.
2.
3.
4.
5.

Cost Item (NRs/Km)
Production
Battery
Maintenance/Repair
Fuel/Energy
Total

New diesel bus
5.54
0.52
5.99
30.80
23.01

Electric bus
11.59
3.36
2.39
11.28
17.44

Electric bus-New diesel bus
6.05
3.11
-3.6
-19.52
-13.96

5.2. ESTIMATION OF BENEFITS
The method used here to calculate net benefits is similar to Bhatta & Joshi (2004). The emission
factors for different pollutants are given in column (a) of figure 4.2a and 4.2b. The costs due to health
damage from polluting gases given in column (b) for context of United States. The emission factors
and un-adjusted damage cost used in table 4.2a and 4.2b are taken as used by Bhatta Joshi (2004). In
order to use these damage estimates in context of Nepal, these damage estimates have been multiplied
by purchasing power parity(GDP) adjusted per capita income (PPP-adjusted PCP) ratio between US
and Nepal, and given in Table 4.2a and 4.2b as adjusted damage in column(c). The GDP adjusted per
capita income of United States and Nepal are $59,532 and $2,682 in 2017 (World Bank, 2017).
S.N

Pollutants

1
2
3
4
5
6
Total

PM10
NO2
SO2
CO
CO2
NMVOC

Emission
(g/km)
(a)
1.050
9.100
0.273
1.904
541.5
0.675

Unadjusted
damage
(Cents/gm)
(b)
44.648
1.856
3.248
0.00232
0.00336
0.10788

Adjusted
damage
(Cents/gm)
(c)
2.011455
0.083615
0.146327
0.000105
0.000151
0.00486

Adjusted
damage
(NRs/g)
(d)
229.3059
9.532156
16.68127
0.011915
0.017256
0.554057

Damage
(NRs/km)
(e)
2.407712
0.867426
0.04554
0.000227
0.093444
0.00374
3.418088

The net benefit of replacing old diesel bus with electric bus was found to be NRs 8,31,776.7/year per
vehicle, i.e, society will be gaining NRs. 8,31,776.7/year per vehicle if diesel bus is replaced by
electric bus.
6. TRANSPORT DEMAND AND FORECAST
6.1. VEHICULAR POPULATION
The average annual growth rate has been 7.22% in the last five years for Kath-mandu Valley. At this
rate the population of vehicles (except 2 wheelers) will be doubled after 10 years (DOTM 2019).
Travel demand estimation
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6.2. POPULATION AND GDP ELASTICITY
The value of population elasticity and GDP elasticity are taken as 1.44 and 0.41 respectively as
assumed by Shrestha & Rajbhandari (2009) for road passenger transport sector of Kathmandu Valley.
6.3. FORECAST OF FUTURE PASSENGER TRAFFIC
As per the survey conducted under this study, the total no. of diesel bus running in Kathmandu Valley
is 67 and current no. of passenger/trip of diesel bus is 95.47.The electric bus is assumed to be
introduced only after 2019 onwards. As shown in Figure 1 the TOD based average electricity price is
calculated as 5.8 NRs/KWh.
6.4. FUEL CONSUMPTION
Fuel consumption in transport sector is dependent upon vehicle activity, type of vehicle, specific fuel
consumption and other driving parameters like speed, vehicle ages etc. (Pradhan, 2004). While in this
study, parameters like specific fuel consumption, type of vehicle and the vehicle activity are taken into
account for determining the fuel consumption. The trend of fuel consumption for each vehicle type in
different scenarios is determined. Specific fuel consumption for the diesel bus in year 2019 is
determined from primary survey from data taken from Sajha Yatayat of diesel bus. The specific fuel
consumption for diesel bus is found to be 0.322 from survey. The specific fuel consumption for electric
bus is taken as 1.34 KWh/km (Foton Motor Corp). The Figure 2 shows the fuel properties for each
type of fuel.

Figure 1: Forecasted passenger kilometers of existing diesel bus
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Figure 2: Fuel consumption avoided in different scenario
The fuel consumption in the alternative scenarios shows that the avoided fuel consumption in the
ESB100 scenario is highest. Also total of 15.5, 31.2 and 62.1 Million Mega joule of energy can be
saved in ESB25, ESB50 and ESB100 scenarios respectively in comparison to BAU scenario. The
cumulative cost saved from avoided energy is 0.12 million US dollars in ESB25 scenario at con-stant
price of 2019 in comparison to BAU scenario. Similarly it is 0.25 million US dollar and 0.8 million US
dollar in ESB50 and ESB100 scenarios respectively.
6.5 GHG EMISSIONS
The air pollutants considered in this study are CO, NO2, SO2 and PM10 only. The Green houses gases
taken into account in this study include CO2 and NO2 only. The one hundred year Global Warming
Potential is considered in this study. The Global Warming Potentials (GWPs) of CO2 and NO2 are
taken 1 and 310 t CO2 equivalent for this analysis based on LEAP-IPCC Assessment Report (1995)
integrated in LEAP (2011). GWPs show their relative strength to have effect in Global Warming
Potential. As shown in Figure 3, the direct GWP of NO2, for example, is defined as the cumulative
direct effect on the atmosphere’s energy budget resulting from one kilogram release of NO2, relative to
the direct effect of a one kilogram release of CO2.
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Figure 3: Cumulative revenue generated through CDM in different scenarios
7. CONCLUSION AND RECOMMENDATIONS
7.1. CONCLUSION
The net benefit of replacing diesel bus by electric bus in Kathmandu Valley is found positive. The net
benefits of replacing diesel bus by electric bus are found to be NRs 8,31,776.7 So, the government
should encourage the introduction of electric bus inside Kathmandu Valley. The four types of
scenarios including one business as usual scenario and other three different replacement scenarios
ESB25, ESB50 and ESB 100 were analyzed in the study. The total passenger service demand of bus in
2019 is 285 million passenger kilometers and this will increase to more than three folds in 2035. The
total energy consumption is increased from 39 Million Mega joule in 2019 to 101 Million Mega joule
in 2035. In other units, the diesel con-sumption is increased from 975 thousand liters in 2019 to 2437
thousand liters in 2035. The 15.2, 31.1 and 62.2 Million Mega joule of energy can be avoided in
ESB25, ESB50 and ESB100 scenarios respectively in com-parison to BAU scenario.
The cumulative cost saved from avoided energy is 0.12 million US dollars in EMB25 scenario at
constant price of 2013 in comparison to BAU scenario. Similarly it is 0.25 and 0.5 million US dollar in
EMB50 and EMB100 scenarios respectively. Relative to BAU scenario, there will be 25%, 50% and
100% total Emis-sions reduction in end year 2035 in EMB25, EMB50 and EMB100 scenarios
respectively. The total GHG emission in 2019 is 3.6 thousand tons. In 2035, it is in-creased to 9.7
thousand tons, which is more than 3 times that of 2019. The cumulative GHG emission from 2019 to
2035 is 105.4 thousand tons. The cumulative GHG emission from 2019 to 2035 is 6,928 tons in BAU
scenario. The total GHG emissions avoided is 15.6, 31.2 and 62.41 thousand tons under ESB25,
ESB50 and ESB100 scenarios respectively in comparison to BAU scenario
The cumulative revenue generated from year 2019 to 2035 is $150000, $310000 and $615000 in
ESB25, ESB50 and ESB100 scenarios respec-tively at constant price of 2019. The cumulative revenue
generated will be $150000, $310000 and $615000 if carbon is traded at the price of $12 or higher.
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ABSTRACT
The paper presents an overview of some marketing strategies that are strongly influencing on the
Nepalese un-plasticized poly vinyl chloride door and windows market. The result of the study reveals
that product quality improvement is one of the important products related marketing strategies in the
doors and windows market of Nepal and addition of new features. The study also reveals that
advertisements and exhibitions/meets are two important promotional strategies influencing the
consumers in their purchase. This study followed a judgmental sampling technique. The study shows
that there is enough evidence to indicate that the brand preference is dependent on market segment in
un-plasticized poly vinyl chloride windows in Kathmandu Valley market. Upon the analysis of the
product delivery report of the past five years the market seems to be growing at an average rate of 25%
annually. Un-plasticized poly vinyl chloride has comparative advantage over wood and aluminum
profiles on technical, physical as well as overall performance comparison hence proving to be a better
material for doors and windows.
Keywords: Comparative Performance, Energy Saving, Market Study, U-PVC
1.

INTRODUCTION

U-PVC known as un-plasticized polyvinyl chloride is a superior material. It is economical, highly durable
and ecologically friendly. With the right combination of ingredients like stabilizers, pigments and filters,
the optimal quality U-PVC is manufactured. Such fine modern U-PVC windows and doors are far
superior to any aluminum, steel and timber systems. U-PVC windows have properties that make it the
ideal material and provide the higher quality, durability and efficiency. It eliminates the possibility of air,
water and sound leakages.
U-PVC is a very poor conductor of heat and therefore makes an excellent insulator. U-PVC windows and
doors will not rust, corrode and doesn't require painting, also it has various other advantages over other
materials they are waterproof, termite proof, economical, maintenance free, easy to install. U-PVC
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windows and doors could be used in all kinds of buildings regardless of its altitude. This windows and
doors are easily operated even under any weather condition due to its coefficient of thermal expansion.
Traditionally, wood has been the constructing material for the doors and window panels. It dates back to
centuries since the wood has found its use as a constructing material. In recent times, U-PVC has been
used as a substitute of wood, which is a very positive step. The importance of U-PVC over wood in the
present scenario cannot be denied nor can be neglected. Let aside all the technical benefits, the
environmental aspect of U-PVC can single-handedly dethrone wood as a constructing material.
Most of the people are unknown about U-PVC along with some are having negative concept of taking it
as plastic. The research is carried out so that people can know about U-PVC and can be able to compare
its properties with other materials. Because of the lack of knowledge about market trend it is also difficult
for the smaller new entrant groups. Along with the pros that are suitable for our country are not properly
explained by sales personals because of which people are not able to make their decisions. The aim of this
research paper is to understand about U-PVC and analyze the Nepalese U-PVC market.
2.

LITERATURE REVIEW

Marketing deals with the activities that direct the flow of goods and services from producer to consumers.
Identifying and meeting the human and social needs fall under its ambit. The present business situation is
characterized by consumer oriented market. Immense competitions, rapid strides in technology and
liberalization, privatization and globalization have become the major points in competitive edge in the
market. In these circumstances the survival and growth of a business firm essentially depends on a
marketing strategy which results in broadening the customer bases as much as possible by not only
creating new customer bases but also retaining existing customers. The researcher was fascinated by the
new developments and trends in the marketing field of Nepal. After conducting preliminary survey, it
was decided to focus on the fast growing construction industry[1].
The construction industry is growing in different regions due to various reasons, such as population,
tourism, urbanization, etc. The growth of the construction industry will, thus, help the growth of the UPVC market. The plastic industry which holds a prominent share in various sectors will also help in
boosting the sales of U-PVC. U-PVC can also be recycled and reshaped, a particular factor that will
further push U-PVC market growth. The lower cost of U-PVC polymer will help in growth of u-PVC
sales. Other uses of U-PVC, such as in dental retainers, will also contribute to the growth of the u-PVC
market. Regulations regarding the use of U-PVC material will retard the growth of the U-PVC market in
future. Rigid and non-flexible nature of U-PVC has restricted the use of U-PVC pipes for various
applications, such high pressure transport of materials. This restricted use of U-PVC will slow down the
growth of U-PVC sales[2].
In Nepal aluminum products dominate the windows and doors market. Though there are some U-PVC
players in the market, they are hardly organized and qualified. Companies are serving factory-made
products on the basis of size and specification ordered by the customers. Factory-made products are
superior to the products made by carpenters. Since polyvinyl-chloride products, they are good resistant of
heat, sound, rain and electricity. Welded joint, double seals and multiple-point locking systems of the
products not only stop the dust, dirt, rain and wind from penetrating the houses but also reduce street
noises. PVC doors and windows are bad conductor of heat that reduces energy consumption while
running air-conditioner (AC). This decreases electricity bill by 20-30 percent.
There is competition but the one with quality preferring are in league. The types of products and services
which we are offering are unique. The quality service which offer will be one of the great USPs.
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Providing end-to-end service from production to fabrication and installation to handover and sales gives a
competitive edge [3]
U-PVC windows & doors is mainly used in the replacement for wood in construction. This technology
meets the higher demands of inhabitant comfort as it is durable with minimal expansion and contraction,
provides superior insulation from outside heat, are self-extinguishing and do not propagate fire. It is the
material of choice for achieving both economic and environmental balance. Throughout the globe, for
more than 30 years, U-PVC has become one of the most used materials. From the deserts of Arizona to
the coldest parts of Scandinavia, this technology has been serving successfully. This material also has
been proved to be useful in extreme hot conditions of the gulf. With the U-PVC windows and doors
market share growing faster than any other new product in Australia, and its market being established in
global scenario, builders from Nepal are also increasingly using and preferring this materials.
Kshamadevi building materials is the authorized dealer of CONCH brand U-PVC materials being
manufactured and traded by China Anhui Conch Group and Wuhu Conch Profiles and Science Co. Ltd.
With the experience of more than 6-7 decades in this industry, these companies have the production
capacity of 60 million tons and are currently serving all over China and are exported to numerous
countries like United Kingdom, Germany, and Russia[4].
PVC (Polyvinyl chloride) is a common strong but light weight plastic used in construction. It is made
softer and more flexible by the addition of plasticizers. If no plasticizers are added then the rigid PVC
thus formed is known as U-PVC.
Table 1: Comparison Table of PVC and U-PVC

Properties

PVC
Pipes, cable insulation, clothes,
toys
Flexible but durable , low cost

Contains Phthalates
Contains BPA

YES
YES

Uses

U-PVC
Windows and doors along with
frames, plumbing and draining
Rigid and Durable, doesn’t flex,
fire resistant, recyclable
NO
NO

3. RESEARCH METHODOLOGY
3.1. THEORETICAL FRAMEWORK
Research methodology is a systematic way to solve the research problem. In other words, research
methodology describes the methods and process applied in the entire aspect of the study. Research
methodology refers to the various sequential steps to be adopted by a researcher in studying a problem
with certain objectives in view.
Various articles, manuals, books, journals and websites related to U-PVC and field observation along
with consulting with market related people are the basic source of data collection.
The market study was done to analyze and find out the competitors in the market. From this study, the
researcher tried to find out share of top competitors and analyzed the overall growth of U-PVC market.
To analyze the fabrication process of doors and windows each and every steps related with respective
machines were observed. The work flow pattern along with the quality maintaining activities were
observed. For finding the differences some of the fabricators were observed and analyzed.
31

Un-Plasticized Polyvinyl Chloride and its Growth on Nepalese Market

The data were collected through the direct visit and informal discussions regarding the topics with the
related officials also proved beneficial for the project. Our primary data source, qualitative data, was
applied because of its strength in exploring a research area that previously has not been broadly
researched and to increase the reliability of the research conclusions. Qualitative primary data had
collected with the aim of gathering the essential data to analyze and present a comprehend side view of
the incentive, the actors, the relationship between the actors and the charging infrastructure challenges.
Following methods had been adopted to collect the data required:
Data, journals and reports were consulted and surveyed in order to know more about the topic.
Fabrication along with comparatively response of customers was thoroughly observed and studied.
The secondary data are complements to the primary data, in order to find similarities and differences, and
serve as additional contributions to certain issues of interest. A usage of a wide variety of reports,
academic papers, books, customer surveys, media and press releases constitute our secondary data. We
utilized these to create an overview of existing literature about U-PVC, the growth on market, the
opportunities that seems for its expansion in markets, the technical variation as compared with other
materials. In a nut shell, the following activities were done: Study of books and articles along with visits
of websites and electronic documents.
3.2. DESIGN
The steps that was followed during the research is as below.

Figure 1: Block diagram of research process
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4. CASE STUDY
4.1. COMPARATIVE PERFORMANCE OBSERVATION
In the window and door frame market, the materials that are highly consumed are Wood, Aluminum and
U-PVC. They are consumed either for residential purposes or for commercial purposes. In that purposes,
they might be used either for new installation or for improvement and repair. While using them, we
should be clear about their functions so that we can make a better choice.
Table 1: Comparative Performance of Different Profiles
SN

1.

2.

3.
4.

5.
6.

7.
8.

9.

10.

Activities
Price
(same area and
same
thickness)

U-PVC Profiles

Aluminum Profiles

Cheaper
(on average of Rs.580
per sq.ft)

Expensive compared to UPVC (on average of Rs.800
per sq.ft)

Tensile
Strength and
durability

Less as compared to
aluminum
(62 Mega Pascal)

Maximum if quality is good
(92 Mega Pascal)

Operation

Smoothly without
making noise

Make more noise

Expansion and
contraction

Remains stable

Very high thermal coefficient, leads to distortion
if not installed properly

Wood Profiles
Most expensive
(on average of
Rs.1500 per sq.ft
without labor cost)
Moderate in strength
but durability can’t be
confirmed (on avg. of
60Mpa)
Not smooth and make
noises
Absorb moisture
Expand and contract
Distortion and gaps

Energy at the
time of
production

Eco friendly
Consume less energy

Large amount of energy
7.5 times of U-PVC

Less as compared to
aluminum

Termite
resistances

Completely termite
resistances

Completely termite
resistances

Prone to termite
Should be coated with
protective layers

Ecofriendliness

Eco-friendly

Eco-friendly

Causes deforestation

Separation of hardware
from profiles is difficult

Separation is quite
difficult

Prone to oxidation and
susceptible to corrosion

Don’t rust / Corrode

Powder coated / anodized
can discolor

Start fading very soon
Require constant repolishing

Waste disposal
Resistance to
corrosion
UV resistance

Up to 99% U-PVC
can be separated and
disposed
Don’t rust or corrode
due to inherent
material character
Special UV resistant
blend
Don’t fade
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11.

Fire protection

Self-extinguishing
and don’t propagate
fire
Allow easy escape as
glass can be easily
pushed out

Very high melting
temperature

Catch fire easily

Don’t assist in easily break
away

Fire is high as it
catches fire

Light weight

Light weight

Heavy weight
Require paint or
Polishing
Aesthetically pleasing
But required more
effort
Better than aluminum
but less sound proof
than U-PVC
(17db to 28db)

12.

Fire escape

13.

Weight

14.

Finishing

Doesn’t require finish
or polish

Require powder coating or
anodizing

15.

Aesthetics

Bulky and unsightly
Plastic look

Slimmer, clean and minimal
look

Comparatively very
high sound proofing,
Reduction between
(33db and 43db)

Comparatively low sound
proof
Can reduce between (10db
to 20db)

Low scrap value
(Rs.33 per kg)

High Scrap value
(Rs. 60 per kg)

Doesn’t swell

Water with higher pH can
attack

16.

17.

18.

19.

20.
21.
22.
23.

24.

Sound
insulation

Scrap value

Effect of
moisture

Very low scrap value
(Rs. 15 per kg)
Absorbs water and
expands
Difficult to shut down

Weather
Condition

Can be used in allweather condition

Recycling

Can be recycled for
more than 10 times

Can be used in extreme
weather condition but if the
powder coating gets
damaged they may get
corroded
Can be recycled almost
forever

Security

Pretty secured

Pretty secured

Life span

40- 50 years

50 years +

Can be recycled with
certain limitation
Vulnerable to force if
they degrade
30+

No painting only
routine cleaning

May require maintenance
over long usage period

Need regular painting
and polishing

Superior thermal
insulation (U value
between 1.5 to 1.7
W/m2 k)

Thermally in-efficient,
Heat can pass
(U value 250 W/m2 k)

Thermal insulation
but air gaps creates
heat passes

Low
maintenance
Thermal
insulation
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4.2. ANALYSIS OF PAST YEARS GROWTH OF CERTAIN COMPANY
Collecting the past product delivery report of a specified company, following findings were observed.
Table 2: Product Delivery Report of Year (2073/2074)
SN
1

Month
Shrawn

Delivered Product in sq. feet
2907.79

2

Bhadra

3825.15

3

Ashwin

2744.84

4

Kartik

2607.89

5

Mangsir

3309.14

6

Poush

3002.62

7

Magh

2206.93

8

Falgun

6317.87

9

Chaitra

2615.35

10

Baishakh

4318.77

11

Jestha

5026.82

12

Asadh

3195.39

Total

42078.56

Figure 2: Chart of Monthly Report (2073/2074)
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Figure 3: Bar diagram of monthly production (2073/2074)
Table 3: Product Delivery Report of Year (2074/2075)
SN

MONTH

DELIVERED PRODUCT IN SQ. FEET

1

SHRAWN

4790.13

2

BHADRA

551.56

3

ASHWIN

3343.11

4

KARTIK

3866.92

5

MANGSIR

3000

6

POUSH

1042.18

7

MAGH

4221.18

8

FALGUN

6364.45

9

CHAITRA

6402.54

10

BAISHAKH

5179.84

11

JESTHA

8825.56

12

ASADH

8048.08

TOTAL

62365.55
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Figure 4: Chart of Monthly Report (2074/2075)

Figure 5: Bar diagram of Monthly Production (2074/2075)
Table 4: Product deliver report of year (2075/2076)
SN
MONTH
DELIVERED PRODUCT IN SQ. FEET
1
SHRAWN
7049.04
2
BHADRA
8335.49
3
ASHWIN
6565.84
4
KARTIK
5256.62
5
MANGSIR
7143.08
6
7
8
9
10
11
12
TOTAL

POUSH
MAGH
FALGUN
CHAITRA
BAISHAKH
JESTHA
ASADH

7870.05
6133.11
5166.14
6834.83
7560.67
8685.9
9329.15
84929.92
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Figure 6: Chart of monthly report (2075/2076)

Figure 7: Bar diagram of monthly production (2075/2076)
5. RESULTS AND DISCUSSION
5.1. RESULTS
From the study of various research paper along with the literature review and various activities that are
performed while completing this research we came to know about the U-PVC profiles, its manufacturing,
fabricating process. From the market study we are able to understand the requirement for the new entrant
in the U-PVC market along with the technical knowledge of U-PVC. Also by the glance on performance
comparison, we are able to select the profile materials either U-PVC, aluminum or wood materials as per
our needs. Also the major fabricators and industries that are engaging on U-PVC works can find out the
tentative target competing the players in the markets. Observing the market data, we can analysis the
remarkable growth.
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5.2. DISCUSSION
The various topics related to the extruding and fabricating process are discussed. On observing the
Nepalese market, various data related to the growth of U-PVC as people are shifting their mind towards
the U-PVC replacing aluminum and woods. We find the result of remarkable growth along with we can
have the predicated result of some years which shows the growth of U-PVC market. The following table
can be in the support of our result.
Table 5: Yearly Report
SN

YEAR

DELIVERED PRODUCT IN SQ. FEET

1

2071/2072

28486.45

2

2072/2073

32586.32

3

2073/2074

42078.56

4

2074/2075

62635.55

5

2075/2076

84929.15

6

2076/2077

93026

7

2077/2078

107313.8

Figure 9: Bar diagram of yearly production

Figure 8: Chart of Yearly Report

In an overall view, average growth rate per year on U-PVC market is found to be on an average of 25%.
6. CONCLUSIONS AND RECOMMENDATIONS
6.1. CONCLUSION
Though the various materials are using as doors and windows profiles, the commonly used are wood,
aluminum and U-PVC. They all have their own pros and cons. They are used as per their requirements.
On the context of energy saving mode along with overall view, U-PVC is found to be more suitable. U39
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PVC manufacturing process along with fabrication process are also observed as per the objectives.
Various competitors are competing in the market among which around 10 of them have already
established their name in this market. Analyzing the product delivery report of specified company, it can
be concluded that the U-PVC market is flourishing day by day.
6.2. RECOMMENDATIONS
During the research we have found various field where we can have certain changes along with
adaptation. Some of the recommendations that we want to put forward are as below.
6.2.1. Trained marketing officers
In most of the industries, they are not having properly trained marketing officers because of which their
organization name, product and service they are providing are unheard by the consumers (people). So
they should be able to spread their information widely.
6.2.2. Commission or incentives facilities
Observing the market those which are preferring certain incentives or commission to the concerned
people are able to get the bigger projects else most of them are engaged on residential purposes only. If
such schemes are made, company profile will be advertise among the normal people with the return back
of more target meeting projects.
6.2.3. Timely communication with customers
Communicating the customers time to time establish a caring relation of organization towards the
customer. It establishes the positive image of the company and consumer will recommend their friends
too for our hospitality.
6.2.4. Quality products
On providing the product, factories should focused on quality. Providing the goods at low cost without
maintaining the quality will decrease the company fame in the market which directly hamper their share
value.
6.2.5. Branch offices
By analyzing the peoples view, factories should be able to establish their branches at appropriate
locations to serve the consumer. This enhances the overall production as well as make the market holding
power stronger.
6.2.6. Policies
Various fabricators are entering in the market but the policies related to the U-PVC within our country
doesn’t seems to be practiced. So, to enhance the overall country consumption, all the fabricators should
be under one organization, make certain policies and should implement and follow them strictly.
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ABSTRACT
This research was carried out to compare turbidity removal efficiency of anthracite up flow roughing
filter (RF) model to gravel RF model at different flow rates. Two identical filter columns with
(230*230*1570) mm3 in internal dimensions were operated at same time. Same grain size (2 - 4.75) and
(4.75 - 9.5) mm were used in gravel model and anthracite model. All the sizes were achieved by properly
sieving through standard sieve sizes (2, 4.75, 9.5, 12.5 and 25 mm). The study involved measuring
turbidity every 2 hours and head loss once a day. Filter models were operated around 200 NTU influent
turbidity until maximum allowable head loss was reached. Three sets of experiments were carried at
filtration rate of .0.5 to 1.5 m/h. Anthracite model was 2.07% more efficient in terms of turbidity removal.
Increasing filtration rate from 0.5 to 1.5 m/h, the effluent turbidity in gravel model increased from 24.44
to 33.52 NTU whereas that in anthracite model increased from 21.48 to 28.02 NTU and removal
efficiency in anthracite model decreased from 89 to 86% while in gravel model decreased from 88 to
84%. Thus, it can be concluded that anthracite model was highly significant to removal turbidity and
less affected by the flow rate change in case of efficiency. Thus, this cost-effective method can be used
in context of Nepal as well.
Keywords: Anthracite and Gravel; Efficiency; Roughing filter; Turbidity
1.

INTRODUCTION

Turbidity removal has been identified as the major problem in community water supply schemes where
different water sources such as ground water, streams or river are used as a source of supply.
Furthermore, growing deforestation in most of the catchments has amplified the landslides and soil
erosion like disaster tremendously, thereby causing highly turbid water flow in streams and rivers. Some
of the study has suggested that the treated water turbidity should be less than 0.1 NTU prior to
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chlorination [13]. High residual turbidity in the treated water would promote the re-growth of pathogens
in the distribution system. Nepal Drinking Water Quality Standards (NDWQS) fixes the range of
turbidity within 5 NTU in normal condition and 10 NTU when other sources are not available [10].
Depending on the sources of water the various impurities can be classified as suspended, colloidal and
dissolved impurities depending on their characteristics. Mostly, the major problems in various water
sources are high suspended solids, high turbidity, coliforms bacteria, agricultural runoff [10].
Aesthetically and chemically, higher turbidity is one of the major impurities present in surface water.
Roughing filtration (RF) has been identified as one of the most probable systems for the pre-treatment
of water. Similar kind of study related to RF technique has shown that it is one of the most effective and
reliable technique for removing suspended solids, turbidity and coliform bacteria [8, 11]. RF delivers
superior treatment to plain sedimentation methods for suspensions with particulates that do not freely
settle and denotes an attractive alternative to more costly conventional coagulation methods [9]. RF is
primarily used to separate the water from the fine solids that are only partly retained, or not at all, by
stilling basins or sedimentation tanks. The “1/3 – 2/3” filter theory as defined by Wegelin (1986, 1996)
is a fundamental theory for RF. By logic and experience, a particle in water can evade a sand grain either
on the left or on the right or settle on its surface. Hence the possibility to fall on the grain (success of
removal) is 1/3 and 2/3 chance of failure of removal [6]. Sedimentation take place when the unit weight
of particle is greater than that of water and it’s settling velocity causes the particle to deviate from the
flow path and settle onto the media surface.
Filtration of water using granulated material like sand is commonly applied water treatment process.
Other frequently, used granular media for water filtration consists of anthracite coal, sand and limonite
[5]. Similarly, some other studies performed using different types of media such as ceramic media, gravel
and Charcoal, plastic filter media has also been performed [8, 14 and 11]. According to R.C. Joshi,
(2017) [12], top layer of media if replaced with anthracite have been shown of performing better than
that of gravel media alone in other filters. Low uniformity coefficient of anthracite naturally yields
consistent improvements in turbidity removal, due in part to more efficient solids loading. Low
uniformity coefficient of anthracite chips also produces smaller changes in effluent turbidity during
periods of peak influent turbidity. This awakened a strong interest in studying the performance of
anthracite media on RF and to see how much variation in turbidity removal it makes in comparison to
gravel media.
2.

OBJECTIVES

The general objective of this study was to study the turbidity removal efficiency of anthracite media.
Furthermore, the removal efficiency was also compared for anthracite and gravel media for varying flow
rates.
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3.

MATERIAL AND METHODS

3.1. BENCH SCALE EXPERIMENTAL SETUP
Two identical RF model were constructed using fibre glass material having internal dimensions of
230mm x 230mm x 1570mm. The laboratory models consist of clear water tank of 1000 litre capacity
and a mixing tank (constant head tank) of 200 litre capacity. Raw turbid water flows from clear water
tank to mixing tank through 20 mm diameter pipe. After sustaining constant head, the water passes
through the inlet of both models established with appropriate ball valves and sampling ports. Schematic
diagram of filter models is presented in Figure 1, Figure 2, Figure 3 and Figure 4, respectively.

Figure 1: Schematic diagram of filter model setup

Figure 2: Schematic diagram of filter model setup

Figure 3: Filter column

Figure 4: Sieving of anthracite coal

The detail of different media used in model was shown in Table 1. Filter media for this study had size
between 9.5- and 2 mm diameter and required size was obtained by properly sieving. Both media were
washed three times for removing mud and other organics attached with the media. All the sizes were
achieved by properly sieving through standard sieve sizes (2, 4.75, 9.5, 12.5 and 25 mm). Thus, the base
material aggregates used were of size ranging from 12.5 - 25 mm of 16 cm depth. Filter media used in
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gravel model consist of 2 - 4.75 and 4.75 - 9.5 mm diameter gravel and that was used in anthracite model
consists of 2 - 4.75 and 4.75 - 9.5 mm anthracite chips. Gate valves of 20 mm diameter were used before
the inlet zone in both models to control flow. There were 6 no of sampling ports on both models
excluding outlet ports placed 20 cm c/c in vertical direction and operated using 20 mm ball valves.
Piezometer was connected in both models at separation of each layer of media to measure head loss
occurred during operation. First sampling port was placed 16 cm above the base of filter and all others
were placed at interval of 20 cm. 10 cm of clear water level was maintained in the RF and outlet was
placed 10 cm above upper media.
Table 1: Different media used in model
S.No.
Category
1
Media I
2
Media II
3
Base material

Filter media size (mm)
4.75 – 9.5
2 – 4.75
12.5 – 25

Filter media depth (mm)
600
600
160

3.2. OPERATION AND TEST PROCEDURE
The filtration rate was kept constant during each cycle which was obtained from the outlet discharge and
the flow area. Operating in high rate causes poor effluent quality as well as a risk of turbidity
breakthrough whereas low filtration rate increases the cost of production. Uniform turbidity of around
200 NTU was tried to maintain throughout the experiment, however it was difficult manually to do so.
Hence a range from 150 NTU to 250 NTU was maintained to ensure uniformity throughout the
experiment. Two sets of the experiment were done at the rate 0.5 m/ h for ground water and 1m/h for
artificial turbid water. In order to obtain desired rate, flow rate from constant head is controlled from
gate valve and same rate is maintained on both the models using measuring cylinder and stopwatch.
Three sets of the experiment were done at the rate 0.5 m/h, 1m/h and 1.5 m/h for artificial turbid water.
During the first run, both models were operated at 0.5 m/h flow rate and made to flow with natural
ground water from tube well. Data were taken initially twice a day and consistency was maintained.
After first cycle, prepared turbid water was made to run on both models at same flow rate of 1.0 m/h and
sampling was done every two hours. Sampling was done only after 15 seconds, to pass away accumulated
solids at nozzle. Valves were opened slowly and drop wise sampling was done so as not to disturb the
flow. The samples were collected in 100 ml bottles. Bottles were appropriately numbered, and sampling
was done from both models at same time to maintain the same condition. Nephelometric turbidity meter
manufactured by Lutron Electronic Enterprise Co. Ltd. was used for the study. Section 2130 B, Standard
Methods [1] was followed while measuring turbidity.

3.3. ANALYTICAL METHOD
Removal efficiency (%) =

𝐶0−𝐶
𝐶0

x100%

Where, C0 = initial turbidity concentration and C= Final turbidity concentration after filtration.

45

(1)

A Comparative Study of Water Turbidity Removal Efficiency of Anthracite and Gravel in Roughing Filter

4.

RESULTS:

4.1. EFFLUENT CHARACTERISTICS AT DIFFERENT FLOWS
Three filter runs with loading of 0.5m/h,1m/h and 1.5 m/h for artificial turbid water were accompanied.
The regression analysis, influent and effluent turbidity obtained by both filters at these flow rates are
shown in Figure 4 (a), (b) and (c). From the results, it can be observed that the effluent turbidity was
decreased with increase in filter run hours. Comparing the outlet turbidity from both models at various
flow rates from 0.5m/h to 1.5m/h, the effluent turbidity from the outlet port was reduced in every flow
rates from the model that had anthracite as filter media than that with gravels. At 0.5 m/h filter operation,
the effluent turbidity was reduced by 67.5% in anthracite model and 60.8% in the gravel model as shown
in Figure 3 (a). Similarly, at 1.5m/h filter operation, the effluent turbidity decreased by 75.69% in gravel
model whereas it decreased by 75.47% in the anthracite model as shown in Figure 3 (c). With increasing
flow rate, although the filtrate quantity was increased but there was decline in removal of turbidity by
both filters, however running both model at high filtration rate causes early clogging which eventually
affected the frequency of cleaning the media.
The regression analysis performed for different filter run time at 0.5 m/h, 1 m/h and 1.5 m/h were
analyzed. Which showed that anthracite model statistically significant (p<0.5) observed by higher R2
(0.941, 0.76 and 0.94), respectively.

(a) Turbidity Vs. Filter run time for synthetic water at 0.5 m/h

(b) Turbidity Vs. Filter run time for synthetic water at 1 m/h
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(c) Turbidity Vs. Filter run time for synthetic water at 1.5 m/h
Figure 4: Turbidity vs. Filter run time for different flow rates
While increasing the filtration rate from 0.5 to 1.5 m/h separately in different phases of filter run, removal
efficiency in anthracite model decreased from 89 to 86% while in gravel model decreased from 88 to 84
%. For a given head loss, it was observed that efficiency of the filter depended on influent turbidity and
hydraulic flow rate. The time of termination of filter run was decided on the basis of terminal head loss
surpassing certain specified maximum head loss (Kansakar, 2018). Filter run hour was decreased with
increase in the flow rate. In all the repetitions, with changing flow rate, the gravel filter exceeded the
termination time of anthracite filter. In whole experiment, Anthracite model surpassed the gravel model
by about 2.07 percentages in terms of turbidity removal i.e. 4.19 NTU.
Optimum filtration rate is that rate which results in maximum volume of filtrate per unit filter area while
achieving acceptable quality of effluent turbidity. While increasing filtration rate from 0.5 to 1.5 m/h,
the effluent turbidity in gravel model increased from 24.44 to 33.52 NTU whereas that in anthracite
model increased from 21.48 to 28.02 NTU in average. RF is used as pretreatment unit before slow sand
filter for which the permissible turbidity is about 30 NTU, anthracite model can be operated up to 1.5
m/h whereas gravel mode can be operated up to 1 m/h for influent turbidity around 200 NTU.
Depth of filter media required to reduce turbidity to desired level is directly proportional to the filtration
rate. A full length of 120 cm of media reduced 200 NTU influent turbidity to 21.48 and 24.44, 25.27 and
28.95 and 28.02 and 33.52 NTU in average at outlet in anthracite and gravel model at 0.5, 1 and 1.5 m/h
respectively. it has been concluded that Anthracite model was more significant compared to gravel model
by about 2.07 percentages in terms of turbidity removal i.e. 4.19 NTU. Turbidity removal efficiency
decreases with increase in filtration rate. While increasing the filtration rate from 0.5 to 1.5 m/h
separately in different phases of filter run, removal efficiency in anthracite model decreased from 89 to
86% while in gravel model decreased from 88 to 84 %. With constant influent turbidity, effluent turbidity
increases with increase in filtration rate. While increasing filtration rate from 0.5 to 1.5 m/h, the effluent
turbidity in gravel model increased from 24.44 to 33.52 NTU whereas that in anthracite model increased
from 21.48 to 28.02 NTU. As the roughing filter is used as pretreatment unit before slow sand filter for
which the permissible turbidity is about 30 NTU, anthracite model can be operated up to 1.5 m/h whereas
gravel mode can be operated up to 1 m/h for influent turbidity around 200 NTU.
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5.

DISCUSSION

From the above result, the removal efficiency of anthracite model was higher compared to gravel model
at different flow rate of 0.5 m/h and 1.5 m/h. The low filtration rate implies longer detention time of
water within the media layer eventually leading to the better removal efficiency. However, in later cases
higher removal efficiency was achieved due to maturation of filter bed thereby leading to higher turbidity
removal [2]. The anthracite model was significant to remove turbidity compared to gravel model due to
fact that that the media shape was significant for sedimentation, absorption and adsorption of suspended
solids (SS) pollutant removal causing turbidity was significantly removed by anthracite [11]. In addition,
the higher specific area and porosity than gravel also lead to the higher removal efficiency. For the
identical media depth, the removal efficiency of anthracite was decreased from 89 to 86% thereby
increasing filtration rate 0.5 to 1.5 m/h, range is lower compared to gravel media. Thus, the effect of
change in filtration rate was less significant in anthracite model compared to the gravel model.
Furthermore, some other studies also observed similar type of result decrement was within the range [2,
11,14 and 8].
6.

CONCLUSION

This research was aimed to perform relative study of RF using sand and anthracite to determine the
effectiveness of anthracite and gravel media in turbidity removal and its comparison during different
filtration rate. From the result and discussion, Anthracite model was more significant compared to gravel
model. In addition, the turbidity removal efficiency of RF was decreased thereby increasing filtration
rate whereas with constant influent turbidity, effluent turbidity was increase with increase in filtration
rate. Thus, anthracite model and gravel model can be operated efficiently at 1.5 m/h and 1 m/h,
respectively. For economical use, Anthracite model can be operated up to 1m/h. Finally, it can be
concluded that in context of Nepal, this technique can be highly applicable as a pretreatment to treat
highly turbid water from small streams and river.
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ABSTRACT
Stone spouts of LMC can be classified according to the water availability. Out of sixty-one stone spouts,
only twelve numbers of stone spouts were effectively running up to 2006. These are Manga Hiti, Iku
Hiti, Sincha Hiti, Haku Hiti, Konti Hiti, Alko Hiti, Chyasa Hiti, Sundhara, Tapa Hiti(a), Wasa Hiti,
Tanga Hiti and Shova Hiti. These stone spouts are considered as good type according to availability of
water. Remaining out of fourty- nine stone spouts thirty-four are less effective i.e average type and fifteen
are dried up and not exist up to 2006. Comparing different scenarios and results from user’s survey in
2006 and 2019 it is found that yield capacity of every stone spout is being reduced every year and also
dried up which we consider good type stone spouts like sundhara patan. Out of sixty-one stone spouts
more than fourty stone spurts are almost dried up. This shows the immediate restoration requires for
preservation of water from stone spouts.
Keywords: Lalitpur Metropolitan City (LMC), Nepal Water Supply Corporation (NWSC), Stone
Spouts, Users Survey, Water Demand

1.

INTRODUCTION

The early settlement appears in the valley had started around 7th century BC. Lalitpur metropolitan city
(LMC) is the city area under Lalitpur district in Kathmandu valley. In LMC, there are basically two
water supply systems to the water demand of its population, i.e. traditional water supply and piped water
supply. Patan’s large-scale traditional water supply system of network of canals (Rajkulo), which could
have connected the city’s Hitis (Dhungedhara), wells and ponds from sources at the edge of the valley’s
floor for continuous supply and recharging, water holes and deep wells (Inara) providing a
supplementary layer of hundreds of small-scale water sources for the city, probably from a very early
date[1]. According to a record at LMC, there are 61 stone spouts and 25 major ponds in the city, majority
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of which are concentrated in the traditional core area [3]. According to Nepal Water Supply Corporation
(NWSC), the modern-day piped water supply system in LMC has two sources at Sainbu reservoir and
next Chapagaon reservoir. Sainbu Reservoir is located at Sainbu Bhaisepati at the south of the city. There
are two reservoir each capacity 2700 cu.m. It collects water from surface runoff from Satmool intake,
Sesh Narayan intake and Kuturi intake.It is said to collect ground water through deep tube wells in
Pharping during dry season. The total yield is 22 mld in wet season and 16 mld in dry season. It is the
main source of bulk of the municipality area. The Chapagaon Reservoir is located at Chapagaon. It has
two reservoirs located at Tahakhel-old and new-each has capacity of 500 cu.m. These reservoirs collect
water from surface runoff from Naidu khola, Deaki spring, Basuki spring. It also collects water from
Muidole pump house and Charghare pumped house [1-3]. The total yield is 10 mld in wet season and
6mld in dry season. It is also important source of municipal water source. This piped network supplies
32 million liters per day of water in wet season and 22 million liters per day in dry season, while the
total demand is greater than 45 million liter per day [5].

Figure 1: Iku Hiti, Dhobighat

Figure 2: Sundhara, Patan

City water supply system was established by Rana Prime Minister Bir Shumsher in 1895 A.D. by
implementing two schemes mainly Tri Bhim Dhara Scheme in the north-west and Bir Dhara Scheme in
the north. Under the first and second schemes seven and two surface sources were tapped respectively
and water was diverted to a number of collecting points for treatment and short-term storage in service
reservoirs before supplying to the people of Kathmandu. Also, in the same year Kharipati Scheme was
introduced in Bhaktapur. Doodh Pokhari scheme for Lalitpur was however implemented only in 1904
A.D. [1-4]
Valley water supply system was gradually expanded in 1960 when water from the tailrace of Sundarijal
Power Plant was tapped and supplied to the people of Kathmandu after treatment in a treatment plant of
20.50 MLD capacity. To properly address the need of increasing population, HMG in 1973 created a
separate entity known as "Water Supply and Sewerage Board". The same Board was later on converted
into present Nepal Water Supply Corporation [5].
With the introduction of World Bank Projects (1974 A.D. to 1981 A.D.), valley water supply system
was further expanded to many parts of the city by tapping more surface sources like Sat Mools (Seven
springs) and Kutori Mools located in the south of the valley and by extracting ground water sources from
various part of the valley mainly in the north. With the increase in the population and subsequently in
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the water demand, more deep tube wells were dug and more surface sources were tapped to ease the
water supply situation in the valley [5].
Because of the continuous water deficit in the supply system, Melamchi concept was bought into the
surface in 1988 A.D. through a pre-feasibility study. The project, which was officially targeted to be
completed in 2004, could not be completed in time due to several reasons. HMG has put another target
to complete it in 2009 and then 2020, but the concerned officials are still doubtful with regard to new
the completion date

2.

STATEMENT OF THE PROBLEM

When the piped water supply network was introduced in the city (from 2031 B.S.) the traditional sources
were not maintained as required. However, the NWSC piped water supply was also not able to meet the
rising demand and now the people of Lalitpur are facing a severe water crisis. This has now led to the
revival of awareness among people to upkeep of the traditional sources and most people near such stone
spouts depend more on these sources than the piped supply.

3.

METHODOLOGY

To measure the contribution of stone spout, a structured questionnaire was used to interview randomly
selected respondents. The stone spout in LMC was categorized into four categories based on the present
status of operation and using the information collected from the Key Informant Survey. Among four
category one category i.e. stone spouts of dried up and not exists was not involving for users survey due
to lack of users. Stone spouts were randomly selected from each category to cover the user’s survey.
Respondents will be selected by random sampling to ensure that the survey has a representative sample
and sufficient statistical validation in explanatory variables such as water source usages, purpose of water
usages and socio-economic profiles. The effective sample size is around 10% of user group in the
selected stone spout area.
Data analysis was started after processing field data. Analysis mainly based on the respondents’
response.

4.

RESULTS AND DISCUSSION

Users’ survey was conducted in 2006 for four stone spouts. Out of them, Iku Hiti and Patan Sundhara
are good type of stone spout. Similarly, Sauga Hiti and Maka Hiti are less effective and and dried up
type, respectively.The public water consumption patterns are different for each stone spout. In the case
of Iku hiti average per capita water consumption from the stone spout source is 28 lpcd, while per capita
water consuming from all available sources is 49 lpcd. .In case of Patan Sundhara average per capita
water used from the stone spout source is 27 lpcd and from all available sources including stone spout
source is 30 lpcd..Sauga Hiti is less effective type of stone spout and per capita water consumption from
the stone spout source is 23 lpcd, while total use from all available sources including stone spout is 29
lpcd. In the case of Maka Hiti, average per capita water consumption from stone spout is only 8 lpcd but
total per capita consumption from all available sources is 32 lpcd.From the above findings, it can be
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concluded that the public water consumption rate is poor in all cases and do not meet the minimum
standards.
Users’ survey was conducted in 2019 for four stone spouts. Out of them, Iku Hiti is effectively
discharging water up to till date throughout the year which can be seen in figure but Patan Sundhara is
not functioning effective. It discharging water effectively only four months (July to October). Remaining
eight months sundhara is completely dried up which is shown in figure. Similarly, Sauga Hiti and Maka
Hiti both are equivalent to dried up. Maximum consumption rate from stone spout water in LMC area is
20 lpcd in case of good type of stone spout area and minimum of 10 lpcd in case of average type of stone
spouts. Socio economic parameters show all categories i.e. both economically strong as well as poor
people using stone spouts water.Yield capacity of every stone spout is being reduced every year and
more than fourty stone spourts are almost dried up. This shows the immediate restoration for preservation
of water from stone spouts.

5.

CONCLUSIONS

Comparing different scenarios and results from user’s survey in 2007 and 2019 it is found that yield
capacity of every stone spout is being reduced every year and out of sixty-one stone spouts more than
fourty stone spurts are almost dried up. This shows the immediate restoration requires for preservation
of water from stone spouts. Especially in core area of LMC there was huge water crises for subsistence
of people. Therefore, it is urgent to restoration. The possible restoration of stone spouts flow may be
artificial recharge of large no of traditional ponds as well as clearing of inlet and outlet of underground
drainages pipes which maintain flow for stone spouts.
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ABSTRACT
Application of smaller stress lesser than ultimate capacity at the repeated number of cycles to the
concrete and Gender "sudden death" i.e. hearth attack in terms of damage is occurred called "Fatigue".
Unequal Pay, Interview questions, Diminished responsibilities, Restrooms, Conversations, Glass
Ceilings, Political bias, Terminations, Outdated views, Sexual Harassments, the main causes of gender
fatigue in terms of compassion fatigue were compared to the general fatigue in concrete are well
described in this paper from the stone age to till age, the dominant character as diligent shaker in the
second world war was created the female gender fatigue such as the nuclei-propagation of microdefects,
microvoids and fractal of rendered concrete in conjunction with more compliant are well discussed in
comparative way. The product of service life along performance with environmental impact refers the
degree of sustainability is well discussed by comparing the fatigue in terms of gender and concrete
structure in different manners and hypothesis seems the much correlated results are validated by
Microdefects, microvoids in concrete as Dalit, Dorry, Dahej, Daridra, Dar, Danger, Dominant, Dom,
Dard, Dakait, Damai, Disadvantages Groups, Disable Group, Deaf, Disability etc. the majority of Nepali
words and indicator of UN SDG's Viruses.
Keywords: Concrete, Fatigue, Gender, Hearth Attack, Nuclei-propagation, Sudden Death
1.

INTRODUCTION

Fatigue is defined as the dominant failure characteristic of concrete structures under different cyclic
loading which are the major causes for creation of damage and degradation of material property [1]. The
foundation to predict abrupt material failure, fatigue strength of the plain cement concrete under serious
service control was developed by author [2]. Based on the double bounding surface approach of damage
mechanics, cyclic loaded prone structures such as bridges; highway pavements and dams which are
subjected to uniaxial alternate tension-compression fatigue loading, a constitutive damage model was
matured by Lu P. et. Al. [3] and for gradual material degradation of longitudinal modulus along
progressive creep strains, as brittle cracking and nonlinear creep which are two components for model
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development of cyclic loading, a fatigue model was proposed by author [4]. Fatigue Tests on concrete
cylinders for residual strengths and secant fatigue modulus with an increment of fatigue loading cycles,
a damage model for the estimation of failure cycles with secondary strain rates of S-N Curves that alters
the capacity for predictions of strength and stiffness degradations during entire process of fatigue life,
mainly not consigned with the recent theories of continuum damage mechanics, that was accepted as a
brittle solids model tools described in the research [5]. Microdefects, microvoids and fractal which are
the main causes for the degradation of Young's modulus of elasticity in fatigue process was reported by
Gao et.al [6]. Cyclic strain, the indicator of irreversible fatigue life, cyclic creep, and fatigue range that
is higher than monotonic state strain and accumulated ultimate and plastic strains after each cycle before
rupture, are dependent on the applied fatigue loading cycles of the concrete materials [7]. Thus, the
mechanical behaviour of ordinary-reinforced concrete under cyclic loading is governed by microdefects
like kinetics of the microstructure of the concrete materials and its life is dependent on the ranges of
applied maximum stress and its ranges [8]. Nucleation, interaction and multi-microdefects growth that
is the scenario of failure of concrete materials and cycles is inversely related to the applied stress. The
model under such phenomenon is developed under bi-axial compression using bounding surface
approach [9]. Anisotropic elastic degradation, strength reduction and increment of inelastic strain that
are the main resources of the fatigue failures, a stress-based model having long computational time and
large data storage even in a simple finite element analysis model was developed by author [10].
On the application of large number of loading cycles leading to sudden rupture or "sudden deadth" of
the concrete materials, residual strength, elastic stiffness, fatigue loading that influences its capacity, the
strain level notably greater than failure strain occurred in the monotonic loading state was widely
described [11]. More comprehensive and rational extension of works [11] had developed in the form of
anisotropic fatigue model for concrete materials [12] and further extension as strain space formulation
of continuum damage mechanics [13], along with widely extension in order to capture the stiffness
degradation, strength reduction, a functional fatigue damage model regarding reduction and softening of
the concrete material was well developed [14] that had attributed through complex degradation of
mechanics for steel and concrete composites in fatigue damage process [15]. Fully accountable for
fatigue damage mechanisms, concrete integrity deterioration, irreversible strain accumulation, and
reinforcement crack growth incorporated into the constitutive models, compatibility equilibrium
equations of the Disturbed Stress Field Model (DSFM), analysis algorithm to predict the fatigue residual
capacity of the structural element regarding fatigue life are described by authors [16].
Fatigue model for all kinds of concrete like ordinary, lightweight, high strength, fiber reinforced in
tension-compression, torsional, bending either uniaxial or multiaxial as a complex phenomenon, cubical
polynomial curve fittings taking correlation coefficients above than 0.937 has well developed by Y.-B.
Chen Et. Al [17]. Logarithmic of maximum strain rates with continual loading for second phase of the
concrete in frazzle was proposed by author [18] with index formula connected to concrete fatigue strain
fitting curve [19] with employment of verification tools through the experimental results [20]. Growth
of Microcracks, inelastic flow with small amplitude of cyclic loading, that is unable to take guarantee of
endurance limit like metal was well developed by author [21] in conjunction to damage model. Based
on the mechanics of composite materials, the permanent damage failure for ordinary concrete in
compression fatigue loading with cycle and time dependent, concept of dual nature model was well
established by author [22]. Another, Cumulative fatigue damage analysis related to accelerated
pavement testing was performed by author [23] along with experimental result for validation of model
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has taken from the research investigation of author [24] that illustrates, the occurance of fatigue damage
in concrete is about 20% of its fatigue life. Thus, based on this fact, theoritical model was presented for
the prediction of sap of concrete materials during tension-compression, the altered fatigue loading with
employment of double bounding surface approach making on assumption of strain-energy released rate
for optimum construction of damage-effective tensor [25] and researched theoritical and practical
damage frazzle constitutive model, dominant microstructural patterns, inelastic flow, microcracking
natures, nuecli-propagation of fractal, degradation of Young's modulus of elasticity, the vital materials
features for discovery of mechanical behavior of concrete under monotonic cyclic loading was well
discussed by authors [26], [27], [28], [29], [30], [31], [32], [33], [34], [35], [36], [37], [38] and [39].
The locus of point on damage surface extended to failure surface for providing the strain at any cycles,
a cumulative inelastic parameter for capturing the plastic strain, its accumulation to the normalized life,
degradation of Young's modulus, strength reductions and permanent deformation formulation in the
frazzle environment as a damage model is proposed in this paper for new concrete material fatigue
prescriptions.
Gender equality-sexual equality or equality of the sexes, is the state of equal ease of access to resources
and opportunities regardless of gender, including economic participation and decision-making; and the
state of valuing different behaviors, aspirations and needs equally, regardless of gender. Gender equality
is the goal achieved through gender neutrality help in achieving the goal. Gender equality is strongly
tied to women's rights, and often requires policy changes. As of 2017, the global movement for gender
equality has not incorporated the proposition of genders besides women and men, or gender identities
outside of the gender binary. UNICEF says gender equality "means that women and men, and girls and
boys, enjoy the same rights, resources, opportunities and protections. It does not require that girls and
boys, or women and men, be the same, or that they be treated exactly alike.
Application of smaller stress lesser than ultimate capacity at the repeated number of cycles to the
concrete and Gender "sudden death" i.e. hearth attack in terms of damage is occurred called "Fatigue".
Unequal Pay, Interview questions, Diminished responsibilities, Restrooms, Conversations, Glass
Ceilings, Political bias, Terminations, Outdated views, Sexual Harassments, the main causes of gender
fatigue in terms of compassion fatigue were compared to the general fatigue in concrete are well
described in this paper from the stone age to till age, the dominant character as diligent shaker in the
second world war was created the female gender fatigue such as the nuclei-propagation of microdefects,
microvoids and fractal of rendered concrete in conjunction with more compliant are well discussed in
comparative way. The product of service life along performance with environmental impact refers the
degree of sustainability is well discussed by comparing the fatigue in terms of gender and concrete
structure in different manners and hypothesis seems the much correlated results are validated by
Microdefects, microvoids in concrete as Dalit, Dorry, Dahej, Daridra, Dar, Danger, Dominant, Dom,
Dard, Dakait, Damai, Disadvantages Groups, Disable Group, Deaf, Disability etc. the majority of Nepali
words and indicator of UN SDG's Viruses.
2.

INITIATION OF FATIGUE IN GENDER AND CONCRETE STRUCTURES

Degradation of elastic moduli and stiffness of the concrete at micro level field which creates non-inverse
change under cyclic stress-strain with the increment of cyclic loading, are the vital causes of the fatigue
failure.
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Higher levels of stress, unwanted and distressing image of traumatic material about client's experiences,
sleep disturbances and nightmares, anxiety, substance abuse, physical changes, changes in cognitive
schema are the major symptoms of compassion Fatigue in Gender.
4 ways to practice self-Compassion which are illustrated as (i) consider how less is more. Reduce your
intake of food that depletes your energy and leaves you feeling lethargic. (ii) Add something's joyful to
your daily routine. Take one or two five -minute breaks during the course of your day to do something's
that lifts your heart. (iii) Rest body and mind. Turn off the computer and TV at least 30 minutes before
going to bed to let your inner thoughts quite down. (iv) Engage with God. Take a slow walk around the
neighborhood. Spend time reading a single Psalm or simply sit and contemplate God's love.
3.

POSSIBLE SOLUTION OF COMPASSION FATIGUE IN GENDER

Today more than 1 billion people worldwide, the majority of whom are women, live in acceptable
conditions of poverty, mostly in developing countries. Poverty has various causes. Poverty is a complex
multi-dimensional problem with origins in both national and international domains. A significant trend
has increased trend has increased poverty of women. Migration and consequent changes in family
structures have placed additional burdens on women. These are the main scenario of Gender, Poverty
and developments. Dalit, Dorry, Dahej, Daridra, Dar, Danger, Dominant, Dom, Dard, Dakait, Damai,
Disadvantages Groups, Disable Group, Deaf, Disability etc the majority of domain Nepali words are the
UN SDG's Viruses. We should have to develop the anti-viruses for the Gender Sustainability keeping in
mind that human Cast is Past,Work is Present, Achievement is Future
Gender Gap Solution:
• Working across the Gender, like working across cultures, is a management skills.
• It requires Education, Awareness and ability to differentiate between real and unconscious biases.
Large established organizations shall start to accept that gender imbalances, can be solved by
• Lead the charge- Leadership
• Explain why it matters-many person thought, gender imbalance is due to lack of women’s choice
• Built Skill
• On a global scale, for achieving gender equality also requires eliminating harmful practices against
women and girls, including sex trafficking, femicide, wartime sexual violence, and other oppression
tactics.
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•

UNFPA stated that, "despite many international agreements affirming their human rights, women
are still much more likely than men to be poor and illiterate. They have less access to property
ownership, credit, training and employment. They are far less likely than men to be politically active
and far more likely to be victims of domestic violence

•

As of 2017, gender equality is the fifth of seventeen sustainable development goals of the United
Nations.

•

Gender inequality is measured annually by the United Nations Development Programme's Human
Development Reports

•

Despite recent progress, women are still disadvantaged by their greater domestic labor
commitments and impaired access to well-paid jobs; and, in extreme cases, denied the right to live.

4.

FATIGUE IN CONCRETE STRUCTURES
•
•
•
•
•
•
•

Widely used Construction Material.
Heterogeneous: Mixture of Cement, Sand, Aggregate and Water.
Cement paste: weakest part of aggregate interface. .
Water and air are inside the matrix at the initial stage of production.
Slow release of water from initial to final setting time creates microvoids at the original place of
air and water - alters the chemistry of the matrix.
Cyclic load (lower than ultimate load but higher than threshold limit) is applied to the concrete
Separation of matrix in composition alters the ingredient from each other by creating
microvoids up to fracture which is called fatigue failure.

Based on the Continuum damage mechanics approach, degraded stiffness and elastic moduli that creates
microstructural damage development, a versatile concept from internal variable theory of
thermodynamics with isothermal assumptions from [12] and [13], small deformations and rate
independent, the Helmholtz Free Energy (HFE) per unit volume can be expressed as Equation [1]
𝟏

𝐀(𝛆, 𝐊) = 𝛆: 𝐄(𝐤): 𝛆 + 𝐀𝐢 (𝐤)
𝟐

(1)

Where, E, k, Ai (k), : strain tensor, current fourth-order stiffness tensor, cumulative scalar damage
parameter, scalar function related to microcracks surface energy, tensor contraction operation.
Following Equation [2], the constitutive relation for the concrete materials by using the Helmholtz Free
energy is simply given by
𝛔=

𝛛𝐀(𝛆,𝐤)
𝛛𝛆

= 𝐄(𝐤): 𝛆

(2)

The differentiation of Equation [2] with respect to Normalized life (N), the frazzle cycle, yields,
𝛔̇ = 𝐄(𝐤): 𝛆̇ + 𝐄̇(𝐤): 𝛆 = 𝛔̇ 𝐞 + 𝛔̇ 𝐢
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Where in Equation [3],σ, σ̇ , ε̇ , E , σ̇ e , σ̇ i are the stress tensor, rate of stress tensor, rate of strain tensor
with respect to cyclic number (N), elastic stiffness tensor, elastic rate of stress tensor, rate of stress
relaxation due to degradation of elastic properties of concrete materials respectively.
Damage alters the elastic properties of concrete, thus, decomposition should be added in the form of
fourth-order elastic stiffness tensor which allows small deformations, the developed analytical form of
Equation [4] can be written as,
𝐄(𝐤) = 𝐄 𝟎 + 𝐄 𝐃

(4)

Where,E 0 , E D initial undamaged stiffness tensor and overall stiffness caused by cracks and microcracks
damage.
The constitutive relations for nonlinear behavior of the brittle materials describing stress-strain relation
Equation [5] can be expressed as
𝐄̇(𝐤) = −𝐄̇ 𝐃 (𝐤) = −𝐤̇𝐋(𝛆)

(5)

Where in Equation [5], L(ε), k directional damage occurrence fourth order stiffness tensor, scalar
measure of cumulative damage respectively.
Internal dissipation for the isothermal and small deformations, the Helmholtz Free Energy can be written
as Equation [6]
𝐝𝐬 = −

𝛛𝐀(𝛆,𝐤)
𝛛𝐤

𝐤̇ ≥ 𝟎

(6)

Since, the Damage is assumed to be an irreversible phenomenon that leads to k̇ ≥ 0. Combined effect of
Equation [1] and [6] in generalized form of damage surface can be written as,
𝟏

𝟏

𝟐

𝟐

𝛉(𝛆, 𝐤) = 𝛆: 𝐋: 𝛆 − 𝐩𝟐 (𝛆, 𝐤) = 𝟎

(7)

Where, in Equation (7),P(ε, k), θ(ε, k) critical strain damage function responsible for the damage
growth, called critical strain as described by author [12] and [13], onset of damage in the materials that
encloses the elastic domain θ(ε, k) ≥ 0 which is unattainable for rate independent material behaviour.
For capturing the compressive mode or mode II of cracking of concrete materials, a new specific versatile
model is proposed with development of L(ε), the response tensor, for the continuous existence and
distribution of microcracks, on true line of continuum damage mechanics approach, the compressive
mode or mode II is developed due to shear sliding of existing microcrack and opening of the crack slides
as shown in Figure [1].
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Figure 1: Fatigue crack opening in compressive mode (or mode II)
In compressive fatigue loading, the extended microcracks run in the direction that is parallel to the axis
of loading resulted significant decrease in longitudinal stiffness which is due to development of tensile
strains at the lateral directions and there are possibility for opening of cracks which is called "cross
effect". Guided by experimental observations for concrete materials in compressive loading by authors
[14], [40] and [41], the cross effect can be incorporated in above formulation by postulating the damage
direction tensor L:
𝐋=

𝛆− ⨂𝛆−
𝛆−:𝛆−

+𝛂

𝛆+ ⨂𝛆+

(8)

𝛆+ :𝛆+

Where,⨂ , ε+ , ε− is the tensor product operator, the positive and negative cones of strain tensors,
respectively. The coefficient α considers the extention of cross effect, which can be obtained through
uniaxial compression monotonic loading test. The first part of Equation [8] refers the compressive
loading directional damage, whereas the second part is the capability of the model for prediction of
increment apparent Poisson's affected due to mode II damage. This means the response tensor presented
in Equation [8] ensures that the prediction of damage is extended in all three principal directions of
concrete during uniaxial compression test.
Guided by the experimental work of [42] and [43] and using constitutive relation for simple uniaxial
compression test, the damage function can be expressed as Equation [9a], [9b], and [9c]
𝐩(𝛆, 𝐤) = (𝛆𝐜 √𝟏 + 𝟐𝛂𝛖𝟐 )𝐥𝐧 (

𝐄𝟎

) = 𝛆𝟎 𝐥𝐧 (

𝐄𝟎 −𝐤

𝐄𝟎
𝐄𝟎 −𝐤

)

(9a)

with
𝛖=

𝛖𝟎
𝐤𝛂
(𝟏+𝛖𝟎 )(𝟏−𝟐𝛖𝟎 )
𝐄𝟎

𝟏−

𝛆𝟎 = (𝛆𝐜 √𝟏 + 𝟐𝛂𝛖𝟐 )

(9b)
(9c)

Where, εc , E0 , ε0 , υ0 , ln is ultimate strain corresponding to peak stress, initial Young's Modulus of
elasticity, referential strain, initial Poisson's ratio under monotonic compressive loading of the concrete
material and natural logarithm respectively.
Equation [9b] implies the dependency of the Poisson's ratio υ at microcracking state of damage which is
no longer constant. Authors [43], [44] and [45] reported that increment of monotonic loading under
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uniaxial compression attains a certain stress level at which the considerably continuous increment of
Poisson's ratio started.
5.

STATISTICAL ANALYSIS

The damage surface from Eqn [7] for the prediction of fatigue behaviour of concrete in strain space
under fatigue loading at the prescribed stress level ∆σ = σmax − σmin remains constant; the damage
surface expands successively to obtain the residual curve at failure which can be described in Figure [2].

Figure 2: Residual Strain flow in biaxial compression Fatigue loading.
Stimulation of cracks and microcracks (damage) in concrete material is mainly due to increase of frazzle
strain. Increment of repeated loading from maximum to minimum stress levels, the damage and residual
strain increased continuously resulting final decrease in residual strength of the material which is equal
to magnitude of fatigue load. After that, concrete material cannot resist any additional fatigue cycle for
failure. For development of the fatigue behaviour of concrete through Equation [7], an evolutionary
modified equations are predicted and proposed for fatigue damage and residual strain by adopting the
parameter 'k', Equation [10] can be expressed as,
𝐍 √𝛆− :𝛆−

𝐤 = 𝐀 ∫𝟎 (

𝛆𝟎

𝐧(𝟏−𝐫)

)

𝐝𝐍

(10)

Where, A, n, r, N, ε0 A and n are the material constants; the stress ratio (ratio of minimum stress to
maximum stress), negative cone of second order strain tensor, N is the number of fatigue cycles,
referential strain in uniaxial compression respectively.
Researchers [8] and [9] reported that the number of cycles to the failure is directly proportional to the
applied stress level duly fact that under higher value of compressive mean stress level, the formation of
microcracks are inhibited due to crack closure effect. This result shows the increment of both ultimate
and plastic strains, rendering concrete more flexible. The stress ratio 'r' adopted in Eqn [10] is one of the
modified model for reduction of such effects. Also, it is illustrated that the increment of maximum
uniaxial compression strain when reaches to the referential strain, the role of cumulative damage
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parameter starts and increases linearly with the fatigue cycle at rate of constant A called damage cycle
parameter.
By differentiating Eqn [10] with respect to N, the increment of damage per cycle can be written as Eqn
[11]
̇

− :𝛆− 𝐧(𝟏−𝐫)

√𝛆
𝐤̇ = 𝐀 (

𝛆𝟎

)

(11)

Based on the stiffness degradation rule of concrete material under fatigue loading, the increment of
ultimate strain and its associated inelastic strain at each cycle under monotonic loading state is obviously
highlights the stiffness reduction addressed by Equation [10] and [11] clearly showing that the directly
proportional relation between loading cycles and stress ratio up to accumulated plastic strain until fatigue
failure. The related experimental results were also employed for such verification.
Followed by experimental observations and governing equations, the behavior of concrete under fatigue
loading is captured by postulating an evolutionary proposed model's equation as described in Figure [3]
to predict the failure surface in strain space of continuum damage mechanics theory with an assumption
made in Eqn [9], the product of two functions and modeled stress-strain diagram drawn in Figure [4] can
be expressed as Eqn [12]
𝐩(𝛆, 𝐤, 𝐍, 𝐫) = 𝐆(𝐍, 𝐫). 𝐩(𝛆, 𝐤)

(12)

Where, G(N, r) is strain softening functions, dependent on N, number of cycles of loading and stress
ratio. Further, for the settlement of minimum value of G(N, r) equals to 1 as Gmin (N, r) = 1. Substituting
Equation [8] and [12] into Equation [7], the damage surface in fatigue environment can be written as
Equation [13]
𝟏

𝟏

𝟐

𝟐

𝛉(𝛆, 𝐤, 𝐍, 𝐫) = 𝛆: 𝐋: 𝛆 − 𝐆𝟐 (𝐍, 𝐫). 𝐩𝟐 (𝛆, 𝐤) = 𝟎

(13)

In uniaxial compression path of fatigue, the strain softening function is obtained as
𝐆(𝐍, 𝐫) =

𝛆
𝛆𝐜

(14)

Where, ε = εmax in Equation (13), If G(N, r) equals to 1, the occurrence of failure of concrete becomes
at one cycle at σmax state. For maximum stress level, smaller than ultimate compressive strength of
concrete material, the model functionsG(N, r) > 1. In order to obtain concrete evolutionary softening
well fatigue damage model, depending upon the fatigue cycle and stress ratio, the function of G(N, r) in
Equation [14] is proposed as Equation [15]
𝐆(𝐍, 𝐫) = 𝑵𝝀(𝟏−𝒓)
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Figure 3: Idealized stress-strain of concrete material under monotonic fatigue loading.
It is unable to predict the permanent strain of concrete materials after unloading, thus the damage
occurred cannot be assumed as perfectly elastic for brittle materials. A complete closure of crack cannot
be achieved due to development of sizeable crack tip process with misfits on the crack surface after
reversal loading leads to develop the permanent strain during cyclic loading. To capture such phenomena,
stress relaxation σ̇ from Eqn [3] containing two part like perfectly elastic damage and inelastic damage
should be coaxial with each other can be modeled by the research of author [46] which can be adopted
for fractional term of stress relaxation σ̇ , that can be further modified as μσ̇ , where, μ is cumulative
fatigue inelastic parameter, value ranges from 0 to 1. The generalized Eqn [3] and [5] for the latest
extension for inelastic damage model can be obtained as Equations [16a], [16b] and [16c]
𝝈̇ = 𝑬(𝒌): 𝜺̇ + 𝝈̇ 𝒊

(16a)

𝐄̇ = −(𝟏 − 𝛍)𝐤̇𝐋(𝛆)

(16b)

𝛔̇ = −𝐤𝐋:̇ 𝛆

(16c)

Based on these findings, the versatile cumulative fatigue inelasticity parameter can be proposed and
written in this paper as Equation [17]
(17)

𝛍 = 𝛃𝐍 −𝛄(𝟏+𝐫)

Where, β, and γ are constants, N is the cyclic number. Substituting both the strain softening function
and the damage function into the damage surface, modified form of constitutive relation, stress-strain
curves can be obtained after certain number of loading cycle. The new proposed fatigue damage model
presented by Eqns [10] through [17] is capable for capturing the fatigue damage behavior of concrete
such as degradation of Young's Modulus of elasticity, reduction in strength, and increase in ultimate as
well as plastic strain during each fatigue cycle.
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Figure 4: Concrete Stress-Strain diagram under fatigue loading.
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6.

COMPARISON TABLE OF GENDER FATIGUE AND CONCRETE FATIGUE

7.

DAMAGE ACCUMULATION

When the constant amplitude of fatigue loading is subjected to the concrete materials, then the initiation
of damage can be described by Equation [1]. Whatever, on the application of variable amplitude
monotonic compressive fatigue loading, the developed damage in the former stage first loading will
affect the quantity of produced damage in the next stage of loading. The proposed model requires the six
material parameters(α, A, n, λ, β and γ), for the determination of sensitivity analysis based on the
experimental results that are well described in different literatures. The formulation of fatigue
constitutive relation of concrete in compression must be endorsed by commonly used structural solution
codes. The prescribed maximum stress σ̇ and strain levels ε̇ for the first cycle (N=1) of fatigue loading
is attained from Eqn [3] with updated value os k as k i = k i−1 + k̇ through Eqn [11] along with updated
E, 𝜐 from Eqn [4] and [9b]. For the known stress and strain at first cycle (N=1) of loading, the damage
surface for fatigue loading at N > 1 can be obtained from Eqn [13]. To determine the fatigue strain,
damage parameter, residual strength, inelastic strain level and for fatigue failure to the next loading
cycles, the entire process shall be repeated. Emergence of Model in compression fatigue loading, the
theoretical stress-strain relations, strength and stiffness reductions with accumulation of plastic strains
and damage are well developed in Figure [1] with damage parameter from Figure [6] and Table [1].
Stimulated concrete fatigue material parameter as E 0 equals to 68869 MPa in Equation [4], υ equals to
0.20 in Equation [9b], α equals to 0.375 in Equation [9c], γ equals to 1.11111, β equals to 0.277728 in
Equation [17], εc equals to 0.00201 in Equation [9c], ε equals to 0.00088 as stress level i.e. 0.74fc equals
to 39.07 MPa, fatigue damage model as Figure [5] is developed.
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Table 1: Damage Data by [3] due to cyclic loading in concrete Materials
Stress
Ratio

No. of Cycles

0.85

8.

Stress
Factor

Max. Stress

Damage

Cyclic
Ratio

Damage

Cyclic
Ratio

1479000

2.2

158.489319

0.16

0

0.23

0.24

0.84

1461600

2.3

199.526231

0.17

0.02

0.24

0.255

0.75

1305000

4.1

12589.2541

0.172

0.04

0.25

0.28

0.74

1287600

4.4

25118.8643

0.18

0.05

0.26

0.32

0.69

1200600

5.05

112201.845

0.19

0.08

0.28

0.37

0.685

1191900

5.2

158489.319

0.195

0.1

0.48

0.68

0.68

1183200

5.75

562341.325

0.2

0.12

0.55

0.72

0.65

1131000

6.2

1584893.19

0.21

0.145

0.7

0.88

0.63

1096200

6.3

1995262.31

0.22

0.198

0.88

1

VERIFICATION

According to the experimental data of author [3], it is a good regression that the proportional constant A
equals 0.10, β equals to 0 and 0.15, changeable trend of the damage parameter in modeling and
experimental is due to 100% and 85% of stress level in Figure [6]. The results show that the difference
between the predicted residual fatigue life corresponding to normalized life and the experimental data are
acceptable because of the big scatter of fatigue life and most points are within scatter ranges as shown in
the Figure [4] and Figure [5]. Experimental fatigue life among concrete samples are subjected to the same
fatigue loading are obviously very different due to bigger experimental data of author [3]. The predicted
residual fatigue life by the proposed algorithm is in good agreement with the experiment, considering the
bigger scatter of concrete as theory, Equations and model described above.
9.

CONCLUSION

Application of smaller stress lesser than ultimate capacity at the repeated number of cycles to the concrete
and Gender "sudden death" i.e. hearth attack in terms of damage is occurred called "Fatigue". Unequal Pay,
Interview questions, Diminished responsibilities, Restrooms, Conversations, Glass Ceilings, Political bias,
Terminations, Outdated views, Sexual Harassments, the main causes of gender fatigue in terms of
compassion fatigue were compared to the general fatigue in concrete are well described in this paper from
the stone age to till age, the dominant character as diligent shaker in the second world war was created the
female gender fatigue such as the nuclei-propagation of microdefects, microvoids and fractal of rendered
concrete in conjunction with more compliant are well discussed in comparative way. The product of service
life along performance with environmental impact refers the degree of sustainability is well discussed by
comparing the fatigue in terms of gender and concrete structure in different manners and hypothesis seems
the much correlated results are validated by Microdefects, microvoids in concrete as Dalit, Dorry, Dahej,
Daridra, Dar, Danger, Dominant, Dom, Dard, Dakait, Damai, Disadvantages Groups, Disable Group, Deaf,
Disability etc. the majority of Nepali words and indicator of UN SDG's Viruses.
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ABSTRACT
Word representation is a means of representing a word as mathematical entities that can be read, reasoned
and manipulated by computational models. The representation is required for input to any new modern
data models and in many cases, the accuracy of a model depends on it. In this paper, we analyze various
methods of calculating vector space for Nepali words and postulate a word to vector model based on the
Skip-gram model with NCE loss capturing syntactic and semantic word relationships.
This is an attempt to implement a paper by Mikolov on Nepali words.
Keywords: CBOW, NCE loss, One Hot Encoding, Skip-gram, TF-IDF, Word2Vec
1.

INTRODUCTION

Images are computed based on pixels which are numeric. Similarly, for the text, we need an efficient
method of converting words to vectors. For the particular task, a novel approach of creating word2vec
is done by [8] but it uses the BOW method which may not fulfill the requirements of state-of-the-art
NLP models. There are various methods of representing words in vector space like One hot encoding.
In this method, a single bit is set to one and the rest is set to zero. The dimensionality of the vector will
be the size of vocabulary: ‘n’ length of the vocabulary represents n-dimension of the vector space where
every word vector is orthogonal to each other, meaning every word is unique. Two words are similar
when the vectors representing the words are close. Since every vector is orthogonal, this kind of word
representation technique doesn’t preserve the semantic property of words.
It is very important to represent the word so that it does not lose the semantic property. The distributional
hypothesis in linguistics is derived from the semantic theory of language usages to keep the semantic
property i.e,
• Words that are used and occur in the same contexts tend to purport similar meanings. [Harris,
Z(1954). Distributional Structure]
• A word is characterized by the company it keeps. [Firth, J.R(1957). A synopsis of linguistic theory
(1950-1955)]
This technique is based on the concept of the Co-occurrence Matrix. Co-occurrence can be interpreted
as an indicator of semantic proximity of the word. Word2vec captures the semantic implicitly whereas
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the glove is used to represent explicitly. The problem with the glove and new models like Fast Text from
facebook is, these libraries are tuned based on English language and give poor results when implemented
on Nepali Dataset. The advantage of using custom neural network with custom pipeline for text data is
to tune the data according to general or domain use cases.
2.

METHODOLOGY

Figure 1: Basic Workflow
2.1 DATA COLLECTION
The source of data is online portals. Scraping and collecting the data from different Nepali news portals,
Nepali tweets, and Nepali wiktionary. These data are raw and have to be cleaned.
2.2 DATA PREPARATION
Cleaning the data is very essential such that the system learns well. The raw sentence contains different
punctuation, numbers, and symbols. These are to be removed from the sentence. Tokenization is a
method to separate the sentence or word based on the symbol. We have tokenized sentences from the
group of sentences and then tokenized words from the sentence.
2.3 WORD REPRESENTATION MODEL
2.3.1 TF-IDF
Term Frequency - Inverse Document Frequency is a numerical statistic which is the product of term
frequency and inverse document frequency. Term frequency is a measure of the count of a particular
term in the document. Let term frequency be denoted by f(t,d) where t is the term and d is the document.
Similarly, inverse document frequency is a measure of how much information the word provides whether
it is rare or common. It is a logarithmic scale of the fraction of the total number of documents ‘N’ by the
number of documents the term appeared ‘n’ and denoted as:
𝑁

𝑖𝑑𝑓 = 𝑙𝑜𝑔( )
Then,

𝑛

𝑡𝑓𝑖𝑑𝑓 = 𝑓(𝑡,𝑑) ∗ 𝑖𝑑𝑓

(1)
(2)

Since it is the statistic of the product of frequency and measure of the rarity of word/term, it doesn’t
carry any context or semantic property of the word with it. Our neural network-based model out-forms
the tf idf model. The complex grammatical structure of Nepali language and many variations of a single
word like ‘दे’,

‘ददनुस’, ‘ददनुहोस’, ‘ददस्यो’, ‘ददबदससयोस’.

This limits us to use stemmer on Nepali language and tfidf could not capture the real semantic of these
words as to how these words are in the real world.
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2.3.2. CBOW MODEL
In this architecture, the one-hot representation of context words is input to the model and the probability
of a center word is the output.
Our implementation of CBOW does not express the meaning of a word in the vector. Rare words have
deep meaning and are hard to categorize. The model was too naive for our use cases.

Figure 2: CBOW architecture and Skip-gram architecture

2.3.4 SKIP-GRAM MODEL
The Skip-Gram model [1] is an architecture to find word representations that are useful for predicting
the surrounding words.
The tokenized sentence is actually a sequence of training words. Input to the network is the one hot
representation of the word and output to the system is the context words. The weight that leads to the
output is the matrix of interest.
A sequence of training words w1......wt is passed to the network and tries to maximize the average log
probability.

𝑝(𝑐 | 𝑤; 𝜃) =

𝑒 𝑣𝑐.𝑣𝑤
∑ ′
𝑐 ∈𝐶

(3)

𝑒 𝑣𝑐′ .𝑣𝑤

Taking Log of equation (3);

𝑙𝑜𝑔 𝑝(𝑐 | 𝑤; 𝜃) = 𝑙𝑜𝑔(

𝑒 𝑣𝑐.𝑣𝑤

∑ ′
𝑐 ∈𝐶

𝑒 𝑣𝑐′ .𝑣𝑤

(4)

)

Cost function:

𝐿(𝜃) = ∏𝑤∈𝑇𝑒𝑥𝑡

∏𝑐∈𝐶(𝑤)

𝑝(𝑐 | 𝑤; 𝜃) = ∏(𝑤,𝑐)∈𝐷

(5)

𝑝(𝑐 | 𝑤; 𝜃)

Maximizing the log-likelihood:

𝑎𝑟𝑔 𝑚𝑎𝑥 ∑(𝑤,𝑐)∈𝐷

𝑙𝑜𝑔 𝑝(𝑐 | 𝑤; 𝜃) = ∑(𝑤,𝑐)∈𝐷

(𝑣𝑐 . 𝑣𝑤 − 𝑙𝑜𝑔 ∑𝑐′

It is computationally expensive to calculate 𝑝(𝑐 | 𝑤; 𝜃) since it computes ∑𝑐 ′ ∈𝐶
context. Thus negative sampling is more efficient
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{ window size : 1}

दिदिन्न
दिदिन्न

Training Example

एपहरुको दनम्तो िा अनुरोधबाट कदिको ददसक हुनुिएको
एपहरुको

दिदिन्न एपहरुको

दनम्तो िा अनुरोधबाट कदिको ददसक हुनुिएको

दनम्तो

दिदिन्न एपहरुको दनम्तो

िा अनुरोधबाट कदिको ददसक हुनुिएको

िा

दिदिन्न एपहरुको दनम्तो िा

अनुरोधबाट कदिको ददसक हुनुिएको

अनुरोधबाट

कदिको ददसक हुनुिएको

दिदिन्न एप
एपहरुको दिदिन्न
एपहरुको दनम्तो
दनम्तो एपहरुको
दनम्तो िा
िा दनम्तो
िा अनरु ोधबाट
अनरु ोधबाट िा
अनुरोधबाट कदिको

The above table explains our data pipeline for training the neural network.

Figure 3: Our Neural Network Architecture
Once we train our neural network. The weights obtained in the hidden layer will be our vector matrices
for our given dataset. The normalization on the denominator is costly using softmax so we used NCE
loss in the last layer of neural network for better performance.
2.3.5 NOISE CONTRASTIVE ESTIMATION
Negative sampling is a variation of NCE used by the popular word2vec tool which generates a proxy
corpus and also learns θ as a binary classification problem, but it defines the conditional probabilities
given (w, c) differently. NCE reduces the language model estimation problem to the problem of
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estimating the parameters of a probabilistic binary classifier that uses the same parameters to distinguish
samples from the empirical distribution from samples generated by the noise distribution [6]. The basic
idea is to classify if the sample is from true distribution raising D = 1 or from noise distribution raising
D = 0. Such that it can be trained as a binary classifier.
𝑝(𝐷 = 0 | 𝑐, 𝑤) = 𝑘 × 𝑞(𝑤) 𝑢𝜃 (𝑤, 𝑐) + 𝑘 × 𝑞(𝑤)
(7)

𝑝(𝐷 = 1 | 𝑐, 𝑤) = 𝑢𝜃 (𝑤, 𝑐) 𝑢𝜃 (𝑤, 𝑐) + 𝑘 × 𝑞(𝑤)

(8)

3. RESULTS
We computed the model and compared “दकताब” and “पुस्तक “ are found to be similar, even though they never
come as nearby words. Here the context of their presence in a sentence comes to play. Since they are
used in almost the same context in a sentence as in “दकताब पढ्यौ” or “पुस्तक पढ्यौ”.
As in Fig 4. “जनजाती” is found at the nearest point in space with “थारु”, “मुदस्िम” and so on which all signify
a type of caste in Nepali.

Figure 4: Word Embedding Visualization, “जनजाती”

Figure 5: Word Embedding Visualization, “कुराकानी”

75

Efficient Estimation of Nepali Word Representations in Vector Space

Figure 6: Word Embedding Visualization, “सम्पदि”
4. CONCLUSION
From the collection of scarce raw data from news portals to computing a model based on Skip-gram, we
have demonstrated the ways to vectorize Nepali words. While digital processing is gaining new heights
in terms of speed and size, there was always a need for an efficient method to parse Nepali natural
language with fewer resources and complex syntactic structures.
We implemented our model to find out that it successfully highlights similar words based on Euclidean
distance with fair accuracy.
5. FOLLOW UP WORK
We could treat the most common words as a single word phrase.
For example:

िोक सेिा आयोग = “िोक_सेिा_आयोग “
अदन के = “अदन_के “
सही हो = “सही_हो ”

Similarly, we could reduce the frequent words based on probability. i.e, effectively delete it using
Probability
𝑍(𝑤 )

0.001

𝑖
𝑃(𝑤𝑖 ) = (√ 0.001
+ 1) ⋅ 𝑍(𝑤 )
𝑖

Where,

𝑍(𝑤𝑖 ) =

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑐𝑐𝑢𝑟𝑒𝑛𝑐𝑒 𝑜𝑓 𝑎 𝑝𝑎𝑟𝑡𝑖𝑐𝑢𝑙𝑎𝑟 𝑤𝑜𝑟𝑑
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑜𝑟𝑑𝑠

76

(9)

Journal of Innovations in Engineering Education | Vol: 3 | Issue: 1 | March 2020

ACKNOWLEDGEMENT
The authors gratefully acknowledge the contributions of Mikolov, T., Chen, K., Corrado, G., and Dean,
J. for their work on the original version of this document. We are grateful to Nepali news portals from
where we acquired the data to train our model. We would like to acknowledge with gratitude, the support
and encouragement from the Department of Electronics and Computer Engineering, Institute of
Engineering, Thapathali Campus.
REFERENCES
[1] Mikolov, T., Chen, K., Corrado, G., and Dean, J, “Efficient estimation of word representations in
vector space”, 2013.
[2] Mikolov, Tomas & Sutskever, Ilya & Chen, Kai & Corrado, G.s & Dean, Jeffrey, “Distributed
Representations of Words and Phrases and their Compositionality”,Advances in Neural Information
Processing Systems. 2013.
[4] Goldberg, Yoav & Levy, Omer, “word2vec Explained: deriving Mikolov et al.'s negative-sampling
word-embedding method”, 2014.
[5] Wongsuphasawat, Kanit & Smilkov, Daniel & Wexler, James & Wilson, Jimbo & Mane,
Dandelion & Fritz, Doug & Krishnan, Dilip & Viegas, Fernanda & Wattenberg,
Martin.“Visualizing Dataflow Graphs of Deep Learning Models in TensorFlow”. IEEE
Transactions on Visualization and Computer Graphics. PP. 1-1. 10.1109/TVCG.2017.2744878,
2017.
[6] Dyer, Chris. “Notes on Noise Contrastive Estimation and Negative Sampling.”, 2014.
[7] Gutmann, Michael & Hyvärinen, Aapo. “Noise-contrastive estimation: A new estimation principle
for unnormalized statistical models.” Journal of Machine Learning Research - Proceedings Track.
9. 297-304. 2010.
[8] Rabindra Lamsal, "300-Dimensional Word Embeddings for Nepali Language", IEEE Dataport,
2019. [Online]. Available: http://dx.doi.org/10.21227/dz6s-my90. Accessed: Dec. 25, 2019.

77

Hydrological & Hydraulic Analyses of Urban Storm Water Drainage System of Major Area of Pokhara, Nepal

Hydrological and Hydraulic Analyses
of Urban Storm Water Drainage System of
Major Area of Pokhara, Nepal
Keshav Basnet*,1, Krishna Chettri1, Ganesh Parajuli2, and Achyut Bhandari1

Department of Civil and Geomatics Engineering, Pashchimanchal Campus, Institute of Engineering,
Tribhuvan University, Pokhara, Nepal

1

Parajuli Software Pvt. Ltd., Kathmandu, Nepal

2

Corresponding Email: basnet.keshav@gmail.com

*

ABSTRACT
The immense increase of the structural activity which decreases the pervious area of the city is
alarming danger situation pertaining to drainage. Urbanization and improved area of imperviousness
are the major contributors that make the existing drainage network insufficient while inadequate
maintenance and haphazardly throwing rubbish on the road and drain are other issues. The major
objective of the study is to analyze the hydrological and hydraulic status of the urban storm water
drainage system of the major area of Pokhara City of Nepal and to compare the calculated result with
existing situation, using Rehm tools HYKAS and GraPS under AutoCAD environment. The results of
this study show that the size of the existing road side drains is inadequate to handle all the surface
runoff. It is found that the existing situation of the drainage system is quite poor and need to be
redesign or reconstruct immediately. The hydraulic load of almost all the conduit is beyond the limit
assigned. The hydraulic design of the most of the drainage conduit is inadequate and re-design of the
drain is essential based upon accurate flow estimation methods. This study concludes that the
applicability of the current drainage system is quite poor and needs to make certain changes with their
construction immediately in order to avoid any danger and adverse effect possessed by surface
flooding over the road surface and other paved surfaces. The surface runoff is significantly increased
compared to the situation before the construction of existing drainage system and therefore for the
appropriate storm water management of the urban area of Nepal, it is critical to design the drainage
system based on both hydrological and hydraulic analyses considering reliable data.
Keywords: Flooding, HYKAS, Overflow, Rain Side Drain, Storm Water Management
1.

INTRODUCTION

Pokhara has the record of rapid urbanization and change in huge amount of land use in past decade.
Also being the area with highest precipitation rates in the country [1], (3350 mm/year in valley to 5600
mm/year in Lumle, and the northern hill of the valley), the management of urban storm water in the
rainy season seems to be a brain storming and important task for the planners in this sector. Therefore,
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a comprehensive hydrological study must be carried out for the proper management of storm water [2],
[3]. The city being in the vicinity of different important watersheds and rapidly developing area, the
infrastructures built up in the past and its concession in the present days has been questioned on recent
days. To answer the question, the study was done for comparing calculated result with existing
infrastructures, redesigning and recommending for the future research works towards the hydrological
and hydraulic analysis of the storm drainage network of the valley. The study was performed with a
SEWERPAC program named HYKAS, a powerful program for hydraulic calculation of urban
sewerage system. Though modeling of storm water drainage is recently started in Nepal, developed
countries successfully practicing it using different models (e.g., SWMM; [4]). The output of the study
is more beneficial to planners and engineers involved institutions responsible for maintenance and
control of drainage system like Department of Road (DoR) and Pokhara Metropolitan City (PMC) for
proper allocation of budget too. This study is considered for the storm water alone and major
calculation is conducted on the most problematic drainage network of the Pokhara City, Nepal.

Figure 1 Study Area
2. MATERIALS AND METHODS
2.1. CATCHMENT AREA
The area is extended from 28°11'30"N, 28°14'30"N to 83°58'0"E, 83°58'30"E. The total area of the study
is 4.82 square kilometers. Most of the residential and industrial purposed buildings are equipped with
soak pit system therefore no or little amount of grey water is mixed with surface drainage network.
The catchment imperviousness was computed from the information in GIS dataset and land use maps and
found to be 29 - 80%. The land use conditions of these catchments are barren land, agricultural land,
roads, residential, industrial, and commercial or a mixture of these.
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2.2. DATA COLLECTION
Field observation and measurements made gave the primary data while the data from related articles,
papers, thesis, experts, stakeholders, different government authorities such as DoR, PMC, Department of
Hydrology and Meteorology (DHM), Kaski, considered as secondary data for the study.
Catchment and hydraulic data were compiled from several sources including drainage, contour, land use
and soil maps, aerial photographs, site visits, and drainage design and asset management information.
2.2.1. RAINFALL DATA
The rainfall data for the catchment under consideration were gathered from the closest rainfall gauging
station placed at Airport Station. The rainfall data of the area was collected from Department of
Hydrology and Meteorology, Pokhara, Kaski.
Department of Hydrology and Meteorology analyzed the rainfall intensity records of Pokhara Airport
Rainfall Station as according to the automatically recorded data available in internal document of
Department of Hydrology and Meteorology and formulated a mathematical empirical equation as
follows:
and

(1)

Where,
t2 = Rainfall intensity in mm/hr for 2 years of return period,
t5 = Rainfall intensity in mm/hr for 5 years of return period,
tc= time of concentration in minutes
The rainfall intensity used in this study is taken as 152 mm/hr i.e. 423 l/s*ha for 2-year return period and
10 minutes of time of concentration taking reference of the same intensity that was used while designing
the drainage system in PMC in 1997 under the Pokhara Environmental Improvement Project (PEIP).
2.2.2. CATCHMENT SYSTEM DATA
The physical properties of the study catchment and their drainage data were collected which included
channel/pipe system and land use layout, catchment areas, percentage pervious and impervious areas, soil
types or infiltration characteristics of catchment soil, topography of the catchment, length of overland
flow path and dimension and slopes of the catchment. The Google earth image was georeferenced in
ArcGIS environment and later those data were used to delineate the catchment along with contour lines.
The contour of the concerned area was found from google maps and used for the determination of
direction of surface flow and area of sub-catchment.
2.2.3. DRAINAGE SYSTEM DATA
The major drainage network of the city was planned, designed and constructed by PMC, former Pokhara
sub-metropolitan city, with the financial assistance from Asian Development Bank (ADB) during 1994
AD. At that period, total 25-kilometer length road was furnished with surface drainage network
concluding total of 50-kilometer length drain. The existing drainage details were collected from
document of PMC, field measurement using measuring tape, GPS and Goggle earth data and presented in
Table 1.
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Table 1: Existing drain dimension and outfall
S.N.

Order

1
2
3
4
5
6
7

Prithvi Chowk - Seti Bridge
Savagriha Chowk – Prithvi Chowk
Savagriha Chowk – Srijana Chowk
Srijana Chowk – Firke Khola
Zero KM – Firke Khola
Firke bridge – Zero KM
Bindabasini Chowk - Firke Bridge

8

Prithvi Chowk - Birauta Canal

9
10
11
12
14
15
16
17
18
19
20
21
22
23

Bindabasini-Srijanachowk-Damside
Chipledhunga – Savaghriha Chowk
Jalpa Road
Nadipur - Manipal Chowk Nadipur
Manipal Chowk NadipurMahendapul
Mahedrapul - Nayabazar height
Nayabazar height – Prithvi Chowk
Bhairavtole Chowk - Nadipur
Ganeshtole – Palikhe Chowk
Bindabasini Hall road
Ghairhapatan road
Chipledhunga - Mahendrapul
Chipledhunga – Siddhartha Chowk
Siddhartha Chowk - Firke
Ganesh Road

24
25
26

13

27
28

Length(m)
405
155
300
395
144
1853
992

Right

Dimension

Outfall

Left
1.6m*1m
1.2m*1m
0.6m*0.6m
0.6m*0.8m
0.6m*0.8m
0.6m*0.95m
0.6m*0.95m,0.6m*0.8m

Seti River
Seti River
Fewa Lake
Firke Khola
Firke Khola
Firke Khola
Firke Khola

0.4m*0.6m,0.7m*1m

Fewa Canal
Fewa Lake
Seti River
Fewa Lake
Seti River

4987
1524
799
386

0.6m*0.6m
0.6m*0.8m
0.6m*0.8m
0.6m*0.95m
0.6m*0.95m,0.6m*0.8m
0.4m*0.6m,0.5m*0.8m,
0.7m*1m
0.4m*0.5m,0.5m*0.6m,
0.5m*0.6m,1m*1m
0.6m*0.95m
0.6m*0.95m

761

0.6m*0.95m,0.7m*0.6m

220.5
1354
473
795
297
615
313.5
291
299
797.5

0.6m*0.9m
0.4m*0.4m,0.5m*0.7m
0.6m*0.95m
0.6m*0.95m
0.6m*0.95m
0.6m*0.95m
0.6m*0.95m
0.6m*0.95m
0.6m*0.95m
0.6m*0.95m

0.4m*0.5m,0.5m*0.6m,
0.5m*0.6m,1m*1m
0.6m*0.95m
0.6m*0.95m
0.6m*0.95m,0.7m*0.6m
,0.6m*1m
0.6m*0.9m
0.4m*0.4m,0.5m*0.7m
0.6m*0.95m
0.6m*0.95m
0.6m*0.95m
0.6m*0.95m
0.6m*0.95m
0.6m*0.95m
0.6m*0.95m
0.6m*0.95m

Zero KM - Bulaudi

775

0.4m*0.4m

0.4m*0.4m

Jalapa Chowk - Nagdhunga
Ratna Chowk - Airport
Mustang Chowk – Rastra Bank
Chowk
Damside – Birauta Chowk

556
689

0.6m*0.95m
0.6m*0.95m

0.6m*0.95m
0.6m*0.95m

Seti River
Seti River
Seti Canal
Seti River
Seti River
Seti River
Seti River
Fewa Lake
Firke Khola
Seti River
Bulaudi
Khola
Fewa Canal
Fewa Canal

488

0.6m*0.95m

0.6m*0.95m

Fewa Canal

339.5

0.6m*0.6m

0.6m*0.6m

Fewa Canal

1441.5

Seti River

2.3.4 SOIL DATA
The coefficient of run-off (C) is the portion of precipitation that makes its way to the drain. Its value
depends on a large number of factors such as permeability of the surface, type of ground cover, shape and
size of catchments area, the topography, and geography, initial state of wetness and duration of storm.
The values of runoff coefficient for different kind of surfaces are summarized in Table 2. However, in
this study, there are two type of runoff coefficients used: one, 0.55, for the area with almost 60% land
used as impervious surfaces and the other, 0.90, for all the asphaltic road surfaces.
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Table 2: Value of Coefficient of Runoff
S.N.
1
2
3
4
5
6
7
8
9
10
11

Description of the Surface
Water tight pavement surface (asphalt or concrete), steep bare rock
Green area (loamy)
Green area (Sandy)
Unpaved area along roads
Lawn and parks
Flat built up area with about 60% area impervious
Moderately steep built up area with about 55% area impervious
Most densely built up areas
For adjoining area to built up area
Residential areas
Sub-urban area with few building

Coefficient of Runoff
0.90
0.30
0.20
0.30
0.15
0.55
0.80
0.70-0.90
0.50-0.70
0.25-0.50
0.10-0.25

2.3. HYKAS MODEL
The program HYKAS (Hydraulische Kanalnetzberechnung System) is used for the hydraulic calculation
of urban drainage network according to the latest guideline of DWA (Deutsche Vereinigung für
Wasserwirtschaft, Abwasser und Abfall e.V.). In addition to unsteady Hydrodynamic calculation
methods, two steady methods, Time Coefficient method and Summation Curve method are also available.
2.3.1 STEADY METHOD IN HYKAS
With steady state Flow-Time method (Time-Coefficient and Summation Curve method), an existing
network can be computed and partly dimensioned. For dimensioning new sewers, the dimensioning
criteria, such as with invert elevation wise, axis wise or crown level wise, were mentioned. Hydraulic
calculation within the network is possible simply by changing the properties of the land use attributes.
The basic equation used for hydraulic calculation is,
(2)
Where,

Vu
Vd
g
tu
td
Js
Je
L

= Velocity in upstream section
= Velocity in downstream section
= Acceleration due to gravity
= Upstream full depth
= Downstream full depth
= Bed slope
= Energy slope
= Pipe length

2.3.2 RAINFALL INTENSITY METHOD
In this program, Reinhold formula is used for the calculation of rainfall intensity. The rainfall intensity r
(D, n) is calculated as a product of rainfall intensity r (15, 1) and the time coefficient φ, where D is the
rainfall duration and n is the rainfall frequency.
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The reference rainfall intensity value consider in this study according to Reinhold r(15,1) is 423 l/s*ha
and 10 min is taken as smallest rainfall duration. The beginning time of reduction method can be selected,
so that for the flow time less than the rainfall duration, higher φ- values can be used.
(3)

2.3.3 INFILTRATION CRITERIA
Using Time Coefficient method with rainfall intensity according to Reinhold, the seepage flow is
implemented as,
𝑄𝑟 = 𝜑 × 𝑟15,1 × ∑ 𝐴𝐸,𝑁𝑉𝑖 × 𝜑𝑖 + ( 𝜑 × 𝑟15,1 × ∑𝐴𝐸,𝑉𝑖 × 𝜑𝑖 − ∑𝑄𝑣𝑖)

Where,

(4)

AE,NVi = catchment area without infiltration (ha)
AE,Vi = catchment area, with infiltration (ha)
QVi = infiltration amount AE,Vi * vi (l/s)
vi = infiltration capacity (l/s*ha)
φ = time coefficient
ψ = Peak runoff coefficient
r15,1 = corresponding rainfall intensity (l/s*ha)

For other methods, the infiltration will be considered as,
𝑄𝑟 = 𝑟𝐷,𝑇 × ∑ 𝐴𝐸,𝑁𝑉𝑖 × 𝜑𝑖 +

Where,

𝑟𝐷,𝑇 × ∑𝐴𝐸,𝑉𝑖 × 𝜑𝑖 − ∑𝑄𝑣𝑖

(5)

AE,NVi = catchment area without infiltration (ha)
AE,Vi = catchment area, with infiltration (ha)
QVi = infiltration amount AE,Vi * vi (l/s)
vi = infiltration capacity (l/s*ha)
ψ = Peak runoff coefficient
rD,T = rainfall intensity (l/s*ha)

2.3.4 DRY WEATHER FLOW
The dry weather flow QT (l/s) in a conduit is calculated as,
QT = AE,k * qH + AE,k * qF + QS,const + QH,const +
QT,const + QG,const + QI,const + QF,const + QGW,const

where,
AE,k = Subcatchment area in ha
qH = Residential waste water (from Landuse table) in l/s*ha
qF = Infiltrated water (from Landuse table) in l/s*ha
QS,const = Constant waste water flow in l/s
QH,const = Constant residential waste water in l/s
QT,cons t = Constant dry weather flow in l/s
QG,const = Constant waste water from commercial area in l/s
QI,const = Constant Industrial waste water in l/s
QF,const = Constant Infiltration in l/s
QGW,const = Constant groundwater inflow in l/s
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2.4. DRAINAGE NETWORK
After collecting all the essential data such as contour maps of the area, existing dimension of the drain,
digital images of the area etc., drainage network of the targeted area was prepared in AutoCAD
environment along with powerful tool GraPS developed by Rehm software.
2.4.1 INPUT DATA
The data (street name, upstream junction/manhole, downstream junction/manhole, conduit shape, conduit
length, material of conduit, existing dimension/size, longitudinal slopes, drainage system, operational
coefficient (kb), ground and invert elevation of upstream and downstream, outfall of the system etc.)
pertaining to the network was gathered through field visits, with the use of GPS, Google earth
environment, registered document of PMC etc.
The shape of almost all the existing conduit under consideration is rectangular and common size is
600mm*950mm. There is only one conduit having circular shape and the conduit falls in the network of
Firke Bridge – Zero KM. Due to simplicity in construction, the rectangular shaped conduit is found
common inside the city.
2.5. OUTFALL
The outfall of the drainage system was determined through field visits and available documents from
PMC. Through the extensive study of drainage network, it was found that most of the outfall is on
unstable water courses such as lake, stream (Khola) and irrigation canal. Major and most problematic
drain i.e. Bindabasini Chowk – Srijana Chowk- Dam Side drain was found to be discharged on Fewa
Lake.

Figure 2 Study Area with Location and Outfall
3. RESULTS AND DISCUSSIONS
The study catchment was delineated with the help of contour lines on the GraPS. Individual conduit was
given to major and minor sub-catchment from where conduit receives storm water during period of
rainfall. The area of catchment was found from created shape file.
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3.1. LULC MAPS

Figure 3: LULC Maps of the Study Area
The land use land cover map (LULC Map) of the concerned area was prepared in the ArcGIS
environment with the help of self-digitization of area using goggle imagery as base map followed by
generation of shape file.
Table 3: LULC areas
S.N.
1
2
3
4
5

Land use
Agricultural land
Barren land
Forest
Road
Built-up area
Total

Area(m2)
338867.66
228550.20
16378.07
393932.38
3845122.78
4822851.10

Area (%)
7.03
4.74
0.34
8.17
79.73
100.00

3.2. ROAD NETWORK AND STORM WATER DRAIN
Only few drainage systems are found as open channel drain. Most of the length of road is provided with
side drain (top of the drain is covered with RCC slab) i.e. 98% of the total length of road is constructed
along with double side drainage system.
Table 4: Attributes of storm water drain of the considered catchment
S.N.
1
2
3

Road
Major road
Moderate road
Minor road/street
Total

Length of drain(m)
10629.00
20063.00
13457.00
44149.00
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The drainage network under those roads were grouped together and assigned in different drainage
network as shown in the Table 5. The drainage network in different road was converted into twelve
different drainage networks in this study. The details about the different network and their respective
length are shown in the table.
Table 5: Different Network and Their Details
S.
N.

1

2

3

Road
Network

Major
Road

Moderate
Road

Minor
road/Street
s

Drainage
Network

Description
Prithvi Chowk - Seti Bridge
Savagriha Chowk – Prithvi Chowk
Savagriha Chowk – Srijana Chowk
Srijana Chowk – Firke Khola
Zero KM – Firke Khola
Firke bridge – Zero KM
Bindabasini Chowk - Firke bridge
Prithvi Chowk - Birauta canal
Bindabasini Chowk- Srijana ChowkDam Side
Chipledhunga – Savaghriha Chowk
Jalpa Road
Nadipur - Manipal Chowk Nadipur
Manipal Chowk Nadipur Mahendapul
Mahedrapul - Nayabazar height
Nayabazar height - Prithvichowk
Bhairavtole Chowk - Nadipur
Ganeshtole – Palikhe Chowk
Bindabasini Hall road
Ghairhapatan road
Chipledhunga - Mahendrapul
Chipledhunga – Siddhartha Chowk
Siddhartha Chowk - Firke
Ganesh Road
Zero KM - Bulaudi
Jalapa Chowk - Nagdhunga
Ratna Chowk - Airport
Mustang Chowk – Rastra Bank
Chowk
Dam Side – Birauta Chowk

Prithvi Seti
Srijanachowk Firke
Firke Zero
Firke Zero
Bindabasini Firke
Birauta

Road Length
(m)
405.00
155.00
300.00
395.00
144.00
1853.00
992.00
1441.50

Drain Length (m)
523.00
155.00
300.00
790.00
288.00
3706.00
1984.00
2883.00

Damside

4987.00

9974.00

Prithvi Seti
Damside
Fulbari

1524.00
799.00
386.00

3048.00
1598.00
772.00

Mahendrapool

761.00

1522.00

Nayabazar outfall
Prithvi Seti
Nadipur Canal
Mahendrapool
Mahendrapool
Mahendrapool
Mahendrapool
Damside
Siddharathachowk
Firke
Prithvi Seti
Zero Bulaudi
Birauta
Birauta

220.50
1354.00
473.00
795.00
297.00
615.00
313.50
291.00

441.00
2708.00
946.00
1590.00
594.00
1230.00
627.00
582.00

299.00

598.00

797.50
775.00
556.00
689.00

1595.00
1550.00
1112.00
1378.00

Damside

488.00

976.00

339.50
22445.50

679.00
44149.00

Birauta
Total

Most of the drains was designed for rain water as load only and function under gravity system. The
longest drainage network is Damside network and Fulbari is the least long network under study.
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Table 6: Drainage Network and Total Length
S.N.
1
2
3
4
5
6
7
8
9
10
11
12

Drainage Network
Prithvi Seti
Mahendrapool
Fulbari
Nayabazar Outfall
Damside
Bindabasini Firke
Firke Zero
Siddharthachowk Firke
Srijanachowk Firke
Zero Bulaudi
Nadipur Canal
Birauta
Total

Total length (m)
8329.00
5563.00
772.00
441.00
13130.00
1984.00
3994.00
598.00
790.00
1550.00
946.00
6052.00
44149.00

Outfall
Seti River
Seti River
Seti River
Seti River
Fewa Lake
Firke River
Firke River
Firke River
Firke River
Bulaudi River
Nadipur Canal
Fewa Canal

3.2.1. DRAINAGE NETWORK: BIRAUTA
The total length of the network is 2600m and all length is equipped with two-sided open rectangular
drainage system. The total catchment area which is directly connected to this network is 74.70 ha. More
than 70 % of the catchment area is impervious which includes the paved road, residential and commercial
buildings, educational institutions, hospitals etc. It was found from the study that the existing drainage
system is unable to function properly and the major reason behind it is inadequate capacity of the current
drain and improper maintenance.
3.2.2. DAMSIDE DRAINAGE NETWORK
It is the longest drainage network considered in the study with the total length of 4987m. There is only
one outfall for the whole length in this network and the water is discharged through Dam Side to the
Fewa Lake.
The total catchment area of this network is 126.73 ha and only less than 20% of which is pervious. Most
of the area are covered with residential buildings, footpaths, paved roads etc. The existing size of the
rectangular drain provided becomes inadequate due to increased imperviousness than that designed
previously. Some of the conduits here have the loading factor of about 550.74%, which clearly states that
the existing size of the drain is far below the actual requirement.
3.2.3. DRAINAGE NETWORK: PRITHVI SETI
One of the troubles making drainage network which should be redesign in the immediate date to reduce
or avoid any harm caused by it is Prithvi Seti. 70.10ha is the total catchment area covered by this
network. More than 3/4th of the area is fulfilled with imperviousness thus causing higher percentage of
the rainfall to runoff. Paved roads and infrastructural buildings are the main causes of imperviousness in
this area.
3.2.4. DRAINAGE NETWORK: SRIJANACHOWK FIRKE KHOLA
The load factor of the existing one of the conduits in this area is only 35.22% which shows that the
existing capacity is more than requirement. The designed dimension of the same drain is lower than
existing one. This reduced size of the drain not only reduces the construction cost but also saves the
costly land. The total catchment area for this conduit is only 1.38ha. This drain receives rain water from
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the road surfaces mostly and some part of the buildings nears to the drain also has contribution towards
this conduit.
3.2.5. DRAINAGE NETWORK: FIRKE ZERO
Covering total area of 10.52 ha, this network found out that the sizing of the most of existing conduit is
sufficient in capacity to handle available water except two conduits. These two conduits of this network
are recently constructed by DoR Pokhara and under study it is found that the water carrying capacity of
the drain is quite feasible. The conduit provided received surface water from asphaltic road and area
directly connected to it.
3.3. SIMULATION OF HYKAS MODEL
HYKAS is powerful tool available which can be used for the analysis, assessment and design of sewer
network of any area, especially applicable to urban and sub-urban with or without sewerage system.
3.3.1. GRADE OF HYDRAULIC LOAD
The term "Load Factor" is used in this study in order to represent the condition of hydraulic load for
different considered conduit. The assigned degree of utilization of dimensioning is limited to 90%.

Figure 4: Grade of Hydraulic Load of the
Drainage Conduit in Existing Condition

Figure 5 grade of hydraulic load of the
drainage conduit in planned condition
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3.3.2. DRY WEATHER FLOW VELOCITY

Figure 6: Dry Weather Flow Velocity of the Considered Drainage
In case of dry weather, the flow pattern of the entire drainage network considered does not show any
serious sign.
From Figure 6, it can be seen that if the value of DWF is less than or equal to 0.25 n/s then condition is
worse but it will be below normal if the value is above 1.
3.3.3. ROUGHNESS COEFFICIENT
According to the guideline of A110 Chapter (3.1.1), for the determination of full flow values, the
operational roughness coefficient Kb is used. An average Kb value can be taken as according to the
section 4.1.2 and Table 4 of A110 guideline. For the unsteady calculation, instead of general roughness,
as according to A110 Ch. 4.4, individual concept can be used for the performance verification of
wastewater network.

Figure 7: Roughness coefficient
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3.3.4. OUTFALL OF THE NETWORK
There are altogether 10 outfall systems in the catchment but only 40% of this falls in to the Seti River.
The quality and beauty of the lake is degrading day to day due to the enrollment of the drainage water
along with various kinds of rubbish mixed with them.
4. CONCLUSION AND RECOMMENDATION
The problem of the catchment pertaining to flooding during storm events is high due to insufficient
drainage provisions and inadequate maintenance adopted. The percentage of the impervious areas is
increasing day by day and this ultimately causing the problem of flooding due to creation of high runoff
on the surface of the road. The magnitude of surface runoff becomes extremely large in these days due to
increased imperviousness. The other conclusions drawn after completion of the study are:
 The hydraulic design of the existing drainage network is inadequate to handle received surface water.
 Re-design and re-construction of existing drainage network is most essential based on the accurate
and most reliable flow estimation methods.
 The existing situation of the drainage network is quite complicated to transfer hydraulic load due to
long distance. In Dam Side network, the conduit transfers water up to 4987 m.
 More than 80% of the total considered catchment area is impervious and imperviousness is mainly
due to paved road, residential and commercial buildings etc.
 More than 40% outfall of the drainage network considered in the study is on the unstable water
courses.
After getting conclusion of the study, authors recommend for the improvement of the existing drainage
situation of the catchment, especially on those areas which is more vulnerable and imposing heavy risk to
users. The authors strongly suggest to all the stakeholders and responsible authorities that, it is advisable
to construct the drain only after going through extensive ground studies and adopting hydrological design
criteria. The maintenance of the drain has also plays the immense role for the effective functioning of the
drain. The other recommendations of the study are as following:
 Strong recommendation to government bodies involved in this field (PMC and DoR) that the design
and upgradation of the drainage network should be done on the basis of accurate and appropriate
hydrological and hydraulic analysis of the particular area. Adequate guidelines should be made
considering extensive ground study.
 The design of the perfect functioning of the drain is based on the assessment of the most accurate
surface flow which requires the time series rainfall data starting from 1-5 minutes and rainfall pattern
during period of rainfall. The drainage design is accurate following unsteady flow an estimation
method which requires multiple time series rainfall data; therefore, it is recommended that the
government should make the data collection and database system of rainfall.
 The government should prepare the guidelines for accessing the surface runoff for gauged and
ungauged catchment separately. Site specific and case-oriented methods should be on the priority in
order to access the accurate flows over the road surfaces.
 The change in land use pattern of the area since last few decades and their effects on the surface
runoff can be a research topic for future research.
 The effect of grey water on the surface drainage system and receiving water bodies should be
considered in the study. The quality of water plays the important role on human and other living
thing's health.
 It is recommended to make the trough study considering waste water as load or combined system
because in this study, only rain water is taken as load.
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 Storm water management of the city should be the priority of the stakeholder involved in the
transportation and environmental field.
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ABSTRACT
Masonry, the most commonly used building typology is the building of structures from individual units,
which are often laid in and bound together by mortar. Masonry structures are the most vulnerable with
external forces. Nepal is disaster prone zone and get frequently attack by various hazard such as
earthquake, wind storms, flash-floods, fire, landslides, heavy rain fall, lightening and many more. So, in
order to maintain resistive structures, seismic vulnerability of structure should be examined. Nepal
Population and housing Census 2011, total 3350143 (2,397,441 –Mud bonded bricks/stone and 952,702Cement Bonded bricks/ stone) houses out of 5423297 (61.77%) are found to be have masonry
foundations. So, to link the context of Resistance structures in Nepal’s context first of all, the
predominating stone masonry spread widely over Nepal must be checked for their seismic vulnerability.
So, a typical residential stone masonry building is taken for this study. Seismic Vulnerability of the
Building is examined in accordance with guidance provided by Government of Nepal- Ministry of
Physical Planning and Works, 2011 in their guideline which describe the procedure for qualitative and
quantitative assessment of structural earthquake vulnerability of public and private buildings in Nepal.
Furthermore, Building is modelled and analyzed by using ETABS software. The outcome obtained from
ETABS software are used to find the condition of building and to propose method for its strengthening.
Keywords: Nepal, Seismic Vulnerability, Stone Masonry Buildings
1. INTRODUCTION
Masonry, the most commonly used building typology is the building of structures from individual units,
which are often laid in and bound together by mortar. A built-up construction or combination of building
units or materials of clay, shale, concrete, glass, gypsum, stone or other approved units bonded together
with or without mortar or grout or other accepted methods of joining.[2] Being a heterogeneous
composition of masonry units and mortar, Masonry’s properties are directly dependent on the geometry
and mechanical properties of its constituents, arrangement of masonry units and workmanship.
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Masonry structures are the most vulnerable with external forces. Normally these are designed for vertical
loads and since masonry has adequate masonry compressive strength, the structure behaves well as long
as the loads are vertical. When these structures are subjected to lateral inertial loads during an earthquake,
the wall develops shear and flexure stresses. The strength of masonry under these conditions often
depends on the bond between units and mortar, which is quite poor. Shear failure in the form of diagonal
crack is observed due to this. [3]
Native country Nepal is disaster prone zone. Nepal lies on one of the most seismically active zone in the
world. By the end of 2017, 213807 earthquakes have been recorded by the National Seismological Centre
(NSC), Nepal out of which 108007 are local & regional and 105800 are teleseisms
(http://seismonepal.gov.np).Recently, on 25 April 2015 Nepal was hit by the devastating Gorkha
Earthquake-Mw 7.8. The earthquake was followed by a series of aftershocks. Besides earthquake Nepal
frequently got hit by various other hazards namely; wind storms, flash-floods, fire, landslides, heavy rain
fall, lightening. These hazards directly affect the life of people by causing fatalities and damage to their
households. Total 1,085,796 houses were damaged on the year 2015/16 in Nepal[4].Due to vast variation
in construction techniques and improper knowledge about the safety factors the building get damage due
to such hazard. The non-engineered design of masonry building (stone masonry) widely extended around
the nation is more vulnerable to these scenarios and get disproportionally high level of damage when
subjected to those events. Nepal Population and housing Census 2011, total 3350143 (2,397,441 –Mud
bonded bricks/stone and 952,702- Cement Bonded bricks/ stone) houses out of 5423297 (61.77%)[5] are
found to be have masonry foundations. So, to link the context of Multi-Hazard Resistance in Nepal’s
context first of all, the predominating stone masonry spread widely over Nepal must be checked for their
vulnerability subjected to multi-hazards. [4]

2. ADOPTED VULNERABILITY ASSESSMENT METHODOLOGY
The research methodology followed here includes combined steps of Seismic Vulnerability Evaluation
Guidelines for Private and Public Buildings, Nepal and ISO:13822 includes:[6]
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3. QUALITATIVE SEISMIC VULNERABILITY ASSESSMENT
3.1 ASSESSMENT OF THE BUILDING
Qualitative structural assessment of the building is done based on review of all available documents and
as-built set of drawing. Different seismic vulnerability factors are checked and expected and performance
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of the building is estimated for different earthquake intensities. Different steps of the assessment process
and their outcomes are described in this section.
3.1.1 IDENTIFICATION OF SEISMICITY OF THE REGION
The region of seismicity of the building is identified. This is done locating the building in seismic hazard
map of the region in which the building stands. The zone map of Nepal is provided in Nepal National
Building Code NBC 105: 1994 (Figure 8.2: SEISMIC ZONING FACTOR, Z). [7]

3.1.2. ESTABLISH SEISMIC TARGET PERFORMANCE LEVEL
Desired performance level of protection is established prior to conducting seismic evaluation and
strengthening. These are classified as:

•
•
•
•

Operational
Immediate occupancy
Life safety (Residential Buildings)
Collapse Prevention
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3.1.3. OBTAIN AS-BUILT INFORMATION
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3.1.4. BUILDING TYPOLOGY IDENTIFICATION
Stone in Mud: These are stone-masonry buildings constructed using dressed or undressed stones with
mud mortar. These types of buildings have generally flexible floors and roof.
3.1.5. DETERMINING FRAGILITY OF THE IDENTIFIED BUILDING TYPOLOGY
The probable damage to the building structures, that are available in Nepal and the region, at different
intensities are as
From Table 2 (a) Building Fragility: Adobe+ Field Stone Masonry Building [1]

3.1.6. IDENTIFICATION OF VULNERABILITY FACTORS
Vulnerability Factors Identification
Appropriate checklists cover the basic vulnerability factors related to building systems, lateral force
resisting systems, connections and diaphragms which will be evaluated mostly based on visual
observation.
Structural Assessment Checklist for Type 1 Buildings (Adobe, Stone in Mud, Brick in Mud)
Adopted from Seismic Vulnerability Evaluation Guideline for Private and Public Buildings. 2011 [1]
Building System
C NC N/A SHAPE: The building is not completely symmetrical in plan and regular in elevation.
C NC N/A PROPORTION IN PLAN: The breadth to length ratio of the building is within 1:3. The
building height is no more than three times the width of the building.
C NC N/A STOREY HEIGHT: The floor to floor height of the building is between 2-3 m.
C NC N/A NUMBER OF STORIES: The building is up to two stories only.
C NC N/A FOUNDATION: Depth is maintained but masonry arrangement not as specified.
C NC N/A SLOPING GROUND: The slope of the ground is plain.
C NC N/A PLUMBLINE: Walls of the foundation and superstructure shall be true to plumb line and
the width of the wall shall be uniform.
C NC N/A WALL CORE: There shall be no mortar packing in the core of the wall.
C NC N/A THROUGH-STONES: In case of stone building, the walls shall have plenty of throughstones extending the whole width of the walls. The maximum spacing of such through-stones shall be
within 1.2 m horizontally and 0.6 m vertically.
C NC N/A WALL THICKNESS: The minimum wall thickness for stone masonry type in mm for Two
storey heights shall not be less than 450mm.
C NC N/A UNSUPPORTED WALL LENGTH: The maximum length of unsupported wall shall not
be more than 12 times its thickness. If the length of unsupported wall is more than 12 times its thickness,
buttressing shall be provided.
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C NC N/A HEIGHT OF WALLS: The thickness to height ratio of a wall shall not be more than 1:8 for
stone building and 1:12 for brick building.
C NC N/A OPENINGS IN WALL: The maximum combined width of the openings on a wall between
two consecutive cross-walls shall not be more than 35% of the total wall length for one-storey building
and not more than 25% of the total wall length in two storey building.
C NC N/A POSITION OF OPENINGS: Openings shall not be located at corners or junctions of a wall.
Openings shall not be placed closer to an internal corner of a wall than half the opening height or 1.5
times the wall thickness, whichever is greater. The width of pier between two openings shall not be less
than half of the opening height or 1.5 times the wall thickness, whichever is greater. The vertical distance
between two openings shall not be less than 0.6 m or half the width of the smaller opening, whichever
is greater.
C NC N/A LOAD PATH: The structure shall contain at least one rational and complete load path for
seismic forces from any horizontal direction so that they can transfer all inertial forces in the building to
the foundation.
C NC N/A VERTICAL DISCONTINUITIES: All vertical elements in the lateral-force-resisting
system shall be continuous to the foundation.
C NC N/A MASS: There shall be no change in effective mass more than 100% from one storey to the
next.
C NC N/A TORSION: The estimated distance between the storey center of mass and the storey center
of stiffness shall be less than 30% of the building dimension at right angles to the direction of loading
considered.
C NC N/A MASONRY UNITS: There shall be no visible deterioration of masonry units.
C NC N/A WALL CRACKS: There shall be no existing diagonal cracks in wall elements greater than
1/16" or out-of-plane offsets in the bed joint greater than 1/16".
C NC N/A MASONRY LAY-UP: Filled collar joints of multi wythe masonry walls shall have negligible
voids.
C NC N/A VERTICAL REINFORCEMENT: There shall be vertical reinforcement at all corners and
T-junctions of masonry walls and it shall be started from foundation and continuous to roof.
C NC N/A HORIZONTAL BANDS: There shall be steel or wooden bands located at the plinth, sill
and lintel levels of the building in each floor.
C NC N/A CORNER STITCH: There shall be reinforced concrete or wooden elements connecting two
orthogonal walls at a vertical distance of at least 0.5 m to 0.7 m.
C NC N/A GABLE BAND: If the roof is slopped roof, gable band shall be provided to the building.
Lateral Force Resisting System
C NC N/A REDUNDANCY: The number of lines of walls in each principal direction shall be greater
than or equal to 2.
Diaphragms
C NC N/A DIAGONAL BRACING: All flexible structural elements of diaphragms such as joists and
rafters shall be diagonally braced and each crossing of a joist/rafter and a brace shall be properly fixed.
C NC N/A LATERAL RESTRAINERS: Each joists and rafters are restrained by timber keys in both
sides of wall.
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Geologic Site
C NC N/A NK AREA HISTORY: Zero Evidence of history of landslides, mud slides, soil settlement,
sinkholes, construction on fill, or buried on or at sites.
C NC N/A NK LIQUEFACTION: No Liquefaction susceptible.
C NC N/A NK SLOPE FAILURE: The building site is sufficiently remote from potential earthquake
induced slope failures or rock falls to be unaffected by such failures
Reinterpretation of the Building Fragility Based on Observed Vulnerability Factors
After thorough analysis and interpretation of vulnerability factors, the building is categorized as average
of that particular building typology, according to which the probable performance of the building at
different intensities of earthquake in terms of damage grade is expected to be moderate to heavy. Figure
Explaining Damage Grade[1]
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3.2. CONCLUSIONS AND RECOMMENDATION
The safety of the building is inadequate and the building is in imminent danger of collapse in the event
of an earthquake. The building is suggested to retrofit. But the proposed retrofit scheme should be
technically feasible and economically viable (Usually retrofitting is considered suitable if the cost of
retrofitting is within 30% of the cost of new construction).
4. QUANTITATIVE SEISMIC VULNERABILITY ASSESSMENT
4.1. INTRODUCTION
This second phase study of seismic vulnerability assessment which is a quantitative approach and
follows qualitative analysis. Before embarking on seismic retrofitting, seismic deficiencies shall have to
be identified through a seismic evaluation process using a methodology described previous. The first
phase assessment is general seismic vulnerability assessment method based on qualitative approach to
identify the seismic deficiencies in the building. If the first phase study finds seismic deficiencies in the
building and possible seismic performance is not up to the acceptable level/criteria, it recommends either
second phase assessment or concludes the evaluation and state that potential deficiencies are identified.
The second phase assessment involves a more detailed seismic evaluation with complete analysis of the
building for seismic strengthening measures as modifications to correct/reduce seismic deficiencies
identified during the evaluation procedure in first phase. Detail information about the building is
required for this step of evaluation. Seismic retrofit becomes necessary if the building does not meet
minimum requirements of the current Building Code, and may suffer severe damage or even collapse
during a seismic event.
The most important issue when beginning to evaluate the seismic capabilities of an existing building is
the availability and reliability of structural drawings. Detailed evaluation is impossible without framing
and foundation plans, layout of preliminary lateral force elements, reinforcing for concrete structures,
and connection detailing. This chapter assumes that sufficient information is available to perform a
seismic evaluation that will identify all significant deficiencies.
4.2. REVIEW INITIAL CONSIDERATIONS
Review of Qualitative Analysis is done.
4.3. DECIDE PERFORMANCE OBJECTIVE
The performance objective needs to be defined before analyzing the building for retrofit. The
performance objective depends on various factors such as the use of building, cost and feasibility of any
strengthening project, benefit to be obtained in terms of improved safety, reduction in property damage,
interruption of use in the event of future earthquakes and the limiting damage states. The minimum
objective considered here is Life Safety i.e. any part of the building should not collapse threatening
safety of occupants during a severe earthquake.
4.4. DESIGN BASIS EARTHQUAKE
Seismic hazard due to ground shaking shall be based on the location of the building with respect to
causative faults, the regional and site-specific geologic characteristics, and a selected earthquake hazard
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level. Seismic hazard due to ground shaking shall be defined as acceleration response spectra or
acceleration time histories on either a probabilistic or deterministic basis. Seismic strengthening of
buildings shall comply with the design criteria and procedures as specified in national building codes
and standards of earthquake engineering.
A building must have been designed and constructed or evaluated in accordance with the current
seismicity of the region
4.5. DETAILED INVESTIGATION
For evaluation of member capacities, precise values of the material strength and the dimensions are
desirable. For this, various techniques are employed for determining the strength of the material.
Tests
Masonry Wall
China-Nepal joint experiment of retrofit project was held successfully at Kunming, Yunnan Province on
21-22 January 2017.International Center for Collaborative Research on Disaster Risk Reduction
Unit Weight of Masonry = 22 KN/m3
Modulus of Elasticity (E) = 74MPa (From China Wall test)
Allowable Compressive Strength = 0.49 MPa
Allowable Tensile Strength= Neglected
Allowable Shear Strength= 0.096 MPa (From Shake table test) (40% of Ultimate)
Teak Wood
Wt. per unit Volume = 0.000007N/mm3
Modulus of Elasticity (E) = 9400 MPa
Shear Modulus (G) = 4086.96 MPa

4.6. SEISMIC ANALYSIS AND DESIGN
The detail seismic evaluation refers to the structural analysis of the building. Structural analysis is a part
of the detailed evaluation of an existing building. The method of analysis is to be finalized at this stage
based on building data. The evaluation procedure includes an analysis using Linear Dynamic procedure.
The steps include developing a computational model of the building, applying the external forces,
calculating the internal forces in the members of the building, calculating the deformations of the
members and building, and finally interpreting the results. The structural analysis is performed using a
suitable computer analysis program. The relevant seismic code is referred for lateral load calculation.
The model is analyzed for the individual load cases after the computational model is developed and the
loads are assigned.
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ETABS OUTPUT CONVENTION FOR SHELL ELEMENT INTERNAL FORCES
The shell element internal forces, like stresses, act throughout the element. They are present at every
point on the mid-surface of the shell element. ETABS reports values for the shell internal forces at the
element nodes. It is important to note that the internal forces are reported as forces and moments per unit
of in-plane length. Output Convention for Shell Stresses [8]

The figure above illustrates the positive directions for shell element internal stresses S11, S22, S12, S13
and S23. Also shown are the positive directions for the principal stresses, S-Max and S-Min, and the
positive directions for the maximum transverse shear stresses, S-Max-V.
LOAD CONSIDERED FOR THE ANALYSIS:
 DL
 LL
 EQ
GRAVITY AND LATERAL LOAD ANALYSIS
Linear and elastic finite element Model was run for the Lateral load corresponding to the basic seismic
coefficient of 0.45 (Critical of both NBC 105:1994 and IS 1893:2016). [7] [9]
LOAD COMBINATION: FOR WORKING STRESS METHOD AS PER NBC 105:1994
• DL+LL
• 0.7DL+EQx
• 0.7DL-EQx
• 0.7DL+EQy
• 0.7DL-EQy
• DL+LL+EQx
• DL+LL-EQx
• DL+LL+EQy
• DL+LL-EQy
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LATERAL LOAD CALCULATION

Figure: Finite Element Modelling of Study Building





Age of Building: 3 Years
Shape: Rectangular
Storey: Two
o Length:9042 mm (29ft 8in)
Breadth:8077mm (26ft 6in)
o Height:5766 mm (18ft 11in)

Figure: Calculation of Stress
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CHECK FOR COMPRESSIVE STRESS
Compressive Stress S22 demand in load bearing Stone Masonry Wall due to Site Specific Earthquake
loading is well within permissible limits except in very Small location of Stress Concentrations at
Corners. Also, according to data sheet from Etabs Tension are predominant on some of the critical
section of the Building so to resist both stress Building should follow Retrofitting methods.
5. RETROFITTING METHODS
5.1. SPLINT AND BANDAGE





Suitable up to three storey, preferable for two storey
Intervention time-Moderate
Cost-Moderate
Performance Level-Life Safety

The Splint and Bandage system is considered as an economic version of jacketing where reinforcing
bars are provided at most critical locations (Figure 6), wherever stress concentrations can develop.
Splints are vertical elements provided at corners, wall junctions and jambs of openings in the external
faces of the building. The objective is to provide integrity in vertical direction.
The bandages are horizontal elements running around all the walls and building to integrate various
walls together thereby preventing potential out of plane collapse of walls. In addition, openings are also
surrounded by splints and bandages to prevent initiation and widening of cracks from their corners.
Splints are provided in the external face only. The bandages could be provided on both the faces of the
walls just at the lintel, eaves and sill level. This method is inferior to jacketing but better than bolting as
discussed below in terms of safety enhancement.
The Gorkha Earthquake-2015, has damaged many buildings of Kathmandu valley. The seismic
enhancing elements are missing in most of the masonry buildings of Nepal. So, such buildings were
effected more by the Gorkha earthquake. Such buildings are highly vulnerable to future larger
earthquakes. The studied building is also found to be highly vulnerable in future large earthquakes. But
the seismic performance capacity of the buildings can be enhanced by various techniques of retrofitting.
The same suggestion is given for the building of Administrative Staff College. As the building is
comparatively a heavy structure with poor seismic enhancing elements, the cost of retrofitting will be
higher in comparison to the ordinary residential masonry building. However, the building can be made
safer and serviceable by appropriate techniques of retrofitting.
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Figure: Sketch up modelling of Considered Building

Figure: Sample Splint and Bandage Retrofitting on South Wall of Considered Building

6. CONCLUSION
Many past Earthquake including Major Gorkha Earthquake and its aftershocks have damaged prevailing
stone masonry dwellings within our country so seismic enhancing of such damaged building is very
essential to make reconstruction and as a whole living better. So seismic vulnerability of such building
should be done more precisely and retrofitting options should be suggested to such buildings as done in
this research.
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ABSTRACT
Use of ultra-low sulfur diesel leads to improve emission but it has negative impact on lubrication. Poor
lubrication leads to damage the cylinder parts and piston rings. For proper lubrication in ultra-low sulfur
diesel, anti-wear agent, corrosion & Rust inhibitor, metal deactivator, Anti-oxidant, Pour point
depressant, seal swell agent, viscosity improver and other are used. Viscosity improver such as polymers
and copolymers of methacrylates, butadiene olefins and alkylated styrenes reduce the rate of viscosity
change with temperature, metal deactivator are organic complexes containing nitrogen or sulphur,
amines, sulphides and phosphites reduce catalytic effect on metals on oxidation rate, anti-wear agent
such as Zinc dithiophosphates, organic phosphates and acid phosphates reduces friction and wear and
prevent scoring and seizure. In this paper comparison of 5% blend of commercially available synthesized
lubricating oil mixed with pure diesel by volume and 5% blend of transesterified Jatropha with pure
diesel by volume is investigated. It is found that for the same brake power, indicated power provided by
5% blend of transesterified Jatropha is lower than 5% blend of lubricating oil. The friction loss for 5%
blend of transesterified Jatropha is lower than 5% blend of lubricating oil. Throughout the load specific
fuel consumption of 5% blend of transesterified Jatropha is lower than 5% blend of lubricating oil except
at low load (i.e. before 1.5kg). Other performance parameters such as indicated thermal efficiency, brake
thermal efficiency, volumetric efficiency and mechanical efficiency also support the fact that 5% blend
of transesterified Jatropha shows a better performance characteristics than 5% blend of lubricating oil.
Keywords: Frictional Power, Low Sulfur Diesel, Lubricity, Biodiesel, Ultra-Low Sulfur Diesel
1. INTRODUCTION
In comparison of low sulfur diesel, Ultra-low sulfur diesel is regarded as a cleaner burning diesel fuel
having a sulfur content that is about 97% less than that of low sulfur diesel fuel. As part of initiative to
substantially lower the emission of particulate matter in diesel engine, in 2006 European Union has taken
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an initiative to replace low sulphur diesel by ultra-low sulfur diesel. Hydrodesulferization of diesel leads
the diesel fuel to loss its lubricty. Though the loss of lubricity of the diesel fuel is observed with the
removal of sulphur but it is mainly due to the loss of nitrogen and oxygen based polar trace compounds
from diesel which are also removed in the due process of Hydrodesulferization. [1]
Hydrogenation deals with addition of hydrogen in compound. Hydrogenolysis is one of the type of
hydrogenation that results in the removal of the C-X chemical bond, where C denotes carbon atom and
X denotes sulfur, nitrogen or oxygen atom. The outcome of a hydrogenolysis reaction is formation of CH and H-X chemical bonds. Thus, hydrodesulfurization is a type of hydrogenolysis reaction. Ethanethiol
(C2H5SH) is a sulfur compound that is present in some petroleum refining stream. Hydrodesulfurization
reaction can be expressed as:
Ethanethiol + Hydrogen ⇒ Ethane + Hydrogen Sulfide

C2H5SH + H2 ⇒ C2H6 + H2S

Traditionally viscosity is an indicator for a fuel to provide wear protection against metal parts but for
ultra-low sulfur diesel higher viscosity could cause severe adhesive wear in rotatory distributor pumps
[2]. In the due course of improving lubricity property, biodiesel form a film to prevent mechanical
contact between the two metal parts. [3]. [4] Noticed that he sulfur content has influence on diesel
lubricity, low sulfur content gets worse lubricity, but this lubricity can be restored with biodiesel. He
further stated that Biodiesel showed better friction reduction performances than the different commercial
diesels. However, blends of biodiesel and diesel present similar tribological performance and can be
used as an excellent fuel. Mixtures of 5 and 10% biodiesel with diesel fuel (without a conventional
lubricity additive) have lubricity values that are similar to conventional automobile diesel fuel. [5]
[3] Studied the effects of biodiesel from palm and Jatropha oils on improving the lubricity properties of
ultra-low sulfur via high-frequency reciprocating rig technique and found that Jatropha biodiesel is
superior lubricity additive than palm biodiesel because of the presence of longer chains of fatty acid in
Jatropha oil than that of palm oil and concluded that biodiesel can be used as a lubricity additive to ultralow sulfur diesel with as little as 0.25-0.5% blends.
2. MATERIAL AND METHOD
Test was performed on a single cylinder 4 stroke diesel engine. Detail specification is:
Power 3.50 kW
RPM 1500, Constant Speed
Water Cooled Diesel Engine
Cylinder Bore 87.50(mm)
Stroke Length 110.00(mm)
Connecting Rod length 234.00(mm)
Compression Ratio 17.5
Swept volume 661.45 (cc)
Performance Parameters:
Orifice Diameter (mm): 20.00
Orifice Coefficient of Discharge: 0.60
Dynamometer Arm Length (mm): 185
Fuel Pipe diameter (mm): 12.40
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Ambient Temp. (Degree C): 27
Pulses Per revolution: 360

Figure 1: Test Engine

Used lubricating oil is Castrol Activ 4T 200W-40 having the enlisted property.
Name
Density @ 15°C, Relative
Viscosity, Kinematic 100°C
Viscosity, Kinematic 40°C
Viscosity Index
Total Base Number, TBN

Method
ASTM
D4052
ASTM D445
ASTM D445
ASTM
D2270
ASTM
D2896

Units
g/ml

Typical
0.88

mm²/s
mm²/s

14.0
120
110

mg KOH/g

9.58

Transesterified Jatropha is used having the enlisted fuel property.
Name
Density @ 15°C
Viscosity, Kinematic 40°C
Calorific Value
Flash Point
Fire Point
Cloud Point

Unit
Kg/m³
m²/s
KJ/Kg
°C
°C
°C

Value
875
5.72
39500
38
42
14
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3. EXPERIMENT OUTCOME.
3.1. PERFORMANCE RESULT

IP diesel

IP 5% lubricant

IP 5% Jatropha

7
INDICATED POWER(KW)

6
5
4
3
2
1
0

0.2 0.6

1

1.4 1.8 2.2 2.6 3 3.4 3.8 4.2 4.6
BRAKE POWER(KW)

5

Figure 2: Indicated power vs Brake power
From the above figure, for the same brake power provided among diesel, 5% lubricating oil blend with
diesel and 5% Jatropha oil blend with diesel, 5% Jatropha blend with pure diesel by volume gives the
same brake power with lower value of indicated power.
FP 5% lubricant

FP 5% Jatropha

1.5
1
0.5
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
2.2
2.4
2.6
2.8
3
3.2
3.4
3.6
3.8
4
4.2
4.4

FRICTIONAL POWER(KW)

FP diesel

BRAKE POWER(KW)
Figure 3: Frictional power vs Brake power

From the above figure, for the same brake power provided among diesel, 5% lubricating oil blend with
diesel and 5% Jatropha oil blend with diesel, 5% Jatropha blend with pure diesel by volume gives the
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same brake power at lower frictional power. This means frictional loss provided by 5% Jatropha blend
with pure diesel is lower than 5% lubricating oil blend with diesel and then pure diesel.
SFC diesel (kg/kWh)

SFC 5% Lubricant (kg/kWh)

SFC 5% Jatropha (kg/kWh)
SFC(KG/KWH)

2.5
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0

0 . 5 1 . 5 2 . 5 3 . 5 4 . 5 5 . 5 6 . 5 7 . 5 8 . 5 9 . 5 1 0 . 51 1 . 5
LOAD(KG)
Figure 4: Specific fuel consumption vs Load

From the above figure it is found that at lower load, , 5% lubricating oil blend with diesel shows the low
specific fuel consumption. On the average throughout the load, 5% jatropha blend with pure diesel by
volume shows a lower specific fuel consumption among diesel, 5% lubricating oil blend with diesel.
IThEff Diesel (%)
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Figure 5: Indicated thermal efficiency vs Load

From the above figure it is shown that higher indicated thermal efficiency is shown by 5% lubricating
oil blend with diesel among 5% jatropha blend with pure diesel by volume and pure diesel. Indicated
thermal efficiency shows what fraction of heat supplied is converted into indicated work. So from the
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figure it is found that 5% lubricating oil blend with diesel by volume converts the formed heat into
indicated work i.e. Higher indicated work is performed by 5% lubricating oil blend with diesel
BThEff Diesel (%)

BThEff 5% Llubricant (%)

BRAKE THERMAL
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Figure 6: Brake thermal efficiency vs Load

From the above figure it is shown that at ow load, higher brake thermal efficiency is shown by 5%
lubricating oil blend with diesel among 5% jatropha blend with pure diesel by volume and pure diesel.
But with the rise of load higher brake thermal efficiency is shown by 5% jatropha blend with pure diesel
by volume. Brake thermal efficiency shows what fraction of heat supplied is converted into useful work
i.e. Energy supplied to engine shaft. So from the figure it is found that 5% jatropha oil blend with diesel
by volume converts the formed heat into useful work i.e. Higher useful work is performed by 5% jatropha
oil blend with diesel by volume among 5% lubricating oil blend with diesel and pure diesel.
Mech Eff Diesel . (%)
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Figure 7: Mechanical efficiency vs Load

For a same brake power, mechanical efficiency is indirectly proportional to indicated power. From the
above graph it is found that 5% jatropha blend with pure diesel by volume shows higher mechanical
efficiency than 5% lubricating oil blend with diesel by volume and pure diesel.
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Figure 8: Volumetric efficiency vs Load

From the figure it is found that lower volumetric efficiency of that 5% jatropha blend with pure diesel
by volume is lower than 5% lubricating oil blend with diesel by volume and pure diesel this means low
volume of air is taken into cylinder for 5% jatropha blend with pure diesel by volume
4. CONCLUSION
5% blend of Transesterified Jatropha with diesel shows better lubricating nature then 5% blend of
lubricating oil with diesel.
 For the same breake power, 5% blend of Transesterified Jatropha with diesel shows lower specific
fuel consumption, indicated power and frictional power.
 Volumteric effeciency of 5% blend of Transesterified Jatropha with diesel is lower than 5% blend
of lubricating oil with diesel and pure diesel this is due to low combustion temperature.
 Mechanical effiency and brake thermal efficiency of 5% blend of Transesterified Jatropha with
diesel is lower than 5% blend of lubricating oil with diesel and pure diesel this shows a better
performance characteristics shown by 5% blend of Transesterified Jatropha with diesel
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ABSTRACT
This paper aims to design and test a foldable, lightweight wheelchair propelled by a pair of electric
motors. Starting from literature review, the research team carried out the design and solid modeling of
proposed wheelchair. Solidworks software was used to make the computer model. The wheelchair frame
comprised of a chair like frame with two pairs of wheels on front and back. The defined electric
wheelchair is completed with the coordination of manual and electric system. A pair of electric motor is
fitted on wheels at backside which are controlled by the electronic controller powered by the battery.
The folding mechanism developed on the wheelchair was aimed for ease of transport and storage. The
frame material was selected to be aluminum alloy. Lithium ion battery and geared electric motors were
used in the prototype and motion control was done by joystick. Locking mechanism was used for frame
locking during operation. The prototype was subjected to different tests. The unfolded dimensions of
wheelchair were 850mm×620mm×1400mm (0.738m3) and whereas the folded dimensions were
1100mm×620mm×520mm (0.354m3) that resulted 52.03% reduction in volume. The mass of wheelchair
was measured to be 22kg. The tested data of wheelchair was found to be 10 km approximately.
Keywords: Foldable, Solidworks Model, Stability Test, Volume, Wheelchair
1. INTRODUCTION
A wheelchair is a chair with wheels, used when walking is difficult or impossible due to illness, injury
or disability. There are wide varieties of wheelchair according to needs as indoor or outdoor, sports or
medical, etc. In terms of the power used for propelling, it can be classified as manual and powered
wheelchairs. Motorized or powered wheelchair is a wheelchair that is propelled by means of an electric
motor [1]. The energy required to propel the wheelchair is chemical energy from the battery. An electric
system consisting of input, controller, battery, microchip, motor, etc. are integrated in wheelchair.
Several studies have shown that both children and adults benefit substantially from access to a means of
independent mobility, including power wheelchairs, manual wheelchairs, scooters, and walkers [2].
Motorized wheelchairs are useful for those unable to propel a manual wheelchair or who may need to
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use a wheelchair for distances or over areas which would be fatiguing in a manual wheelchair. Not only
physically challenged people even this can be utilized by other people for short travel within a limited
boundary like as inside a university or any working areas [3]. Motorized wheelchairs are designed for
indoors, outdoors or even both. Folding ability of the wheelchair make it easier for the transportation
and compact design occupies less space.
In 1655, Stephan Farffler, a 22-year-old paraplegic watchmaker, built the world's first self-propelling
chair on a three-wheel chassis using a system of cranks and cogwheels. However, the device had an
appearance of a hand bike more than a wheelchair since the design included hand cranks mounted at the
front wheel [4]. An electrically propelled tricycle was developed by the R.A. Harding Company in
England in the 1930s. The electric-powered wheelchair was invented by George Klein who worked for
the National Research Council of Canada, to assist injured veterans after World War II [5].
2. PROBLEM STATEMENT
Manual wheelchairs are troublesome to operate for differently able and weak people [6]. Non ambulatory
children lack access to the wealth of stimuli afforded self-ambulating children. The lack of exploration
and control often produces a cycle of deprivation and reduced motivation that leads to learned
helplessness [7]. In case of Nepal, till date, electric wheelchairs are imported from abroad and have been
time and cost consuming. Also most of them are difficult to pull over the lane or ground while folded.
So, this research was aimed to decrease the height resulting in decrease of overall volume of the
wheelchair and uses the local resources available for the complete production. It was expected for ease
of transportation and storage through the help of a locking mechanism.
3. RESEARCH OBJECTIVE
The major objective of this research was to design and test the foldable electric powered wheelchair. The
specific objectives are as follows:





To design the wheelchair frame and allocate the position of components.
To select the lock and folding mechanism.
To fabricate the wheelchair including all the components.
To test the performance of the wheelchair as per standard guidelines.
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4.

RESEARCH METHODOLOGY

Followings were the research activities conducted sequentially for completion of the task.
a.
b.
c.
d.
e.
f.
g.
h.
i.

Problem Detailing
Literature Review
Concept Development
Material Availability
Design Calculation
Computer Aided Drafting
Fabrication
Performance Testing
Final Reporting

5.

DESIGN SUMMARY

5.1. MOTOR
Table 1: Motor power calculation
S.N.

Term

Formula**

1

Rolling Resistance

Rr = µ× m× g× cosӨ

13.53 N

2

De-Alembert’s Force:

Fd=m× a

23.8 N

3

Component of weight down the incline

(Fw)= m× g ×sin10˚

238.49 N

4

Aerodynamic Force

(Fa)= 1/2 × ρ× A× C×(Vr)2

24.22 N

5

Total force

Ft = Rr + Fd + Fw + Fa

300.04 N

6
7

Largest torque requirement
Power requirement (500 W selected)

Value

Ft× r

45.006 Nm

Ft× v

501.07 watt

5.2. BATTERY
A motor with 250 Watts was selected to draw 8 A current at maximum [8]. So, supplying current to both
motors being 250 watts each, the battery must provide 16A at most. The average speed of wheelchair is
6 Kmph and average travel distance of a wheelchair in a day is 8 Km travel distance in a day with full
charge. The time of use of wheelchair is 8/6 =1.34hrs. So, the capacity of battery is = 16× 1.34 = 20.8
Ah (20Ah is selected)
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5.3. WHEELCHAIR FRAME
S.N.

Terms

Formula [9]

Value

1

Factor of Safety

1.5

2

Total Stress on Pipe for Eccentric
Axial Loading

3

Critical Load on Pipes for Buckling

4

Average Shear Stress on Joint Pins

5

Average Bearing Stress on Joint pins

6

Bending Stress on Joint Pins

7

Design of Bolt for Shear Stress

8

Design of Bolt for Bearing Stress

9

Design of Bolt for Bending

ultimate load
allowable load
(σx)= (σx)centric+ (σx)bending
P My
or, σx = +
A
I
solving for diameters
𝜋𝐸𝐼
𝑃𝑐𝑟 = 2
𝐿
solving for diameters
P
τave =
A
solving for diameter
P
σb =
A
solving for diameter
𝐼 𝑀𝑚𝑎𝑥
=
𝐶
𝜎𝑎𝑙𝑙
solving for diameter
P
σall =
A
solving for diameter
P
σb =
td
solving for diameter
𝐼 𝑀𝑚𝑎𝑥
=
𝐶
𝜎𝑎𝑙𝑙
solving for diameter
fs =

𝑑0 ≥ 0.0120911 𝑚

𝑑0 ≥ 0.015 𝑚
𝑑 = 0.00108 𝑚
𝑑 = 6.18 × 10−6 𝑚
𝑑 = 5.27 × 10−3 𝑚
𝑑 = 7.44 × 10−4 𝑚

𝑑 = 4.83 × 10−6 𝑚

𝑑 = 3.81 × 10−3 𝑚

5.4. STRENGTH ANALYSIS OF FOLDING LOCK MECHANISM

Figure 1: Analytical Calculation of Working Mechanism of Folding Lock
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The folding lock was tested for strength as below:
Moment about centre = 800 × 0.2 Nm = 160 Nm
80 Nm moment is supplied by each side’s lock system in order to lock the wheelchair folding.
R b = 0.065 × sin 45 ͦ = 0.05 m
Fb × R b = 80

or, Fb =

80
0.05

= 1600 N

Lock material’s dimension is l × b × h from turning point to the base of it.
The shear average strength withstood by it is
σs =
Bearing,σb =

Fb
0.008×b

=

1600
0.008×0.02

Fb
1600
=
= 2.7 × 10⁷ N⁄m2
l × b 0.03 × 0.02
= 1 × 107 N⁄m2

The bearing and shear stress withstood by bolt holding the lock material is,
σb =
σs =

Fb
1600
=
= 1 × 107 N⁄m2
0.008 × b 0.008 × 0.02

Fb
1600 × 4
=
= 3.2 × 107 N⁄m2
2
π × (0.008 )
π × 0.0082
4

Comparing the above data with the Mechanical Properties of the materials [10], it is concluded that
lock material is strong enough to hold the folding while operation

Figure 2: Unfolded Front View of the Wheelchair

Figure 3: Folded Front View of the Wheelchair
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6.

PERFORMANCE TEST

Angle in degrees

6.1. STATIC STABILITY TEST
80
70
60
50
40
30
20
10
0

Downhill without load
Test 1

Uphill without load
Test 2

Test 3

Sideways incline without
load

Average

Figure 4: Static Stability Test Chart

6.2. DETERMINATION OF ENERGY CONSUMPTION OF ELECTRIC WHEELCHAIR

8
7
6
5
4
3
2
1
0

Lap 1

Lap 2

Lap 3

Lap 4

Velocity (m/s)

Lap 5

Average

Current (A)

Figure 5: Comparison of Current and Velocity for each 20m Lap distance
The average value of velocity was found to be 1.83 m/s and Average consumption of current on 20m
distance was 6.64 A.
Rated Ampere hours of battery =20 Ah
Total Distance = 100 m
Total Time= 54.8 sec
From calculation, theoretical range of travelling = 9.84 km
120

Journal of Innovations in Engineering Education | Vol: 3 | Issue: 1 | March 2020

stopping Distance (m)

6.3. MAXIMUM SPEED AND STOPPING DISTANCE
3.1
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2.9

2.8
2.7
2.6
2.5

1.5

1.6

1.7
1.8
1.9
Initial Velocity (m/s)

2

2.1

Figure 6: Stopping Distance with respect to Initial Velocity
6.4. DIMENSION TEST
S. N.
1
2

Wheelchair
condition
Unfolded
Folded

Length
(m)
0.85
1.10

Breadth
(m)
6.20
6.20

Height
(m)
1.40
0.52

Total
volume (m3)
0.738
0.354

Remarks
52.03% volume
reduced

6.5. OBSTACLE CLIMBING TEST
The Obstacle climbing test was carried out and it was concluded that the obstacle could not climb
obstacle of height more than 3 cm.
7.

CONCLUSION

Referring to the major objective of this research, the Foldable Electric Powered Wheelchair was
designed, fabricated and tested. During this, following conclusions were drawn:
1.
2.
3.
4.

8.

The wheelchair frame was designed and modeled in Solidworks Software.
Four-bar folding mechanism and folding-shelf locking mechanism were used which resulted in
52.03% volume reduction.
The fabrication of designed wheelchair was done and different components were fitted to form up
a fully functional wheelchair.
Maximum stability was obtained on downhill condition whereas the theoretical range for wheelchair
was calculated to be 9.84 Km.
RECOMMENDATIONS

The following recommendations were drawn for the future improvement:
a. Use of motors with solenoid brakes can be introduced in order to overcome the braking limitations.
b. Suspension systems can also be used for shock absorption and comfort.
c. Wheels of larger radius can be used in order to climb obstacles of higher height.
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ABSTRACT
Reliability engineering is emerging field which provides a tools to ensure the system is capable to deliver
reliable product and service to the customer. Electricity is one of the most important human needs in this
modern age. So reliability of such facilities plays important role in the quality of life and the economy
of the county. Hydropower is one of the main source of energy in Nepal, whose reliability plays
important role to successful transaction of traditional fuel to electricity to ensure the targeted energy
consumption by government of Nepal in fifteenth five year plan. So this paper foster the way of
improving the reliability of hydropower plant to ensure the reliability of power supply in National grid.
As the study carried out in Bijayapur-I small Hydropower plant, the reliability and availability found as
0.876 and 0.793 only and insufficient flow seems the major contribution to decrease reliability as
scheduled outage, whereby problem in turbine section plays important role to reduce the reliability in
the electromechanical system of the plant whose contribution in reliability and availability is 79% so any
failure in turbine section adversely affects the performance of plant. Due to this the maintenance strategy
should be focused on turbine section. And the study recommended to increase the frequency of flushing
of radial filter of cooling system, redundancy in filter system can increase the reliability, use of cyclone
separator to separate the dissolved limestone and dissolved sand is the another option, and to use close
loop cooling system instead of open system.
Keywords: Availability, Critical Assets, Electromechanical System, Hydropower, Reliability, Strategy
1. INTRODUCTION
Maintenance is any activities that are intended to preserve the function of the assets not the assets so that
we can get reliable output for the long period of time [1]. Reliability engineering is a very fast growing
and very important field in consumer and capital goods and service industries. It provides the theoretical
and practical tools to ensure that the product and services that deliver by the system is reliable by
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specifying the probability and capability of systems can perform their required functions in specified
environments for the desired period of operation without failure. And it provides feedback to
engineering, manufacturing, quality control, and service for improvements and necessary corrective
actions.
Electricity is one of the most important human needs in this modern age. So reliability of such facilities
plays important role in the quality of life and the economy of the county. Uncertain power outage due to
the problem in power plant may question marks to the power supplier and also losses to the power
producer. The reliability of the services can only be fulfilled when the machinery parts are in well
condition i.e. if they are reliable.
Government of Nepal has plan to increase the rate of per person energy consumption from 198 kWhr to
700 kWhr at the end of 15th five year plan [2]. Hydropower is a main source of energy in Nepal, as it is
estimated about 83000 MW and its technically and economically feasible potential is about 45000 MW
and 42000 MW respectively from more than 6000 rivers of Nepal [3]. Government plan will be
successful only if the consumer which are using traditional fuels such as firewood to the another form
of energy called electricity which have large range of utilities and application. A research has show that
Consumers are willing to have a sustainable energy transition from traditional fuels to electricity and
willing to pay 19% to 25% of the existing average monthly bill for reliable electricity supply [4]. And
reliable electricity supply is possible only when the source is reliable. To ensure quality and reliable
operation of the equipment, to maximize availability of equipment with least number of shut down and
Eradication / non repetition of operational problems in hydropower Planned maintenance is required [5]
Reliability Based Maintenance is a technique to develop the strategies to increase the reliability and
availability of the system. It provides feedback to the Operation and Maintenance team, Engineering and
the management regarding the reliability of the plant. It also develops Preventive Maintenance which
depends on the theory of preventing potential failure which could have serious consequences or which
have more share to decrease the availability and reliability of the plant. It recognizes that design and
operation of each equipment differs and therefore probability of failure also differ from equipment to
equipment. So in this system a factor reliability is used to access when the component near to failure and
should be replace with the approach to eliminate more costly unscheduled maintenance and to minimize
preventive maintenance.
2. Methods and Material
Aiming to run the applicability of the methodology proposed in this paper, it is necessary to define a
hydroelectric plant that will be taken as the basis of analysis in order to complete characterize their
systems, allowing the application of Fault Tree Analysis, which forms the basis for a future
implementation of Reliability based maintenance policies and asset management techniques. This study
is based on the case study of Bijayapur-I Small Hydropower Project (BSHP-I). It is a multipurpose, run
of the river type, 4.5 MW small hydropower project located at Pokhara-Lekhnath Metropolitan city of
Gandaki Provenance. It uses water of Bijayapur Khola and Sheti Irrigation Drainage. Which is 2 km
from the prithivi Highway. With rated Design head 65.4 m and discharge 8.3 m3/s is operating since
Bhadra 9, 2069 BS. BSHP-I was developed by Bhagabati Hydropower Company (p) ltd, with the
financed of Rastriya Banijya Bank, Nabil Bank and Napal Bank Ltd. It has two units of horizontal shaft
Francis turbines to generate electricity.
The method adopted in this study is shown in figure below. Marchov three state model was adopted to
define the state i.e up state and down state in hydropower which classifies the down state into two
categories, Scheduled Outage and Forced Outage. Forced outage includes all of the failure due to the
failure in Electromechanical component in hydropower and Scheduled outage includes the failure of
plant due to insufficient flow, flood, system error in the NEA, Problem in the grid transmission line and
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planned shutdown for the inspection and maintenance [6]. Fault tree analysis technique was used to
identify the critical assets and computational technique of fault tree analysis was used to calculate the
reliability and availability of the plant. The failure rate and mean down time of the top event of fault
tree was computed by using the relation
and

λ = λ1 + λ 2+……….
λ1∗𝑀𝐷𝑇1 + λ2∗𝑀𝐷𝑇2+⋯……

MDT =

λ1+λ2+⋯………….

(1) [7]
(1) [7]

For OR gate i.e for series system
λ = λ1 * λ 2 *(MDT1 + MDT2)
and

1
𝑀𝐷𝑇

=

1
𝑀𝐷𝑇1

+

1
𝑀𝐷𝑇2

+ ……….

for event connected with AND gate i.e for parallel system.

Literature Reviews
Selection of model
Draw fault Tree Diagram
Measure the failure rate and MDT of the basic parts
Compute Fault Tree
Calculate the reliability and availability
Identify the Critical Assets
Prepare Maintenance strategy
Presents the Results
Figure 1: Research Framework [13]

125

(2) [7]
(3) [7]

Reliability Based Maintenance in Hydropower: A Case Study of Bijaypur-I Small Hydropower Plant

The failure rate and downtime of each component, section and overall plant is calculated by using
formula eq.1 to eq. 4. And the reliability is calculated by using eq.5.
𝑡

Where:

𝑅(𝑡) = 1 − ∫0 𝑓(𝑡)𝑑𝑡 = 𝑒 −𝜆𝑡

(4) [8]

AI =  / ( +  )

(5) [7]

 = Failure rate = 1/ MTBF
 = Repair rate

= 1/MTTR

The data for analysis was taken from log sheet maintained from F/Y 2069/70 to F/Y 2075/76 at BSHPI and the field survey of BSHP-I.
3. RESULTS AND DISCUSSION
3.1. RESULTS

0.924

0.793

0.876

0.900

0.942

0.950

0.869

1.000

0.931

%Reliability and Availability

The failure data from the log sheet of BSHP-I were analyse through the Analytical Hierarchical Based
fault tree analysis method. Firstly the fault tree of the BSHP-I was constructed with the help of failure
data, interaction with the operation in-charge of BSHP-I and different literatures related to operation and
maintenance of hydropower. The reliability and availability of Unit –I and unit-II of BSHP-I is shown
in figure, which shows that reliability and availability of BSHP-I is only 0.876 and 0.793 which is very
poor as compared to Sunkoshi Hydropower Plant. As the reliability and availability of sunkoshi
hydropower plant found as 0.997 and 0.899 [9]. Also it is clearly visualize from the figure-1 that the
reliability and availability of unit-I is much less than Unit-II.
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Figure 2: Reliability and Availability analysis of BSHP-I from 2069/70 to F/Y 075/76
As from the analysis, it is found that the contribution of Scheduled outage is much greater than Forced
outage in the reliability and availability of BSHP-I. Scheduled outage includes all of the planned shut
down and the shut down due to other failure or activities other than the electromechanical failure. In
BSHP-I in most of the case insufficient flow is the main reason. And other two factor preventive
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maintenance and Reserve/system failure have less contribution as shown in figure below. And to increase
the reliability of the BSHP-I the management has to work out through it. As we are concerning about
Reliability based maintenance which focuses on the reliability concerned assets. After the analysis it is
found that Turbine section failure contribute 79% in the reduction of availability and reliability of the
BSHP-I. Which means that the critical assest should be in Turbine section as shown in figure below.
After analysing the failure data of turbine section, it is found that Cooling system failure plays important
role in failure in turbine section which shows that cooling system is the critical assets of the BSHP-I.
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Figure 3: Contribution of Forced outage and scheduled Outage in BSHP-I
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Figure 6: Contribution in Turbine Section failure
From the study of the failure data, it is found that 57.2% of problem in turbine section is due to frequent
warning to stop the plant due to excessive heat in the shaft bearing and guide vane section. And this is
due to the cooling system failure and after the root cause analysis the main cause of cooling system
failure is jam of tube filter due to the lime stone.
3.2. DISCUSSION
As BSHP-I is multipurpose Hydropower project, which use drainage of irrigation project to generate
electricity though some addition from Bijayapur khola, however the water from Bijayapur khola is used
for irrigation purpose in dry season in Bijayapur area. The irrigation canal cross the pokhara city so any
small disputes in local community disturb the flow of water in irrigation cannel. And also if any problem
in Sheti fewa hydropower also affects the water flow in irrigation cannel, which is the main causes of
scheduled outage. Moreover in Forced outage despite of Generating section and Transmission system
Turbine section has great contribution in the reliability of the plant. The result shows that cooling system
of turbine section has major contribution in the failure in turbine section. The main reason behind the
failure in cooling system is the failure in filter. As BSHP-I uses radial water filter for cooling system.
Since Sheti river flows in the soft land basin and carry the mixture of lime stone. Which cannot be desand
by the desender of sheti hydropower and BSHP-I, which create problem in turbine section and cooling
section. Formation of layer of limestone in radial filter cause blockage to flow water in the cooling
system, and also deposition of layer in runner cause the failure in the bearing, jam of runner etc. so to
solve these problem the study purposed some solution as per the prior research related to these problem.
4. CONCLUSION AND RECOMMENDATIONS
4.1. CONCLUSION
From these findings and discussion it can be concluded that reliability and availability of the BSHP-I is
found 0.876 and 0.793, which shows that the performance of BSHP-I is very poor as compared to
sunkoshi hydropower. And most of the time it suffers from insufficient flow problem which is due to
nature i.e. Multipurpose and surround by many vestigial interest group. Beside that there are many outage
other than scheduled outage in plant that contribute to reduce the performance of the plant. To enhance
the performance of the system it is necessary to id1entify the area which have more contribution in
reliability. In such cases Analytical hierarchical based fault tree analysis method can be helpful to
calculate the reliability and availability of the plant and also helpful to identify the most contributing
factor so that we can prepare the strategy which helps to uplift the reliability and availability of the plant
and also feedback to design engineer to consider these factor in the new design.
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4.2. RECOMMENDATIONS
Following strategies are recommended to improve the reliability and availability of the plant:
Redundancy: From the point of view of economy, ease of maintenance, and ease of adaptation of
existing equipment, it would be desirable to make the largest possible units redundant [8]. In this case if
we add a parallel panel of filter, the reliability of the cooling system can be improved form 0.989 to
0.999 and availability from 0.953 to 0.997.
Frequency of flushing: As reliability of the cooling system is 0.989 for 24 hours. If the flushing
frequency is increased to 3 times a day the reliability will increased to 0.998 and availability improved
to 0.989
Cyclone Separator: In power station victimized by silts water, frequent choking of strainers has been
experienced requiring their cleaning every week and in some situations even every day. Solution lies in
incorporating additionally the cyclone separators on the discharge side of the cooling water pumps the
cyclone separators draw water through tangential slots and accelerate the filtration process taking
advantage of the centrifugal force. It is claimed that they can arrest 90% of silt particles of size as small
as 74 microns. [9]
Closed circuit cooling water system: In arrange to dispense with the unfavourable impact of residue, a
closed circuit cooling framework could be considered, consisting of a water tank of adequate capacity,
heat exchangers and circulating pumps. Initial filling and make up water can be drawn from shaft sealing
water supply, to keep circulating in a closed cycle through coolers and heat exchangers. Closed circuit
frameworks could be temperate in the long run since they can be outlined to consume less power
compared to that required for pumping water from the tail race or indeed compared to the misfortune of
generation related with penstock tapping. [9] Also this issue can also be overcome by presenting a near
close loop together with an open loop circuit of cooling water supply which passes through a Tubular
Heat Exchanger directly submerged into Draft Tube water where heat exchange might takes place. [12]
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ABSTRACT
The main objective of our project is to provide security for human beings especially woman and children
with a help of an advanced electronics. As most of the women are subjected to unethical physical
harrashment when they are alone in public areas, in case they will be provided with an equipment fitted
inside the shoes which is not visible to others, the equipment consists of GPS (Global Positioning
System) and GSM module by which the geographical location can be tracked and can be sent. In the
case of any emergency conditions, the button is pressed and the microcontroller sends latitude and
longitude information to authorized persons through GSM. Then the location information is tracked and
the information can be sent to police and family members so that they can be rescued in proper time. At
the same time, they will be provided a high voltage generating device embedded within the system can
be used to generate electric shock to temprorarily paralyse the criminals in critical situations. The device
is portable and hence can be taken anywhere we travel. It is economical and simple to use. So, it can be
effective in saving many people (not merely women) from criminal attacks, sexual harassments and can
be used as legal evidence of crime.
Keywords: Electric Shock, GPS, GSM, Location Tracking, Women Security
1.

INTRODUCTION

Nowadays, sexual harassment and molestation against women are growing day by day. The case study of
fiscal year 2017/2018 has reported 1480 rape, 628 murder and 308 human trafficking cases in Nepal. [1]
We are also hearing frequently about ‘Nirmala Panta’s rape case’. She was a nearly 15-year old girl who
was raped and killed by some cruel criminals. However, years passed away but no evidence for this case
has been found till date. Criminals are freely wandering around us. But the government, being passive is
not showing any interest in these topics. Women are not allowed to walk alone in the streets during nights
in the fear such harassment cases. Till date, no self-defense and security device has been made in Nepal.
So, we are proposing a device, based on GPS-GSM technology which can track the location of a person
who is in danger. They will also be provided with the high voltage generating device fitted inside the shoes
to temporarily paralyse the criminals in critical situations hence can be used for self defense unless anyone
comes. The system suggests a smart wearable device for security which contains different modules such as
GSM, GPS, shock mechanism circuit and AVR micro-controller. The proposed system helps women in
emergency situation by activating the modules on clicking the switch and provide emergency self-defense.
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It has the potential to help women with technologies that are embedded. It is specially designed for women
safety and protection. It has a control button that will be used by women to inform nearby police when they
are in distress. This system directly gets connected to the satellite through GPS when activated. Then the
location is transferred to the authorized and targeted phone number through the GSM, it also contains a
shock mechanism to produce non-lethal electric shock in emergency situations to deter the attacker. The
prototype can be implemented into digital watch, shoes, bag by reducing the size of the components and
can be taken to colleges, hospitals, public places and also in parking system. By integrating a culturallyrelevant educational curriculum (service) with a product (good) that is affordable and accessible, our
innovation is helpful in saving women from harassment. In Nepal lots of crime happens against women
every day. This device can readily solve this issue. The device can be installed at small scale and we can
also try for further progress in the same.
2.

RELATED WORKS

There is a history where our society is troubled with these unusual activities and is increasing day by day
especially related to women harassment and molestation issues. Looking at the past context the security
system for self-defense are easily breakable because there was only the use of manpower not the electronics
but nowadays the use of modern technologies have fortunately minimized the use of manpower. Thus, the
need of this device is an absolute necessity now and in the near future. VithU, is an emergency App that,
at the click of the power button of your Smartphone 2 times consecutively begins sending out alert messages
every 2 minutes to your contacts that you feed into the app as the designated receivers or guardians.
However, continuously using smartphones can easily be tracked by attackers and in the case of kidnapping
smart phones are very bad choice for security so this limitation must be overcome. Shot gun is a small gun
that charges an attacker with an electric shock. The shock weakens the attacker temporarily, giving you
sample chance to escape the scene. When its trigger is pulled, a stun gun pumps about 700,000 volts into
the attacker’s body. Some stun guns are small enough to be concealed in a pack of cigarettes. They run on
Lithium batteries and can be carried either in handbags or held in waist straps. Fight Back app is a very
basic app similar to ones listed above with an unique feature i.e. Facebook status update. Apart from
providing SMS and Email options to alert the other person during distress, this app also updates your
Facebook status. However, it also doesn’t have any self defense mechanism. [2]
Our project is inspired by the limitations of all the pre-existing systems and is slightly modified to
overcome some of the drawbacks.
3.

HARDWARE REQUIREMENTS

3.1. GPS MODULE
The GPS module is used to get a geographical location of a person by receiving information from satellites
and as to provide location information in terms of latitude and longitude. It gives the value of location with
an accuracy of degree-minutesecond with one can easily trace out the location of the place and track the
position of a women in case of any mishappening. In this GPS technology, the communication takes place
between GPS transceiver and GPS satellite.
3.2. GSM MODULE
The GSM (Global system for mobile communication) platform is a hugely successful wireless technology
underpinning most of the world’s mobile network. GSM has become the world's fastest growing
communications technology of all time and the leading global mobile standard, spanning 218 countries.
GSM is an open, digital cellular technology used for transmitting mobile voice and data services. GSM
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operates in the 900MHz and 1.8GHz bands GSM supports data transfer speeds of up to 9.6 kbps, allowing
the transmission of basic data services such as SMS.
3.3. ATmega32 MICROCONTROLLER
AVR is a family of microcontrollers developed since 1996 by Atmel. These are modified Harvard
architecture 8-bit RISC single-chip microcontrollers. [3] It combines 32KB ISP flash memory with readwhile-write capabilities, 1KB EEPROM, 2KB SRAM, 23 general purpose I/O lines, 32 general purpose
working registers, three flexible timer/counters with compare modes, internal and external interrupts, serial
programmable USART, a byte oriented 2-wire serial interface, SPI serial port, 6-channel 10-bit A/D
converter (8-channels in TQFP and QFN/MLF packages), programmable watchdog timer with internal
oscillator, and five software selectable power saving modes. The device operates between 1.8-5.5 volts. [3]
[4]
3.4. LM 35 TEMPERATURE SENSOR
LM35 is a precision IC temperature sensor and linear voltage sensor with its output proportional to the
temperature (in oC). The sensor circuitry is sealed and therefore it is not subjected to oxidation and other
processes. With LM35, temperature can be measured more accurately than with a thermistor. It also possess
low self-heating and does not cause more than 0.1 oC temperature rise in still air. The operating temperature
range is from -55°C to 150°C. [5] The output voltage varies by 10mV in response to every oC rise/fall in
ambient temperature, i.e., its scale factor is 0.01V/ oC.
3.5. HIGH VOLTAGE GENERATOR
It is an electric circuit designed using the transformer, inductor, transistors, diodes, capacitor which overall
acts as an oscillator and is capable of generating high AC voltage with the help of small DC input voltage.
Transformer here used is step-up transformer, IRFZ44 high voltage transistors, 10 pcs 1N4007 diodes and
10 pcs high voltage ceramic capacitors.
4.

SOFTWARE REQUIREMENTS

4.1. PROTEUS 8 PROFESSIONAL
The Proteus Design Suite is a proprietary software tool suite used primarily for electronic design
automation. [6] The software is used mainly by electronic design engineers and technicians to
create schematics and electronic prints for manufacturing printed circuit boards.
4.2. ATMEL STUDIO 6
Atmel Studio 6 is a program designed for developing and debugging Atmel ARM Cortex-M and Atmel
AVR microcontroller (MCU) based applications. The Atmel Studio IDP gives us a seamless and easy-touse environment to write, build and debug our applications written in C/C or assembly code. [7]
5.

SYSTEM DESCRIPTION AND IMPLEMENTATION

As shown in the diagram below, prototype of our system comprises of processing and operation of the two
separated hardware interfaces: Location tracking and electric shock generation. They are embedded
together and fitted inside the shoes with safety. A light weighted 5V-2A Li-ion battery is used to supply
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power to the internal device. There are 3 compatible switches kept hidden inside the shoes. One of the
switches is a regular power switch to enable and disable power to the device. Another switch is an
emergency switch which when pressed sends the location of the person with URL of google map. The third
switch is for self defense for the electric shock generation. The metallic wire for electric shock is kept
isolated at the apex of the shoes so that to easily target the criminals without hampering oneself.
Rechargeable Li-ion battery
High voltage
generator

GPS receiver
ATmega 32
Temperature
sensor

GSM module

Figure 1: Block Diagram of a system
The first major component used to control all the processes in our system is ATmega32 microcontroller.
Neo 6m GPS module and SIM 800L GSM module are connected with microcontroller via serial ports.
They are small in size with low power consumption rating.. The GPS receiver and GSM module uses
USART; Serial communication protocol to communicate with microcontroller or PC terminal. In this
interfacing, AVR based ATmega32 microcontroller will read data serially from GPS receiver using
USART communication with 9600 Baud rate. Tx on GPS module is connected to digital pin PD0 (RX) of
AVR and Rx on GSM module is connected to digital pin PD1 (TX) of AVR. Two ports PD0 and PD1 of
microcontroller have dual purposes are also known as serial ports helps serial data transmission between
peripherals and microcontroller. GPS receives many other noisy information from satellite. The
microcontroller reads all the data from GPS and extract only the latitudinal and longitudinal value. This
value is then attached with Google URL.
Next for obtaining the health status of a person and device, the temperature sensor is kept at the upper sole
of a shoes. LM35 sensor provides output based on scale of centigrade. After reading the temperature, sensor
gives the analog output to the microcontroller. This analog output from the sensor is sent to the ADC0 of
the atmega32 that converts the analog data to the digital by inbuilt ADC in it. The atmega32 has 8 ADC
channel i.e. ADC0-ADC7. It means we can connect eight analog sensors. The Port A and ADC pins are
multiplexed to each other. The primary function of this pins is as an I/O and secondary is as ADC. To
enable the ADC we need to enable it by setting the internal register of the atmega32 by writing the
programming code. [8]

Figure 2: Circuit diagram for electric shock generation
134

Journal of Innovations in Engineering Education | Vol: 3 | Issue: 1 | March 2020

Now for the generation of electric shock, as shown in a circuit diagram, when a small DC voltage is applied
to the center tap of the primary of transformer and through the resistor to the gate of the MOSFET,
MOSFET starts to conduct. The current also flows towards the drain to the negative of the battery. The
magnetic field will be generated in the primary that induces the voltage in the secondary (inductor). The
secondary voltage will be much higher than the primary voltage because of the larger number of turns in
the secondary. One side of the primary in a center tap also induces current in the other side of the primary
which opposes the original voltage due to which 0 voltage will be in the gate which turns MOSFET off.
This cycle repeats again and again at several kHz of frequency. It is an oscillator which oscillates current
and changes the input small DC voltage to fluctuating higher AC voltage. The voltage generated depends
upon the relation
𝑉𝑠 =

𝑉𝑝 𝑁𝑠
𝑁𝑝

(1)

The equation (1) calculates the voltage generated in the secondary of transformer with the help of voltage
in primary and number of turns in primary and secondary. The obtained voltage is then passed to the voltage
multipler for further multiplication of voltage as shown in figure.
6.

RESULTS

Our designed system tracks the location and reads the temperature of a person and sends the value to the
authorized phone number via GSM. The authorized phone number is first needed to be saved in the SIM
card. The phone number can be thus modified easily. We have experimented our device in realtime on
several places. We have also verified our result depending on the obtained output. Multiplse checking
of the obtained data, their real time response, error, compatibility, safety issues, everything needs to be
considered for the final validation of our device. In the figure below, we can see the output to the phone
number sent by SIM inserted in GSM module containing Google URL and temperature.

Figure 3: Output to the phone number
For the generation of electric shock, small DC voltage is first changed to approximately 260V AC by
oscillating the DC current. This obtained voltage is then passed to the voltage multiplier. The voltage
multiplier is the combination of multiple number of capacitors which store charges one by one and
discharge a very high voltage at once. This device generates a spark of about 2mm so the voltage is likely
approximated to be more than 1KV.
Although our system has worked successively in real time utilization, it is still not completely error free.
The output location given by GPS has some deviation from expected and exact location of that position.
The temperature input from LM35 has also given slightly deviated value from exact temperature.
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Calculation of error is given by the formula:
𝐸𝑟𝑟𝑜𝑟% =

(2)

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑜𝑢𝑡𝑝𝑢𝑡 − 𝑂𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑜𝑢𝑡𝑝𝑢𝑡
× 100%
𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑜𝑢𝑡𝑝𝑢𝑡

The device has been checked multiple times considering several critical situations for the final validation.
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The above graph is based on the output given by our device. The error may be due to the sensor and
module we used in our project, their accuracy, realtime time response and sensitivity, and different
external and internal noises.
7.

CONCLUSION

It is a smaller and portable system and it cannot be identified easily as a communication device that is, only
the user has the knowledge about the system, third person will not be aware of it as a security system. It
can be easily fit within smaller gadgets like watches, bags, shoes, under garments, etc. It can track the
person even if they are in a less coverage area. So, this system can be carried anywhere easily and used at
any time without much user interaction and with best functionality.
ACKNOWLEDGMENT
We are thankful to Institute Of Engineering, Thapathali campus for providing us a pleasant environment,
Lab and development facilities and support. We would like to express our special gratitude towards our
project supervisor Associate Professor Er. Rama Bastola ma’am for providing insights on thse electronic
components, diagnosing the bug that occurred in development, and finding the solution to related problems.
We would like to express our appreciation to our project coordinator Er. Dinesh Baniya Kshatri for
providing necessary guidelines and support to draft this project.

136

Journal of Innovations in Engineering Education | Vol: 3 | Issue: 1 | March 2020

REFERENCES
[1] "N. Spotlight," News Spotlight Online, [Online]. Available:
https://www.spotlightnepal.com/2018/07/30/1450-rape-cases-reported-nepal/.. [Accessed 8 July
2019].
[2] U. K. Reddy, "Self Defense System for Women Safety with Location Tracking and SMS
Alerting," International Journal of Innovative technologies, vol. 05, no. 04, pp. 0590-0591, 2017.
[3] "wikipedia," [Online]. Available: https://en.wikipedia.org/wiki/AVR_microcontrollers.
[Accessed 01 August 2019].
[4] micorchip, Microchip Technology, [Online]. Available:
https://www.microchip.com/wwwproducts/en/ATmega32. [Accessed 27 July 2019].
[5] "Potentiallabs," Potentiallabs, [Online]. Available: https://potentiallabs.com/cart/lm35-tempsensor-india. [Accessed 02 January 2020].
[6] A. Alciato, "Wikipedia," [Online]. Available: en.wikipedia.org/wiki/Proteus.. [Accessed 05 June
2019].
[7] "software.informer," [Online]. Available: https://atmel-studio.software.informer.com/6.2/.
[Accessed 01 July 2019].
[8] D. Raja, "CircuitDigest," [Online]. Available: https://circuitdigest.com/microcontrollerprojects/avr-microcontroller-lm35-temperature-sensor-based-digital-thermometer. [Accessed 09
June 2019].
[9] A. Muhammad, The AVR Microcontroller and Embedded Systems, Pearson Educations, 2011.
[10] A. Maharjan, "A Survey on Women's Security System using GSM GPS," International Journal
Innovative research in Computer and Communication Engineering, vol. 5, no. 2, Feb-2017.

137

Automatic Image Captioning Using Neural Networks

Automatic Image Captioning Using
Neural Networks
Subash Pandey1, Rabin Kumar Dhamala1, Bikram Karki1, Saroj Dahal1, and Rama Bastola1
Department of Electronics and Computer Engineering, Thapathali Campus, Institute of Engineering,
Tribhuvan University, Kathmandu, Nepal

1

Corresponding Email: tha072bex342@tcioe.edu.np

*

ABSTRACT
Automatically generating a natural language description of an image is a major challenging task in the
field of artificial intelligence. Generating description of an image bring together the fields: Natural
Language Processing and Computer Vision. There are two types of approaches i.e. top-down and
bottom-up. For this paper, we approached top-down that starts from the image and converts it into the
word. Image is passed to Convolutional Neural Network (CNN) encoder and the output from it is fed
further to Recurrent Neural Network (RNN) decoder that generates meaningful captions. We generated
the image description by passing the real time images from the camera of a smartphone as well as tested
with the test images from the dataset. To evaluate the model performance, we used BLEU (Bilingual
Evaluation Understudy) score and match predicted words to the original caption.
Keywords: CNN, Image Captioning, Image Description, LSTM, RNN
1. INTRODUCTION
Automatically generating image captions have practical applications and have great impact in the
society. For instance, helping visually impaired people for better understanding the content of images,
cost and extensive human effort minimization of labeling millions of images that are uploaded on the
internet daily. Generating meaningful description of an image requires high level image classification
and object detection. It connects the computer vision with natural language which are two major field of
artificial intelligence.
A quick glance at an image is enough for humans to describe an image. Same cannot be said about the
machines. Visual description is challenging because it requires recognizing not only objects, but other
visual elements such as actions and attributes, and constructing fluent sentence describing how objects,
action and attributes are related in an image. Similarly converting text into audio format has been studied
and applied by many professionals. Mixing of these ideas has not been properly realized. This project
tries to connect these dots and tries to find new area for deep learning to be used in.
The manual annotation by humans to such humungous data is extremely difficult for information
extraction. The creation of image and video data has grown exponentially during the past few decades.
In the present context, Deep learning has a very good success rate in image classification and object
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detection. [1] Thus, this can be further extended for the generation of relevant captions for those images
which can have a wide variety of applications. [2]
We can also use it in social media platforms for automatic generation of captions from the users’
uploaded images. This makes fun and interactive which can appeal new user to the site. It can be used
as a useful tool for real time crime monitoring and surveillance. The relevant suspicious captions can be
made to fire-up alarms and inform the crime department to take corrective actions immediately. A handy
tool for robot navigation and other computer vision applications like self-driving car.
2. RELATED WORK
There are various works that have been done related to this project. The two general paradigms in existing
image captioning approaches, the first one, top-down paradigm starts from gist of an image and then
converts it into words while bottom-up paradigm first comes up with words describing various aspects of
an image and then combines them. This image captioning algorithm is based upon a novel semantic
attention model which combines the visual information in both bottom-up and top-down approaches in the
framework of recurrent neural network. The intermediate filter responses from a classification
Convolutional Neural Network (CNN) is used to build a global visual description and a set of attribute
detectors are run to get a list of visual attributes that are most likely to appear in the image which then
corresponds to an entry in the vocabulary set or dictionary. [3]
This approach finds a set of k nearest images. The images which are “nearest” are examined using GIST,
pre-trained deep features and deep features fine-tuned for the task of caption generation. Once a set of k
NN images are found, the captions describing these images are combined into a set of candidate captions
from which the final caption is generated. The best candidate caption is generated by finding the one that
scores the highest with respect to other candidate captions which is referred as “consensus” caption. The
scores between pairs of captions are computed using either the Consensus-based Image Description
Evaluation (CIDEr) or Bilingual Evaluation Understudy (BLEU) metric. [4]
The architecture of a typical multi-model space-based method contains a language encoder part, a vision
part, a multimodal space part and a language decoder part. The vision part uses a deep convolutional neural
network for feature extraction. The language encoder extracts the word features and learns a dense feature
embedding for each word. The semantic temporal context is then forwarded to the recurrent layers and the
multimodal space part maps the image features into a common space with the word features. The resulting
map is then passed to the language decoder which generates captions by decoding the map. [5]
A pre-trained captioning model can hardly be applied to a new domain in which some novel object (the
objects and the description words unseen during model training categories exists. In novel object
captioning, the machine generates descriptions without extra training the sentences about the novel object.
A Decoupled Novel Object Captioner (DNOC) framework fully decouples the language sequence model
from the object descriptions. A Sequence Model with the Placeholder (SM-P) generates a sentence
containing placeholders representing unseen novel objects. A key-value object memory built upon the
freely available detection model contains the visual information and corresponding word for each object.
A query generated from SM-P is used to retrieve the words from the object memory and the placeholder
further filled with correct word results in a caption with novel object descriptions. [6]
3. METHODOLOGY
3.1. DATASET
We use Microsoft Common Objects in Context (MSCOCO) images and text data to build our datasets.
MSCOCO datasets have rich image datasets and each image has at least five captions. The datasets contain
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82783 training datasets and 40775 tests datasets. We download all the images and saved it on google drive
for further processing in project.
3.2. IMAGE FEATURE
1) Image Processing: The image files are saved on google drive and we load the images on our working
environment i.e google colab. In the image preprocessing, we convert the image into finite shape and
size. The image is decoded into 3 channels because all the images must have 3 channels
2) Feature Extraction: In the automatic description generation of image, the main feature is object
content in our image. For extracting features from image, we use a pre-trained model architecture of
VGG16 and we remove the last fully connected layer and after that the output of the layer of VGG16
model is the main feature of our project.
3) Encoder: When image is passed to CNN layer, we get the encoded form of image. CNN can produce
a representation of input image by embedding it into fixed-length vector. Such a representation can be
used in a variety of computer vision tasks. [7]

Figure 1: Image feature extraction and encoding

Figure 2: Text processing and decoding

3.3. TEXT PROCESSING
1) Text Processing: In text preprocessing, we clean the unwanted data. We remove the special
character/token contained in the caption and we also eliminate a combination of text and number like
‘subarna124’. All the words in the caption are lowercased.
2) Tokenize and Vectorize: We split text of caption by the space and get all unique words from each
caption. We have to limit the vocabulary size to save the memory size. We add two tokens at each of
caption ‘start’ and ‘end’. All the tokens of caption are vectorized.
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3) Decoder: LSTM (Long Short-Term Memory) network is used as a decoder to give a decoded RNN
(Recurrent Neural Network) <start> token indicates the start the sentence and <end> token indicates the
end of the sentence. The model learns to predict the captions which are the target variables. The captions
are predicted word by word. So, each word is encoded into a fixed size vector. [8] [9]
4. EXPERIMENT
4.1. OUTPUT
All the tasks have been performed in high neural network API called keras running on top of tensorflow.
For the training of our dataset we used google colab. It is a free cloud service and provides free GPU
which is enough to train our datasets. The output encoded image from the CNN encoder was fed to the
RNN decoder and it decodes the encoded image information one word at a time to generate an output. We
trained our datasets at desirable epochs like 50 or100 epochs and for the result, we passed the real time
image from the camera of a smartphone and passed to the CNN encoder fig. 1.

Figure 3: Some output images with their predicted captions
4.2. ANALYSIS
For the analysis of our working model, we used BLEU score and matched predicted words to their original
caption. While training part we observed that on increasing the number of training epochs the loss gradually
decreases as demonstrated in fig. 4. If we were able to train our datasets for larger number of epochs, then
our model would be able to generate better description. For comparative study of our model we only trained
for 50 epochs.
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BLEU is a score that compares text to one or more reference text(s). This score is used to find the accuracy
between the generated text to the original text. Fig. 5, shows the graphical representation of BLEU score
of the generated text of one image per epoch which is calculated as an average of scores evaluated by
comparing predicted caption with 5 other original captions. The graph shows that when the number of
training epochs increases the average value of BLEU score also gradually increases.
Match words is also a score that counts the matched words from the generated text to the original captions
and divides by the total number of words in the generated text of an image. As we can see in fig. 7, we
found the percentage of matched words of generated description of an image to each caption, calculating
the average value of total match words of the caption per epoch. As number of training epochs increases
the average match words to the original caption also increases.
As we compare BLEU score and match words in each epoch, we saw the graph as shown in the fig. 8. Our
model is trying to generate words almost contained in the original caption.

Figure 4: Loss plot vs. Epochs

Figure 5: Average BLEU score vs. Epoch
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Figure 6: Losses and execution time during each epoch

Figure 7: Average value of match words Vs Epoch
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Figure 8: Match words Vs BLEU score

Figure 9: BLEU score evaluation on different images
5. CONCLUSION AND FUTURE WORK
From this research, we created a system where we can pass the real time image from the camera of a
smartphone into the google drive where all the works are being done. We are able to generate the relevant
captions describing the scenario in a real-time image. We got BLEU score above 45% and match score
above 50%. To make our system more accurate, we have to work on our datasets and increase the number
as much as possible and we also have to train our datasets for larger number of epochs. For all these
works, we need high GPU training platforms but currently we were not able to access one. It has many
applications in Artificial Intelligence, Computer Vision, social media platforms, real-time surveillance
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etc. We are also working on building a user-friendly interface that normal users can use easily. We find
the idea of this project extremely applicable and interesting if can be brought in real use which can be
proved as an epitome for artificial intelligence.

Figure 10: Some other results with the predicted captions on test images
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ABSTRACT
Electrocardiography(ECG) is the technology of measuring the electrical changes of the heart. The
electrical change is due to the depolarization and repolarization of the heart cells which produces a
specific wave or complex. The potential developed is captured by the electrodes placed on the skin,
which ranges in micro to millivolts. Weak signals captured by the electrodes are amplified and converted
into a voltage that is readable for microcontroller ATmega328P. ECG is represented by the waves called
P, QRS, and T waves. One cardiac cycle of the heart consists of P-QRS-T waves in ECG. The amplitude
of the waves, complexes, and the time interval between different waves or segments conveys the total
information on the working activity of the heart. A proper study of those waveforms and time intervals
on ECG aids to determine and diagnose different cardiac abnormalities. This paper presents a method of
extraction of voltage generated during cardiac movement of the human body using an electrode,
amplifier, microcontroller and OLED screen. It describes the method of calculating heartbeats per minute
from the ECG signal and displays beats per minute on the same OLED screen.
Keywords: Beats per Minute, Electrocardiogram, Integrated Development Environment,
Inter-Integrated Circuit, Organic Light Emitting Diode
1.

INTRODUCTION

Heart is a muscular organ whose size is about the human’s fist that helps in the circulation of the blood
throughout the body. It is divided into 4 chambers: Left atrium, Right atrium, Left ventricles, and Right
ventricles. Deoxygenated blood from the whole body passes through the right atrium and right ventricles
to the lungs. Oxygenated blood from the blood passes to the left atrium and left ventricles, from which
it passes out to the different tissues of the body [1].
Cardiac cells are the muscle cells that make up the heart muscle. Cardiac cells consist of a difference in
charge inside the cells, compared to the outside of the cells. In their resting state, cardiac cells are
electrically polarized. Inside of the cells is negatively polarized with respect to their outside of the cells.
There is a distribution of ions in our body such as (primarily potassium, sodium, chloride, and calcium)
which keeps the inside of the cells electronegative with comparison to the outside of the cells. These ions
pass in and out of the cells by the special channels of the cell membrane. In the process of depolarization,
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cardiac cells can lose their internal negativity. In pacemaker cells, depolarization occurs voluntarily.
Positive ions like Na+ pass into the cells through the channels of the cell membrane which creates positivity
of the charges inside the cell compared to the outside of the cells. The wave of depolarization is propagated
to all the cells of the heart since the heart muscle is made up of the groups of those cells. This wave of
depolarization represents the flow of electricity in the heart, an electric current. After the wave spreads over
the heart, potassium ions (K+) starts to flow out of the cells from potassium channels. Simultaneously,
calcium ions (Ca+) moves inside of the cells maintaining depolarization. With the intervene of the calcium
ions in the cells, this acts as a stimulus for the contraction of the heart. Hence, depolarization precedes the
contraction of the heart.
After depolarization is complete, the cardiac cells restore their resting polarity through a process called
repolarization. Repolarization is completed by the reverse flow of the ions. In this process, K+ ions move
out of the cardiac cells through the channels of the cell. This results in a decrease in the positivity of the
charges in the cell. To restore into its rest state, the cell should have its internal negativity. For this purpose,
Na+ ions should exchange their location from inside to the outside of the cells whereas K+ ions should
change their location from outside to the inside of the cells [2].
An enzyme called N+/ K+ ATPase(sodium-potassium adenosine triphosphatase) is found in every human
body. It is located on the membrane of every cell which deals with the exchange of ions in and out of the
cells [3]. It maintains the potential of the cells for the resting state. To keep the potential of the cells, Na+/
K+ ATPase pumps 2 potassium ions in the cells and moves 3 sodium ions out of the cells. This process
occurs simultaneously on every cell of the heart, which results in the resting state of the heart where there
is the presence of internal negativity in the cells.

Figure 1: EKG wave and complexes
The electrocardiogram (ECG or EKG) is a graphical recording of the heart electrical activity during each
of its cycles. It is a graph of the electrical activity of the heart during cardiac movement plotted as voltage
versus time. Electrodes are placed on the skin to detect the electrical activity of the heart. The contraction
and relaxation of the heart muscles are associated with a change in the electrical charges. These changes
can be tracked down by the help of the electrodes placed on the skin of the body.
A spread of the electric currents throughout the cells of the heart is the signal of the cardiac contraction.
These signals are generated by the pacemaker cells too. The electrical currents start from the sinoatrial (SA)
node which is located on the right atrium of the heart. This node is a collection of the cells that
spontaneously generates the electrical stimulus. This node is therefore known as the pacemaker of the heart.
The wave of depolarization starts from the Sinoatrial node of the right atrium and spreads over the left
atrium too. It reaches then to the fibrous septum that separates both atria from the ventricles. The electrical
current or stimulus then reaches the atrioventricular (AV) node. AV node can also act as the backup
pacemaker cell if the signal received is weak. AV node acts as the connecting path of the waves from the
atriums to the ventricles. Thereafter, the depolarization waves travel from the AV node to the bundle of His
which is located at the Interventricular septum. Bundle of His spread to the right and left ventricles. Finally,
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this helps in carrying current to the muscles of both left ventricles and right ventricles by their branches
specially called ‘Purkinje fibers’ [4].
After, the spread of the current from atrial to ventricles, atrial and ventricles return into their original state
which is resting state. This process produces a current which is recorded on the ECG. During those
processes, different waves are generated at a different instance of time. Those waves are labeled as P wave,
QRS complex, T wave.
P wave means the propagation of the charges through the atria, also called atrial depolarization. Similarly,
the PR interval is the time taken by the stimulus to move from the atrial and pass through the AV junction.
The QRS complex represents the flow of charges or stimulus through the ventricles, called ventricular
depolarization. Q wave represents the depolarization of the Interventricular septum. R wave corresponds
to the ventricular depolarization through both ventricles. S wave represents the depolarization of the
ventricles to the base of the heart. The T wave and ST segment represent the return of stimulated ventricles
to the resting state [5].
There is no wave or complex that represents the return of stimulated atria to resting state because, in the
meantime, ventricular depolarization occurs which has higher amplitudes, so the lower amplitudes of the
atrial are not observed on ECG paper. The sequence of the P-QRS-T is a repetitive cycle, which corresponds
to the electrical activity of the heart.

Figure 2: The wiring of Heart
2.

RELATED WORKS

ECG has the history of more than 100 years of development, moving through the phases of invention,
application on filed, and further development. The history of ECG could be tracked from the discovery of
the electrical activity of the heart by Köllicker and Müller in 1856. The first ECG of a human being was
recorded with a siphon instrument in 1869 or 1870 by Muirhead in London. The use of five electrodes for
ECG measurement was developed by Augustus Waller. It used capillary electrometer to record the human
electrocardiogram. Einthoven made a breakthrough in ECG technology with his invention of the string
galvanometer that could measure ECG signals in1901. Later he proposed the theory of the three electrodes
in 1906 in terms of the triangle, called Einthoven’s triangle that is still used to record the ECG. Sir Thomas
Lewis invented Lewis lead electrode that helps to detect the atrial and ventricular activity. Dr. Taro Takemi
invented the new portable ECG machine in 1937. In 1938, The American Heart Association and the Cardiac
Society of Great Britain pulished their recommendation of recording the heart beats formed by the six
unipolar leads on the precordium. Norman Holter invented the dynamic ECG called Holter ECG that
enables the continuous monitoring of the electrical activities of the heart for more than 24 hours. This helps
in analyzing the arrhythmias and determining the size of the myocardial ischemia. Robert Zalenski and his
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collegues pulblished an article the use of 15- lead ECG for the diagnosis of acute coronary syndromes. In
1999, researchers from Texas transmitted the 12- lead ECG through wireless technology to computer. In
recent years, innovation in this technology has been continuously increasing, such as the invention of the
4- dimensional (4-D) ECG and remote ECG monitor.
Advanced ECG machines have a high price range so, they seem to be unaffordable to the clinics in rural
areas. ECG designed by us is cheaper and portable too. Small clinics can be able to purchase it so they can
detect the heart-related abnormalities. Students related to the medical field also can use this ECG device
for the study and demonstration of ECG signal.
3.

HARDWARE REQUIREMENTS

3.1. ELECTRODE SENSOR
First, we must detect the small electrical changes on the skin which is caused due to depolarization and
repolarization during a heartbeat. Electrodes are used to detect the electrical changes. Generally, electrodes
are made up of silver or silver chloride because it has a high cut off frequency, provides stable potential
and potentiality of miniaturization. They offer low skin-electrode interface impedance and considered as
non-polarizable electrodes [6]. Conductive and adhesive hydrogel used in electrode helps to improve the
conductivity. The placement of the three electrodes is on the right arm, left arm, and right leg. The electrode
placed on the left arm provides positive input to the instrumentation amplifier of AD8232 whereas the
electrode placed on the right arm provides the negative input to the instrumentation amplifier of the
AD8232. The electrode attached to the right leg acts as the ground for the ECG. The direction waveforms
of the ECG depend upon the placement of the ECG in our body.
3.2. AD8232
AD8233 is a single lead heart rate monitor that measures the electrical activity of the heart. The electrical
activity of the heart can be displayed as an ECG and the output of this device is analog. This device helps
to extract and amplify the potential obtained from the heart. The operating voltage of the device is 3.3 volt.
AD8232 has nine connection points. Shutdown (SDN), LO+, LO-, OUT, 3.3V, GND are essential pins that
are used for the communication with the development board such as Arduino, Raspberry Pi [7]. Leadoff
pins (LO+, LO-) are used for identifying which one of the electrode is disconnected by setting them high.
It consists of pins for the left arm (LA), right arm (RA) and Right Leg (RL) pins to interact with the
electrodes.
3.3 ATmega328P MICROCONTROLLER
ATmega328P is a 28 pin single chip microcontroller which is developed by Atmel. It is an 8- bit
microcontroller based on the advanced RISC architecture. ATmega328P integrates 32KB in-system selfprogrammable flash memory with read/ write capabilities. It combines 1KB EEPROM and 2KB SRAM.
It has 23 programmable generals I/O lines with 32 general-purpose working registers [8]. Its maximum
working frequency is 20MHz. It provides programmable serial USART, SPI serial port, timers/ counters,
and throughput up to 20 MIPS.
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Figure 3: Block diagram of implemented system
3.4. 1.3 INCH OLED (SH1106)
SH1106 is a 1.3-inch display module with the SH1106 OLED driver module to manipulate and control its
display its graphics in a dot-matrix graphics display system. It is made of up 128X64 pixels screen. It is a
single color (monochrome) display system allowing each pixel to be on or off. It supports 3- wire/ 4- wire
Serial Peripheral Interface (SPI) and Inter-Integrated Circuit (I2C) interfaces. It is a common cathode
OLED panel. Panel size of SH1106 is 34.5 mm x 23.0 mm x 1.4 mm. The size of pixel is 0.21mm x 0.18mm
[9].
4.

SOFTWARE REQUIREMENTS

4.1. ARDUINO IDE
The Arduino IDE is an open-source and cross-platform (Windows, Linux, and macOS) application which
is written in Java. It is mainly used for writing, compiling, and uploading codes in different types of Arduino
devices. It allows uploading codes on 3rd party development boards too. The main code written on this
platform is converted into a Hex file before uploading it on the board [10].
5.

SYSTEM DESCRIPTION AND IMPLEMENTATION

A prototype of ECG involves the computation and processing from the two major devices: Heart rate
monitor (AD8232) and Microcontroller (ATmega328P). Electrodes are placed on the right arm, left arm,
and right leg of the human body. The electrodes placed on both arms detect the electrical activity of the
heart and measures the potential. Electrodes placed on the left arm acts as the positive terminal, right arm
acts as the negative terminal and the right leg is used for the ground. The potential observed from the left
electrode is subtracted to the potential observed from the right electrode. As a result, there is only one view
of the electrical activity of the heart from the left electrode with respect to the right one and can be named
as Lead I.
𝐿𝑒𝑎𝑑 𝐼 = 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙𝑠 𝑜𝑓 (𝐿𝑒𝑓𝑡 𝑎𝑟𝑚 − 𝑅𝑖𝑔ℎ𝑡 𝑎𝑟𝑚)
(1)
Hence, AD8232 is called a single lead heart monitor. When electrodes are placed on the skin with gel
around the electrodes there is an electrode-electrolyte interface with the skin. Electrolyte gel containing Cl151
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is used as principal anion for maintaining conduction. There is a difference in the ionic concentration
between the fluids of the body and electrolyte which permits the charge to pass through the electrode- skin
interface. Therefore, the half-cell potential is developed, which helps to calculate the voltage induced in the
electrical activity of the heart [11].
The signal detected by electrodes on the skin is of weak voltages and for the processing on Arduino, those
voltages are amplified by AD8232 for the processing and readable voltage for the microcontroller,
ATmega328P. AD8232 consists of an instrumentation amplifier, an operational amplifier, and a reference
buffer. The instrumentation amplifier consists of two op-amps which are carefully matched. It is used for
the amplification of the difference of signals from both electrodes. It offers CMRR of 80- 86 dB and offers
the rejection of the common-mode signal transmitted through both electrodes. It is followed by the
reference buffers which creates isolation between the instrumentation amplifier and the operational
amplifier. It provides sufficient drive capability to pass signals to the succeeding stages in the circuit and
protects the output of the succeeding device. Hereafter, there lies an operational amplifier which helps to
increase the gain of the system and it boots the analog signal, ensuring it is readable by the further devices
such as a microcontroller. The op-amp has a CMRR of 100 dB. AD8232 uses the right leg drive amplifier
which is associated with the right leg electrode that acts as a ground to the system. It inverts the commonmode signal that is present at the inputs of instrumentation amplifier and helps to improve the CMRR of
the system. The op-amp used in the right leg circuit saturates if any high voltage appears in the circuit and
removes the ground system from the patient.
The signal is also amplified to the readable format from the AD8232, which is then passed to the
ATmega328P. 3.3V of AD8232 is connected with the 3.3V to power on the microcontroller. Similarly, the
output of AD8232 is connected to the A0 pin of the microcontroller. The A0 pin converts analog signals to
the digital signals and is capable of passing an analog signal for further processing to the microcontroller.
SH1106 OLED is interfaced with ATmega328P for displaying the ECG graph in monochrome color.
SH1106 includes VCC, GND, SCL and SDA pins. According to the wire library of Arduino, the A4 pin is
connected to the SDA pin and the A5 pin is connected to the SCL pin of the OLED module. Similarly,
VCC is connected with the 5V pin and GND to the ground pin of the microcontroller. Both devices
communicate with each other based on the I2C protocol. This protocol uses two wires for connection
between the master and slave devices. The microcontroller is a master device and SH1106 OLED is a slave
device. Two wires, SCL and SDA are used to carry information between the devices. The timings and data
transfer are generated by ATmega328P. SCL line is used to synchronize the start, stop, and data
communication between devices.
ECG graph can be displayed by programming on the microcontroller using the library of the Adafruit.
Library called Adafruit_GFX includes functions like clear Display( ), setTextSize(size),
setTextColor(white), writeLine( ) are used for manipulating, controlling the signals obtained from the
AD8232 for displaying it on the OLED displays. It provides common syntax and a group of graphics
functions that can be applied on the OLED screen to design the display. The programming part has two
sections which are setup and loop. The setup part aids into a clear screen of the display unit and sets text
size whereas the loop section helps in generating the continuous data for designing and displaying ECG
signals. As the screen resolution has 128 pixels on x- coordinates, once the value reaches the last pixel on
the horizontal side of the screen it clears the screen and, coordinates of both x and y pixel are updated with
the last coordinate value in the new screen. This is performed to generate continuous ECG signals on the
OLED screen. Similarly, there are 64 pixels on the y- coordinates. The value of the y- pixel coordinates are
normalized to set their values within the given limit of the pixels on the vertical side. Hence, now the ECG
graph drawn on the OLED is continuous and fits on the area of the screen. Beats per Minute (BPM) is also
calculated from the help of the ECG signal generated. It implements the Big Box method to calculate the
BPM of the human heart. It is calculated by dividing 60 by the time taken by the signal to reach between
two successive R waves. BPM is calculated as:
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𝐵𝑃𝑀 =

60
𝑇𝑖𝑚𝑒 𝑖𝑛𝑠𝑡𝑎𝑛𝑡 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑡𝑤𝑜 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑖𝑣𝑒 𝑅

(2)

The equation (2) calculates Beats per Minute with the help of time instant between two successive R-wave.
6.

RESULTS

Our designed system reads the value from the electrodes from the skin of the human body. Those signals
are amplified by the help of AD8232 and passed to the ATmega328P. It processes the data and sends it to
the display module OLED using the I2C protocol for the communication between them. The waveform of
the electrical activity of the heart is continuously displayed on the screen. For the analysis of the ECG
signal, we have used the serial plotter of Arduino IDE. The serial plotter plots the analog ECG signal with
the scaling for the analysis.

Figure 4: Output AD8232 signals in serial plotter
After the analysis of the signals from AD8232 by a serial plotter, it assures that the signal has been amplified
and AD8232 is working properly. The data is plotted within the OLEDscreen by normalization of the
signals.

Figure 5: ECG signal in OLED screen with BPM
ECG at serial plotter is more distinct and accurate than displaying it on the OLED screen. The effect of the
error in the signal is seen when ECG plots on the OLED. Finally, BPM, calculated using the concept of (2)
is displayed on the screen. Noise in the signal hampers in the generation of the smooth ECG signal. The
different noises will occur in process of measuring ECG waves. Baseline wander is one of the noise in ECG
which is of low frequency and is generated by the body movement, and respiration. Another noise is
generated is due to electrode contact. The electrode- electrolyte- skin contact will also influence the signals
of ECG. So, use of gel with electrode with proper attachment to the skin is required and high pass filter
with cut off frequency 0.5 Hz can be implemented to remove the noise. Transducer noise can occur if other
electrodes are used rather than Ag- AgCl electrodes. Instrumentation noise is another noise which can occur
but, this noise cannot be eliminated. These are the types of noises which distorts the ECG.
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7.

CONCLUSION

ECG is becoming advanced with the aid of machine learning and wireless electrodes. Hopitals use 12- lead
ECG to analyze the arrythmias of heart. But, our designed system is economical and portable which helps
in the study for the students of the medical sectors for the general understanding of ECG. It can calculate
heartbeats per minute.
As this project is just a basic project done by the group of undergraduate students there are many more
things to work out on this project. Applications and services from this system can be extended to a certain
level such as, an image of the ECG signal that can be stored which can be used for further uses. A beeper
can be implemented that provides notification on the abnormalities observed in the ECG signal. It can be
implemented for machine learning too. Implementation of the Wi-Fi module enables to share the image or
data of ECG over any location so experts can analyze and give reviews. It can create a cooperative
environment for the experts and physicians to give their opinions on the abnormal cases.
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ABSTRACT
Water pollution is one of the growing issues in a developing country like Nepal. In the present scenario,
we are usually thoughtlessly trusting the drinking water suppliers with our health. Even though the water
is purified as well as checked in the central distribution systems, the supplier, along with the general
public is unaware of the water quality that reaches the end-users. By focusing on these above issues, we
propose a low-cost monitoring system that can monitor water quality such as pH (potential of Hydrogen)
and conductivity on a timely basis using the Internet of Things. The water quality monitoring sensors
sense the necessary physical parameters and convert them into equivalent electrical form, i.e. by
providing certain voltage as an output corresponding to the respective physical quantity. This value is
mapped to the respective water quality measure and is stored in a database through the microcontroller
using the Internet of Things. This aids the suppliers to centralize the regular monitoring of water from
various locations as well as the supply pure water to the end-users.
Keywords: Conductivity, Internet of Things, Potential of Hydrogen, Water Quality Monitoring
1.

INTRODUCTION

Water covers 71% of the earth’s surface and is vital for all known forms of life. Only 2% of this water
is freshwater and even so, only 0.036% of it is accessible for use. [1]Having said that, we can conclude
that the availability of water is extremely limited. Due to this, it is essential that we make the best use of
it by making sure that the water available to use is pure in all forms.
Water quality monitoring is a crucial task that ensures that the water we consume fills the necessary
standard. This includes observing parameters such as pH (potential of Hydrogen), Turbidity, Hardness,
Color, amount of Iron and Ammonia. It is particularly vital in a nation like Nepal where the surface
water has been deteriorating due to urbanization especially in cities like Kathmandu. Even though the
residents here rely upon Kathmandu Upatyaka Khanepani Limited for their daily supply of drinking
water, it is no longer dependable as there were 6278 cases of typhoid, 10,392 cases of diarrhea, 583 cases
of jaundice in the year 2074 and 2075.There were a total of 23,342 cases of water-borne diseases and 78
of them were even fatal [2].
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The existing system of water quality monitoring in these suppliers is based upon Water Sampling, testing
samples and analyzing the results. This becomes a tedious and expensive task which does not ensure the
consistent supply of suitable water at the end-users. According to the Kathmandu Valley Water Supply
Management Board, out of 460 registered drinking water supply tankers, only 14 of them got the
approval sticker [3].
To counteract the given issues, our proposed system is a wireless water quality monitoring system that
measures two of the important parameters, pH and electrical conductivity on a certain time basis. These
measurements are converted into respective units and sent to the database using IoT for further
inspection. The parameters in the database are compared with the standard required for the pure water
(6.5 to 7.8 for pH and 0 – 50mS) for electrical conductivity [4]. The system alerts the user of any
deviation from the standard value and also suggests the suitable remedies to restore the water quality.
For further details, section II explains the related works that have been done in this field, section III
provides explains the implemented methodology, section IV focuses on the output of the system while
section V illustrates the analysis of the results.
2.

RELATED WORKS

Water quality, through the past decade, has been monitored through tedious processes of collecting
samples from the water resources and testing if their physical, chemical as well as bacteriological
properties meet the standard for the designated requirements in the laboratory. This method, despite
being accurate, does not take into account the real time quality of water, and is also more time consuming.
In recent years, more convenient approaches have been applied to tackle these drawbacks.
Pradeep Kumar Somasundara and Dharon Joseph Ediosn, proposed the use of RF module and IoT in
order to constantly monitor the water which is available through taps through various sensors and
transmit the data available to a remote base station. [5].Shruti Shridharan illustrated the use of Wireless
Sensor Network (WSN) for monitoring the quality of water in the water resources and analyzing its
usability for the domestic purposes [6].Pandian D R and Dr. Mala K proposed a “smart” water quality
monitoring device that makes the use of IoT to send the measured water quality parameters to their
nearby local testing laboratory [7].A.N.Prasad et al. investigated four of such factors that are pH,
oxidation and reduction potential (orp), conductivity and temperature using a Remote Sensing (RS)
technology. only be sending data in case the values are just a false alarm [8].S.Suganya et al. proposed
the use of IoT based water purity measuring system for industrial purposes that makes the use of GSM
module in order to send the message to an industrial visitor in case of an abnormality in the water sources.
[9].
3.

METHODOLOGY

Different systematic, theoretical and scientific analysis were performed to accomplish the project.
System architecture was built and then implemented to achieve the specific goal.
3.1. SYSTEM ARCHITECTURE
The block diagram of the proposed system is shown in the figure above. It shows the entire connectivity
of the system. The major components of the Water Quality Monitoring system are the sensors, the
internet and the microcontroller. Our project uses ESP32 as the control device that easily connects to
existing Wi-Fi network & creates a Web Server. We are going to configure our ESP32 into Station (STA)
mode and create a webserver to serve up web pages to any connected client under existing network. The
sensors used in our project are pH and conductivity. These sensors are dipped in water which gives the
corresponding PH, conductivity value based on Water Quality in which sensors are deployed. The
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sensors are interfaced with the ESP32 by writing a piece of code in Arduino IDE and uploading to
the ESP32. The system is centralized through the microcontroller. The micro-controller is responsible
for controlling all the devices connected to it. The communication between the server and ESP32 is done
via Wi-Fi protocol 802.11/b

Figure 1: System Architecture
The data in the microcontroller are send to the webserver by HTTP (Hypertext Transfer Protocol)
methods. The HTTP is designed to enable communications between clients and servers. HTTP works as
a request-response protocol between a client and server. There are different HTTP methods like POST,
GET, PUT, DELETE etc. for different purposes. Among which we use POST to send data to a server to
create/update a resource. A webserver is simply a server that gives web services, handles the web
requests, give responses and follows HTTP protocol.
The data is stored in the database from the web server. We are using MongoEngiene Library as a
database adapter which is an Object-Document Mapper (ODM) for working with MongoDB from
python. The data from the server is obtained by GET method. The GET method requests a representation
of the specified resource. Requests using GET retrieves data and the data are passed into the html by the
use of the jinja template. We are using ngrok as a tunneling tool. Ngrok allows us to expose a web server
running on our local machine to the internet. We just need to specify what port our web server is listening
to. Ngrok tunnels web socket connections over HTTP tunnels without any change and works everywhere
even when device changes networks.
The data stored in the database is then displayed in the web page in a tabular format. The web page helps
monitor the pH and turbidity and alerts the user of any mishaps. Also, in case of any deviation, the
possible remedies in order to restore its quality is also displayed.
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3.2. INSTRUMENTATION
Various instruments have been used in order to sense the physical parameters and wirelessly transmit
the sensed parameters.
3.2.1. pH SENSOR
pH is the measure of relative amount of free hydrogen and hydroxyl ions in water. pH is so closely
associated with other aspects of water quality. pH, in exact meaning is the potential of Hydrogen. It gives
the measure of how acidic or alkaline any liquid is which ranges from 0 to 14, where less than 7
represents acidic and more than 7 represents alkaline. Consuming acidic or alkaline water is very
harmful, and the pH of drinking water must lie within 6.5 to 7.A pH sensor is an instrument that measures
the hydrogen-ion activity in water-based solutions, indicating its acidity or alkalinity expressed as pH.
pH sensor is similar as a traditional pH meter with the additional advantages of automated data
collection, graphing and data analysis. pH sensor is made up of four components which includes a
measuring electrode, a reference electrode, preamplifier and transmitter or analyzer.
pH sensor basically works on the fact that interface of two liquids produces an electric potential which
can be measured. In other words when a liquid inside an enclosure made of glass is placed inside a
solution other than that liquid, there exists an electrochemical potential between the two liquids.
3.2.2. CONDUCTIVITY SENSOR
Electrical conductivity is the measure of water’s capability to conduct electricity, which is directly
related to concentration of salts in water. It estimates the total amount of solids dissolved in water. Water
that is high in sodium dissolved is unsuitable for drinking by individuals who have difficulty
metabolizing high levels of sodium, such as some people suffering from cardiac disease or toxemia of
pregnancy.
Two electrodes are positioned opposite from each other. An AC voltage is applied to the electrode, which
generates current in the medium. The cations move to the negatively charged electrode while the anions
move to the positively charged electrode. The more, free charge carriers the liquid contains, the higher
the electrical conductivity and the current flow. Pure water is bad conductors since they contain only
few ions.
3.2.3. ESP-32
The ESP32 is a dual core, 180 MHz which is highly integrated with in-built antenna switches, RF balun,
power amplifier, low noise receiver amplifiers, filters and power management modules. ESP32 can
interface with other systems to provide Wi-Fi and Bluetooth functionality through its SPI(Serial
Peripheral Interface)/SDIO( Secure Digital Input Output) or I2C(Inter-Integrated Circuit)/
UART(Universal Asynchronous Receiver/Transmitter) interfaces. It has been designed for mobile,
wearable electronics and Internet of Things applications with the aim of achieving the lowest power
consumption with a combination of several proprietary techniques. This is a successor microcontroller
of the previously manufactured ESP8266. While both of these microcontrollers support Wi-Fi the major
advantage of ESP32 is that it has 36 GPIO (General-purpose Input Output) pins compared to the 17 pins
in the ESP8266. This 32-bit processor has 12 ADC channels and 16 PWM(Pulse Width Modulation)
channels. With its GPIO being around four times faster than the ESP8266, ESP 32 also additionally
comes with touch sensitive pins to wake the processor on from deep sleep as well as a built-in
temperature sensor. Since it can perform as a complete standalone system or as a slave device to a host
MCU(Microcontroller Unit), this reduces our requirement for an extra microcontroller such as Arduino
Uno, unlike the ESP-8266. Hence,the single microcontroller replaces our need for any other host
microcontroller and the Wi-Fi module to interact with the internet.
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3.3. SOFTWARE AND FRAMEWORKS
Specific software were used to accomplish the project accuracy in a quick, efficient and effective way
of data analysis, storage and visualization.
3.1.1. Mongo DB
MongoDB is a cross platform and open source database management system (DBMS) that uses a
document-oriented database model which supports various forms of data. It is one of numerous nonrelational database technologies which arose in the mid-2000s under the NoSQL(Structured Query
Language) banner for use in big data applications and other processing jobs involving data that doesn't
fit well in a rigid relational model. Unlike in relational databases which employs the use of rows and
columns, the MongoDB consists of collections and documents. The documents are stored in
JSON(JavaScript Object Notation) or BSON(Binary JSON ) format. Documents of the MongoDB are
just like the JSON objects but they instead have BSON format which accommodates more data types.
MongoDB follows a highly flexible type of data model that that allows to combine and store data of
multivariate type.
3.1.2. ARDUINO IDE
Arduino IDE is an open source cross platform application that is used to write and upload programs to
the microcontrollers that are compatible with the Arduino. It runs on Windows, Mac OS X and Linux
and is written in Java programming language. The main code here, is known as sketch and this code,
when created in the IDE platform generated the Hex file. This hex file is the actual file which is
transmitted to the microcontroller board. It supports both the C as well as C++ languages. In our project,
we use this software to program our ESP32 microcontroller, which replaces our need for any other
microcontrollers.
4.

RESULTS

The proposed system accepts the data from sensor and identify the deviation in water quality parameter
from predefined set of standard value and display the data in hourly time basis using wireless
communication. The user is displayed with the interface where one can view the recorded values of the
different parameters of desired time period. The deviation of the parameters is also be displayed in a
graph in daily basis. With the data analysis, instant results are displayed in the web browser anytime and
anywhere. However, the efficiency of the system cannot be guaranteed due to various unavoidable errors
of the equipment. Despite of the error factors, we expect to draw the best performance out of this system.
The system can prove its worth by delivering accurate and consistent data throughout the testing period
and with the added feature of incorporating IoT platforms for real time water monitoring, this system
can be an excellent contender in real time water monitoring.
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Figure 2: Webpage showing all parameters along with remedies
Given above is the user interface of the system when the user logs into the specific web page. The user is
initially shown the records of both the pH and conductivity parameters. Here the records are shown in the
time interval of 30 seconds. In case of any deviation from the standard parameters like shown above, the
remedies are also displayed in order to inform the user as to what can be done in order to purify the water.

Figure 3: Showing pH value only
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Figure 4: Showing Conductivity value only
The user can also choose to view only of the two parameters. In that case the user also has an option of
viewing a graphical form of the deviation of the specific parameters with time which makes the monitoring
more interactive.

Figure 5: Graph showing pH deviation
every 5 minutes
5.

Figure 6.Graph showing conductivity
every 5 minutes

ANALYSIS

The result obtained from the system is then analyzed and compared with the standard value along with
its error calculation. This is a very crucial step in order to make the system more accurate.
5.1. PH SENSOR RESULT ANALYSIS
Table 1: Output Digital Values for Respective Solution
Solution
Distilled water

Std. pH
7

Voltage Counts
2595

Corresponding voltage
3.23V

Obtained pH
7.2

Output of the pH sensor for distilled water found to be 7.2. Since distilled water is neutral with pH
exactly 7 (at 293K) [10] so there was some error while measuring pH .The probe of the pH sensor with
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which pH is measured is very sensitive. It even reacts to a very small drop of liquid molecule in its probe.
The sensor is very sensitive to the environment. Since the parameters of water is defined in molecule
level, the shaking of the pH probe would cause the molecules to deviate from its position thereby
affecting ph.
Error calculation for pH:
𝐸𝑟𝑟𝑜𝑟 % =

|𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑣𝑎𝑙𝑢𝑒−𝑠𝑡𝑑.𝑣𝑎𝑙𝑢𝑒|
𝑠𝑡𝑑.𝑣𝑎𝑙𝑢𝑒

=

∗ 100%

(1)

|7.2 − 7|
∗ 100%
7
= 2.85%

Hence the error calculation of pH sensor for distilled water is 2.85%
5.2. CONDUCTIVITY SENSOR OUTPUT ANALYSIS
Table 2: Table Showing rainwater digital output
Solution
Rainwater

Standard Conductivity
50

Obtained Conductivity
50.2

Error calculation for Conductivity:
|𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑣𝑎𝑙𝑢𝑒−𝑠𝑡𝑑.𝑣𝑎𝑙𝑢𝑒|
𝐸𝑟𝑟𝑜𝑟 % =
∗ 100%
𝑠𝑡𝑑.𝑣𝑎𝑙𝑢𝑒

=

Digital Output
567

(2)

|52.8 − 50|
∗ 100%
50
= 5.6%

Hence the error calculation of pH sensor for distilled water is 5.6%.The output of conductivity sensor
for Rain water was found to be 52.8%. Since rain water is neutral, its conductivity should be 50µS/cm
(at 293K) [11].So there were some error while making conductivity sensor. Conductivity sensor is very
sensitive which even make differences its output if the probe is moved as molecules move apart changing
the conductivity value. Also, the nichrome wire used for making the conductivity sensor is of 32 gauage
which also makes difference in the measured value.
6.

CONCLUSION

This Project demonstrates a smart water quality monitoring system using IoT to validate the system
measurement accuracy. In this project, we propose a system that integrates with the IoT technology for
real-time water quality monitoring. The system can monitor water quality automatically, and it is low in
cost and does not require more manpower. This real-time application generates, collects, transfers, and
stores sensor data in the web server. Data analysis was done, and instant reports were generated to display
from anywhere and anytime in the web browser. This system was designed to reduce manpower, lower
cost, and increase efficiency in water distribution and monitoring. Experiments affirm the good
performance of the proposed system. In a nutshell, the system has proved its worth by delivering accurate
and consistent data throughout the testing period and with the added feature of incorporating IoT platforms
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for real time water monitoring, this should be an excellent contender in real time water monitoring
solutions. Therefore, this proposed system is reliable for a real environment deployment.
7.

FUTURE ENHANCEMENTS

The current System illustrates the design and performance of a real-time monitoring system for
measuring the water quality of two parameters of water. The reconfigurable system can be further
improved by a combination of more sensors for the large measuring area. Additionally, the alarm system
unit can be deployed in the system when there occurs large deviation in parameter values from the
standard one along. The system has good flexibility. Only by replacing the corresponding sensors and
changing the relevant software programs, this system can be used to monitor other water quality
parameters.
The system can be expanded to monitor hydrologic, air pollution, soil pollution and so on. It has
widespread application and extension value. By keeping the embedded devices in the environment for
monitoring enables self-protection (i.e. smart environment) to the environment. To implement this
method, it is necessary to deploy the sensor devices in the environment for collecting the data and
analysis. By deploying sensor devices in the environment, we can bring the environment into real life
i.e. it can interact with other objects through the network. Then the collected data and analysis results
will be available to the end user through the Wi-Fi. Mobile application can be made to see the measured
value of the water parameters and the use of GSM module will send the message to the respective user
about the measured water parameter value.
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ABSTRACT
Payment for goods and services in Nepal is characterized by long queues; long distance traveling and
time wasting that generally affect business activities and ultimately economic development. Settling
utility bills, payment for goods and services, and money transfers has been a major headache for
individual and firms in Nepal resulting in declined business activities and huge debt to most of the utility
providers. In fact, the country have not yet realize the full benefits of the technological advances in
electronic payment such as the use of cards, automated teller machines (ATM), the Internet, mobile
phones, and other devices. To identify factors that influence the acceptance of these payment systems a
theoretical extension of the Technology Acceptance Model, Theory of Planned Behaviour and Trust was
used to evaluate the factors that influence the adoption and acceptance of the information technology
and system of Internet; in the e-Finance sector in Nepal, especially in digital transaction services. This
study will address the questions about the factors that affect the adoption of digital transaction services
and the extent these factors affect people’s intention towards the adoption of those services.
Keywords: Digital Transaction, e-Payments, Internet Banking, Information Technology (IT), Intention
to Adopt, Technology Acceptance Model (TAM), Trust
1.

INTRODUCTION

Advances in information and communication technologies in particular, the growing use of the internet
for business transaction, have had a profound effect on every industry. While this is a global
phenomenon, creating a truly global marketplace, penetration of digital transaction services into less
developed countries lags behind that of the developed Western countries. While poor economies,
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education and infrastructure are obvious factors in the slow adoption of technology in some developing
countries, there are probably also other issues like Trust that plays role.
The spatial and temporal separation of e-commerce between customers and vendors as well as the
unpredictability of the Internet infrastructure generate an implicit uncertainty around the initial adoption
of on-line service [1]. As technology acceptance model (TAM) is mainly proposed for technology-based
perspective through two system features of perceived usefulness (PU) and perceived ease of use (PEOU)
[2], it is incomplete in the context of on-line services. Theory of planned behaviour (TPB) is the model
widely used in predicting and explaining human behaviour while also considering the roles of individual
organizational members and social system in this process [3]. Accordingly, the three influencers in this
theory, i.e. attitude, subjective norm and perceived behavioural control, can be interpreted as attitude for
technology role, subjective norm for organizational members and social system roles, and perceived
behavioural control for individual role.
As a result, an extension of Trust and TAM model with TPB including subjective norm and perceived
behavioural control should be in a more comprehensive manner to examine the acceptance of digital
transaction. In this extension, trust is placed as an important antecedent of attitude, subjective norm, and
perceived behavioural control and also intention. Hopefully, this will provide us more information to
overcome the hindrances to adoption of digital transaction systems.
Nepal is a small economy of which the banking era has not yet completed a century. 1937 was the year
when first bank established in Nepal. Till 1984, there were only four banks (two commercial banks and
two development banks) in Nepal, all state-owned. With the partial opening up of the economy in 1984,
the first joint-venture bank was established. Presently, there are 23 commercial banks, 36 development
banks and 91 finance companies.
The forms of digital transaction in Nepal include Credit Cards (introduced by Nabil Bank in 1990), Debit
Cards (all commercial banks), Automated teller machines (introduced by Himalayan Bank Ltd. in 1995),
Electronic fund transfer at points of sale (EFTPOS), Internet banking (introduced by Kumari Bank Ltd.
in 2002), Mobile banking; (introduced by Laxmi Bank Ltd. in 2004) [4]. Apart from the banks F1 soft
(e-Sewa, Fone Pay), Paybill, i-Pay and a few other companies are acting as intermediaries in the digital
transaction system. Despite the introduction of so many alternatives for transactions, Cash still remains
the most popular retail payment instrument. In the technologically developed world, IT adoption is faced
by barriers, such as the lack of top management support, poor quality IS design and inadequately
motivated and capable users [5]. In the developing world, the same barriers appear to be often
impenetrable. In addition, problems found in developing counties are attributed to a lack of national
infrastructure, capital resources, or government policies set in place to prevent technology transfer [6].
The trust effect in the model is indirect and fully mediated through Attitude, Perceived behavioural
control, Subjective norms. There is, however, empirical evidence of the trust direct effect on behaviour
intention. The research tests the relationships between the entire variable in the model.
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Figure 1 Research Framework [7]
2.

MATERIALS AND METHODS

This research is quantitative in nature as it explores relationship between variables that influence the use
of digital transaction system. More importantly the research will look forward to identifying the relation
digital transaction system use with perceived ease of use, perceived usefulness, perceived enjoyment,
Information of digital transaction, security and privacy and Quality of Internet connection in context of
Nepal.
The population of the study was the households of Kathmandu Metropolitan City with a household
population of 671,846 (2001) people. Primary sampling unit was selected so that it covers at least 20%
of the geographic area, the Primary Sampling Unit would be around 8 wards. Then 20 households from
each ward was selected by convenient techniques from each ward which making in the total of 160
samples in total.
The questionnaire consisting of two sections i.e. demographic information and an opinion section
consisting of statements to be rated in a five point “Likert Scale” was administered to collect the
responses.
Following table presents constructs and their corresponding measurements sources used for
questionnaire.
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Table 1 Measurement of Constructs
Construct

Factors

Intention (INT)

INT1

Measurement

INT2
INT3
Attitude (ATT)

ATT1

Five Point Likert Scale

ATT2
Perceived Behavioural Control (PBC)

PBC1
PBC2

Trust
(Trust)

T1
T2
T3

Perceived Usefulness (PU)

PU1
PU2
PU3

Perceived ease of use (PEU)

PEU1

Five Point Likert Scale

PEU2
PEU3
PEU4
Subjective Norms (SN)

SN1
SN2
SN3

For validity, questionnaire were reviewed with the help of expert’s opinions and suggestions. For
reliability, the researcher will administer the question personally to each respondent so that there was no
inconsistency in answering the question. If degree of variance is excessively large, the research was
investigated for reliability. Internal consistency reliability were also tested using Cronbach’s α.

168

Journal of Innovations in Engineering Education | Vol: 3 | Issue: 1 | March 2020

Table 2 Reliability of Constructs
Construct

Factors

Cronbach's α

Reliability

INT1
Intention

INT2

0.898

Reliable

0.743

Reliable

0.393

Not Reliable

0.912

Reliable

0.801

Reliable

0.841

Reliable

0.742

Reliable

INT3
Attitude
Perceived Behavioural Control

ATT1
ATT2
PBC1
PBC2
T1

Trust

T2
T3
PU1

Perceived Usefulness

PU2
PU3
PEU1

Perceived ease of use

PEU2
PEU3
PEU4
SN1

Subjective Norms

SN2
SN3

3.

RESULTS

All the 142 respondents of the questionnaire were non-user or at least one time user of digital transaction
services. The following table represents the demographic characteristics of the respondents.
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Table 3 Profile of the Respondents
Variable
Gender
Age
Education

Occupation

Income Per Month
(NRs.)

Classification of variable

Frequency

Percent

Male

117

82.4

Female

25

17.6

21-30 years old

123

86.6

31-40 years old

19

13.4

Bachelors

67

47.2

Masters or more

75

52.8

Student

37

26.1

Government Service

18

12.7

Private Sector

82

57.7

Others

5

3.5

Less than 15,000

32

22.5

15,001-30,000

31

21.8

30,001-45,000

43

30.3

45,001-60,000

24

16.9

60,000+

12

8.5

The result shows that most of the respondents are male (82.4 %) and between 21-30 years old (86.6%),
52.8% have master’s degree or more and income of 30.3% is 31,000-45,000 per month.
For the purpose of this study, correlation analysis was done to assess the impact that movements or
variations in perceived ease of use, perceived usefulness could have on digital transaction use.

170

Journal of Innovations in Engineering Education | Vol: 3 | Issue: 1 | March 2020

Table 4: Correlation between constructs
Correlations
INT
ATT
PBC

INT
1

ATT
.657**

PBC
.541**

Trust
.458**

PU
.590**

PEU
.618**

SN
.081

1

.503**

.486**

.584**

.468**

.132+

1

.268**

.269**

.410**

.210*

.332

.498

**

.379**

.604**

.159+

1

.194*

1

Trust

1

PU
PEU
SN
**. Correlation is significant at the 0.01 level (2-tailed).

**

1

*. Correlation is significant at the 0.05 level (2-tailed).
. Correlation not significant as the constructs have no relationship

+

We have used simple linear regression as the model to predict the relationship between the variables.
Linear regression is an approach for modelling the relationship between a scalar dependent variable y
and one or more explanatory variables (or independent variables) denoted X. The case of one explanatory
variable is called simple linear regression. [7]
The following table represents the result of testing the structural links of research model using linear
regression analysis. The estimated path coefficients are given along with the associated t-value. Most of
the coefficients are significant at the 99% significance level providing strong support for all the
hypothesized relationships.
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Table 5: Relationship between constructs
Hypothesis

Constant

Coefficient

Effects

R2

H01

ATT → INT

0.431

0.076

0.657

10.305

Reject

H02

PBC→ INT

0.293

1.627

0.315

7.616

Reject

H03

SN→ INT

0.007

3.895

0.081

0.958

Accept

H04

Trust→ ATT

0.236

3.509

0.486

6.581

Reject

H05

Trust→ PBC

0.072

3.564

0.268

3.286

Reject

H06

Trust→ SN

0.144

2.624

0.379

4.849

Reject

H07

Trust→ INT

0.210

2.897

0.458

6.098

Reject

H08

Trust→ PU

0.110

3.759

0.332

4.163

Reject

H09

PEU→ PU

0.365

2.775

0.604

8.978

Reject

H010

PEU→ Trust

0.248

1.289

0.498

6.795

Reject

H011

PEU→ ATT

0.219

3.269

0.468

6.260

Reject

H012

PU→ ATT

0.341

2.081

0.584

8.509

Reject

H013

PU→ INT

0.348

0.796

0.590

8.643

Reject

(H0i)

(β0)

(βi)

t-stat

Remarks

The results shows that the intention to use e- payment is predicted by Attitude (β1= 0.657, p<0.01),
Perceived Behavioural Control (β2= 0.315, p<0.01) Trust (β7= 0.213, p<0.01) and Perceived Usefulness
(β13= 0.328, p<0.01). Attitude is predicted by Trust (β4= 0.318, p<0.01), and Perceived Usefulness (β12=
0.459, p<0.01). Perceived Usefulness is predicted by Perceived Ease of Use (β 9= 0.584, p<0.01).Trust
is predicted by Perceived Ease of Use (β10= 0.498, p<0.01).Trust has positive effect on Perceived
Behavioural Control (β5= 0.268, p<0.01), Subjective Norms (β6= 0.379, p<0.01)
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Figure 2: Results of the study
4.

DISCUSSION

This study shows that both technological and trust-based issues are important in increasing customer’s
behavioural intention to use digital transaction. The TAM beliefs, Perceived Usefulness and Perceived
Ease of Use, and trust are shown to be two sets of underlying antecedents in determining behavioural
intention to use, each contributing its significant influence on behavioural intention to use through a
number of mediators such as attitude, perceived behavioural control, and subjective norm. This means
that to effectively attract customers to use digital transaction, the design of digital transaction site needs
to carefully pay attention to both aspects. Besides, as discussed previously, novice users tend to rely
more on trust in non-technology features than on Perceived Ease of Use and usefulness in technologybased features to develop their attitude toward the behaviour. In other words, trust is important in
determining user’s attitude like Perceived Ease of Use and usefulness in digital transaction. The major
trust based concerns may include privacy protection, accuracy to declaration, and unauthorized access
and so on.
5.

CONCLUSION

The implication of these findings and conclusions are that, digital transaction service provider need to
play a leading role in influencing the perception, and there by the attitude and behaviour of current and
potential digital transaction users. The outcome of this study has two practical implication for banks and
digital transaction service providers for improving the use and acceptance of these services.
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Awareness of digital transaction services is essential in the early adoption stages of the user. As digital
transaction services are still new in Nepal, effective presentations using all forms of media advertising
such as leaflets, brochures, web pages, etc., will be useful to introduce the services to a wider audience
and educate potential customers about the benefits of digital transaction. To access more potential
adopters, information about digital transaction should be provided by bank tellers and bank assistants at
branches and by service intermediaries at their counters. The information should include references to
“time saving”, “convenience” at anywhere any time, “low costs”, and “information availability”.
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ABSTRACT
This paper describes construction of 16 element frequency independent and high bandwidth Log Periodic
Dipole Array antenna which works within the frequency range of 30 to 150 MHz. The antenna of gain
8 dBi is designed by calculating the parameters from Matlab. Matlab program is used to calculate the
parameters like length of elements, separation between elements, theoretical impedance, standing wave
ratio, etc. Thus, the designed antenna was fabricated. The antenna element is a cylindrical aluminum
pipe of diameter 9mm and the boom used is rectangular antenna pipe of dimension 1”X1”. Fabrication
also includes other materials like M-seal, zip tie, etc for physical stability of the antenna. Log Periodic
Dipole Array antenna design described in this paper is fed with 75 ohm coaxial cable to 1:1 balun. Balun
is also used for impedance matching between the antenna and coaxial cable. Antenna analyzer is used to
measure Standing Wave Ratio and Impedance which are found to be 1.623 and 71.5625 ohm
respectively. The antenna can be a receiver or a transmitter type for operating with the signals within
Very High Frequency band.
Keywords: Antenna, Frequency Independent, Log Periodic Dipole Array, Very High Frequency
1.

INTRODUCTION

Antenna is a device that converts electric signal into electromagnetic signal and vice versa.
Communication through unguided medium uses electromagnetic signals and antennas. Nature and size
antenna vary for according to frequency of radio wave that is used for communication.
Among various types of antennas, LPDA antenna is used for transmitting signals of higher frequency
range. LPDAs are frequency independent, broadband, directional antennas that consists of element
varying logarithmically in both length and spacing between the elements. The length of dipoles are
associated with half the wavelength of receiving signal. LPDA is used for Television, point to point
communication, as receiving antenna in receiving station, Radio and many more. Depending on its
design parameters, LPDA can be operated across a wide range of frequencies in VHF as well as UHF
and over this range the gain, feed-point impedance, front-to-back ratio, etc. remains more or less
constant. LPDA exhibits relatively low standing wave ratio (SWR) over a wide range of frequencies
usually 2:1 and has frequency independent performance as well. [1] R.H. DuHamel first designed Log
175

Design of Log Periodic Dipole Array Antenna Ranging from 30 to 150 MHz

periodic antenna in 1957. [2] The first work on LPDA was published in 1960 by D.E. Isbell. However,
the practical design was first published in 1961 by CARREL [3].
Designing of LPDA antenna includes calculation of parameters like number and size of antenna
elements, boom spacing, and separation between antenna elements. All calculations are done using
Matlab. Impedance and standing wave ratio (SWR) of antenna was measured with vector network
analyzer also known as Antenna analyzer.
2.

MATHEMATICAL MODELING

The elements of LPDA are excited with 180 degree phase shift with length and spacing between the
elements varying in accordance with equation 1 and 2. [4] Here, length of ith element of antenna is Li
and spacing between ith and (i+1)th element is denoted by Ri.

Figure 1: General structure of LPDA.

(1)

𝑳𝒊+𝟏 = 𝛕𝑳𝒊
𝑹𝒊+𝟏 = 𝛕𝑹𝒊

𝝈 =

𝑹𝒊 – 𝑹𝒊−𝟏
𝟐 . 𝑳𝒊

(2)
(3)

Where τ is design constant called periodicity (0 < τ < 1) and σ is relative spacing of the elements.
The design input parameters are the nominal input resistance (R 0), the desired gain (G) relative to
isotropic radiator, and frequency range expressed as the lower (f1) and upper (f2) operating frequencies.
In the design R0 is taken 50 ohm to achieve VSWR less than 1.5. The lower cutoff frequency (f1) is 30
MHz and upper cutoff frequency (f2) is 150 MHz with a gain of 8 dBi. The gain of antenna is constant
and taken as reference for estimating values of periodicity (τ) and relative spacing (σ).
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Figure 2: Relative spacing vs. periodicity graph. For the gain of 8 dbi,
relation between sigma and tau is as equation (4)
The corresponding values τ and σ for Gain (G) = 8 dBi is determined from the relative spacing vs
periodicity graph exhibiting linear relationship of τ and σ as:
(4)
𝜎 = 0.243 𝜏 − 0.051
Relative bandwidth (B) of the system was calculated as,
𝑓2
𝐵 =
𝑓1
Active region bandwidth (Bar), structure bandwidth (Bs) was calculated as,
4𝜎
𝐵𝑎𝑟 = 1.1 + 7.7(1 − 𝜏)2
1 − 𝜏
𝑓2
𝐵𝑠 = 𝐵 ∗ 𝐵𝑎𝑟 = ∗ 𝐵𝑎𝑟
𝑓1

(5)
(6)
(7)

The required number of dipole elements (N) and length of longest element which corresponds to the
frequency of 30MHz were calculated as,
𝑙𝑜𝑔(𝐵𝑠 )
)
𝑙𝑜𝑔(1 − 𝜏)
𝐶
𝐿1 =
2𝑓
Where C is the speed of EM waves in vacuum. The spacing between two elements is given by,
𝑁= 1 + (

(8)
(9)

4𝜎
(10)
1−𝜏
For higher front-to-back ratio at the lowest frequency, the antenna feeder is shorted at a distance L s
behind the longest element. The short acts as a reflector; its distance from the longest element is given
by. [4]
𝑅𝑖 – 𝑅𝑖 + 1 = (𝐿𝑖 − 𝐿𝑖 + 1) ∗

𝐿𝑠 =

(11)

𝜆
4
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The distance between booms is calculated as,

𝑍0
𝑑𝑓 = 𝑏𝑐𝑜𝑠ℎ (
)
120
Where, b is the diameter of feeder tube and
Z0 is the feeder characteristic impedance ensuring the lowest possible VSWR [4].
𝑍0 =

𝑍0 2 √𝜏
(𝑅0 √𝜏)2
+ 𝑅0 √
+1
(8𝑍𝑎𝑣 𝜎)2
8𝑍𝑎𝑣 𝜎

Where,
𝑍𝑎𝑣 = 120 𝑙𝑛 𝑆 – 2.25
The slimness factor can be calculated as
𝐿𝑖
𝑆 =
2𝑎𝑖
Where 2ai is the diameter of ith element and Li is its length.

(12)

(13)
(14)
(15)

2.1. CALCULATION OF SWR
When antenna receives signals transmitted from transmitter, some portion of the signal gets reflected
back and the coefficient of reflection (⍴) is calculated as,

⍴=|

𝑍1 − 𝑍2
|
𝑍1 + 𝑍2

(16)

Where, ⍴ = reflection coefficient and Z1 and Z2 are impedances of mismatched lines. Using the value of
reflection coefficient, Standing Wave Ratio (SWR) is,
𝑆𝑊𝑅 =

1+⍴
1−⍴

(17)

Ideally, SWR is 1:1 which means that there is no power being reflected back to the source. Practically,
a SWR of 1.2:1 is considered excellent in most cases. [5] At SWR of 2:1, approximately 10% of the
power is reflected back to the source. Not only does a high VSWR mean that power is being wasted, the
reflected power can cause problems such as heating cables or causing amplifiers to fold-back.
Calculation of Return Loss and Mismatch Loss:
𝑉𝑆𝑊𝑅 – 1
]
𝑉𝑆𝑊𝑅 + 1

(18)

∴ 𝑅𝑒𝑡𝑢𝑟𝑛 𝐿𝑜𝑠𝑠 = − 20 𝑙𝑜𝑔 𝜌

(19)

𝑅𝑒𝑡𝑢𝑟𝑛 𝐿𝑜𝑠𝑠 = − 20 𝑙𝑜𝑔 [

(20)
𝑀𝑖𝑠𝑚𝑎𝑡𝑐ℎ 𝑙𝑜𝑠𝑠 = −10 𝑙𝑜𝑔( 1 − 𝜌2 )
Receiving log-periodic dipole array antenna was designed using the above mathematical calculations.
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3.

PARAMETER CALCULATION

The values of τ and σ taken from graph are used to calculate length and spacing of elements.
The parameter calculation for designing antenna is done on Matlab. Value of τ, σ, upper frequency and
lower frequency are taken as input parameters for calculation. Formulas for calculation is based on
aforementioned equations. Algorithm used while calculating in Matlab is as follows:
1. Start
2. Enter values of τ, σ, and lower and upper cut-off frequency
3. Calculate bandwidth (B) = upper frequency/ lower frequency
4. Calculate active region bandwidth (Bar)
5. Calculate maximum wavelength = speed of EM wave in vacuum / lower frequency
6. Calculate number of elements (N)
7. Calculate characteristics impedance (Z0)
8. Calculate separation of two elements.
9. Calculate length of elements: Li = τ Li+1
4𝜎
10. Calculate spacing between the elements: 𝑅𝑖 – 𝑅𝑖 + 1 = (𝐿𝑖 − 𝐿𝑖 + 1) ∗
.
1−𝜏
11. Repeat step 9 and 10 for 16 times.
12. Calculate SWR
13. Display all results.
14. End
Calculations of parameters using program yields output variables as follow:
Upper cutoff frequency (f2) = 150 MHz
Lower cutoff frequency (f1) = 30 MHz
𝑓
Bandwidth (B) = 2 = 5
𝑓1

Antenna impedance for maximum power transfer and directivity (R 0) = 50 ohm
Gain (G) = 8dBi
Relative spacing (σ) = 0.175
Design constant or Periodicity (𝝉) = 0.865
Longest length of dipole (L1) = 4.9965 m.
Active region bandwidth (Bar) = 1.82765
Structure bandwidth (Bs) = 9.13825
Number of dipole elements (N) = 16
Separation between booms = 6.887 cm
Zavg = 363.686
Feeder characteristic Impedance (Z0) = 238.3072
As the number of elements was found to be 16 for our frequency range, sixteen dimensions of elements
and spacing between them is calculated and tabulated as below:
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Table 1: Length of half element of antenna element varying logarithmically. Length of element is taken
half as antenna contains two booms.
Element
(Li)
L1
L2
L3
L4
L5
L6
L7
L8

Length of half
element(cm)
249.825
216.098
186.925
161.862
139.862
120.98
104.648
90.520

Element
(Li)
L9
L10
L11
L12
L13
L14
L15
L16

Length of half
element(cm)
78.3
67.729
58.586
50.677
43.835
37.981
32.799
28.371

Table 2: Spacing between elements varying logarithmically
Spacing between
elements (Ri-Ri+1)
R1 – R2
R2 – R3
R3 – R4
R4 – R5
R5 – R6
R6 – R7
R7 – R8
R8 – R9
4.

Spacing(cm)
87.44
75.63
65.42
56.59
48.95
42.34
36.63
31.68

Spacing between
elements (Ri-Ri+1)
R9 – R10
R10 – R11
R11 – R12
R12 – R13
R13 – R14
R14 – R15
R15 - R16

Spacing (cm)
27.41
23.70
20.50
17.74
15.34
13.27
11.48

DESIGN IMPLEMENTATION

Two booms of dimension 1”X1” was used to fabricate elements. Feeder tube and antenna elements both
are aluminum tubes. Elements were mounted on the boom using barrel nut of sliding lock and fixed
using M-seal. Each half element was mounted on the boom maintaining equal spacing on both the booms
in a zigzag manner so that single feeder on the antenna booms provides alternative polarity. Screws and
aluminum foils were used for mounting the bolt on the boom and attaching the elements on the bolt.

Figure 1: Antenna Fabrication. Barrel bolt was mounted on boom and antenna elements were fixed on
the bolt using M-seal and aluminum tape.
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The antenna designed was fed with 75 ohm coaxial cable with a balun. Balun is basically a transformer,
used to connect balanced line with unbalanced one. Balun provides impedance transformation in addition
to conversion between balanced and unbalanced signal modes; others provide no impedance
transformation. For 1:1 baluns (no impedance transformation), the input and output are usually both 50
ohms and 75 ohms. The most common impedance-transformation ratio is 1:4 (alternatively 4:1). Some
baluns provide other impedance-transformation ratios, such as 1:9 (and 9:1), 1:10 (and 10:1), or 1:16
(and 16:1). Impedance-transformer baluns having a 1:4 ratio are used between systems with impedances
of 50 or 75 ohms (unbalanced) and 200 or 300 ohms (balanced).

Figure 2: Impedance matching balun constructed with ferrite core and insulated copper wire. [6]
The overall fabricated structure is as shown below:

Figure 3: Fully fabricated antenna installed on Department of Electronics and Computer Engineering,
Thapathali Campus, Kathmandu.

181

Design of Log Periodic Dipole Array Antenna Ranging from 30 to 150 MHz

5.

DESIGN ANALYSIS

Vector Network Analyzer (VNA) is an instrument that measures the network parameters of an electrical
network such as characteristic impedance in complex form along with its absolute value and Standing
Wave Ratio (SWR) at tuned frequency. VNA used in our project was Color Graphic Antenna Analyzer
SA-250. It was used to measure the characteristic impedance of LPDA antenna. In addition to this, it
was also helpful in determining whether the signal was transmitted from balanced to unbalanced line
with low SWR or not. To measure the characteristic impedance of the antenna and confirm the proper
operation of the balun, the VNA was connected to the feed point using SMA connector extending from
50 Ohm coaxial cable. The output of balun was connected to the VNA using SMA connector extending
from 75 Ohm coaxial cable. The average SWR was measured at 16 different frequencies with an average
of 1.623 while the impedance of the antenna was averaged to 71.5625 ohm.

Figure 4: Antenna Analyzer showing properties of antenna at frequency of 145.5 MHz.
6.

CONCLUSION

The designed Log Periodic Dipole Array Antenna can be used as receiving or transmitting antenna for
high bandwidth signal transmission. It has frequency range of 30 MHz to 150 MHz. The value of SWR
and impedance was found to be in the acceptable range.
The error on SWR and Impedance were 8.2 % and 4.58% respectively. The capacitive effect due to
separation between the booms introduced the error on Impedance, whereas the error on SWR was as a
result of imperfect impedance matching.
The working range of antenna is in Very High Frequency (VHF) band. In VHF band, LPDA is suitable
as a common receiving antenna for different kind of signals like radio signals of range 80 MHz to 108
MHz, Navigation Aids and Aviation controls working respectively on frequency range of 108 MHz to
118 MHz and 118 MHz to 135 MHz. Furthermore, the antenna can be used as receiving antenna for
solar radio outbursts that occur at the working frequency range of the antenna. For the detection of solar
radio outbursts the antenna was placed on open space facing the sun. The receiver system connected to
it was used to monitor the change in intensity pattern of the radio outbursts then predict solar flares and
radio blackouts.
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