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ABSTRACT

Electrically assisted with PV panel supported vehicle is developing a market for the
automobile manufacturers as it is a promising innovation in case of reducing CO, emissions
and fossil fuel consumption. The number of electric vehicles on the road is not up to the
expectation due to some constraints which includes limited driving range that depends on
many factors such as load type, driving style and road condition. The paper describes the
development and implementation of an algorithm to produce and install a useful electrical
device on the electric vehicle which will show State of Charge (SOC), remaining discharging
time of battery and available travel distance correspond to SOC on the LCD display by using
microcontroller along with necessary external electrical connections with required
components. This electrical device provides the features for the puller to take the decision
about charging the batteries used in the vehicle in time which helps to avoid unwanted risky
occurrence in the middle of the road due to limited driving range. This project include a brief
description of the method used to develop the algorithm and also describes the data obtained
from the field test which assures performance, efficiency and feasibility of the electrical

device.
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Chapter 1
Introduction

1.1 Introduction to Development of Electric Vehicle

In the world of automotive industry, Electric Vehicle (EV) is a relatively new concept which
is achieving more popularity day by day because of its high level efficiency, eco-friendly
behavior, low level of noise pollution and regenerative multiple energy sources [1].
Conventional fossil fuel vehicles inject a lot of carbon emissions into our natural atmosphere
that creates pollution and greenhouse gases [2]. In order to mitigate the environmental
degradation, an electric vehicle is a great step forward such as the use of EVs is viewed as an
attractive option to the transportation sector which can reduce CO,emission, consumption of
fossil fuel by using a clean and renewable energy source like solar energy [3]. Electric
vehicle can harvest energy as it has a regenerative braking system, otherwise energy can be
lost when heat is produced during the braking situation. Thus, EVs are more energy
efficientcompared to all conventional fossil fuel vehicles.However, the number of electric
vehicles on the road is not up to expectations than other conventional fossil fuel vehicles due
to its driving range, long charging time, low battery life time and lack of charging
infrastructures [4]. Thus, the development of electric vehicles provide a potential partial
solution to world-wide concerns related to environmental pollution and energy security. In
our project, we are developing an electrical device for the electric vehicle which will display
SOC (State of Charge) of the batteriesand the whole system will be developed by the
microcontroller. Besides, we will also display the time and covered distance where time will
provide us how much time is remaining to discharge batteries completely and in this time
how much distance we can travel as this electrical device gives the information of the

charging status of the batteries.
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1.2 Background and Motivation

Such a mass gathered country like Bangladesh, manually driven vehicle like rickshaw or van
is one of the most chosen option for earning the livelihood for the majority of poor people. In
the history of Bangladesh, these types of vehicles will show their existence even in the oldest
page of history. The first cycle rickshaw in Bangladesh appeared in the 1930's [5]. After the
invention of first cycle rickshaw, its being popular that the total number of rickshaws in the
city is at least two and a half times that of the registered ones and accordingly, the city had at
least 280,000 rickshaws in 2000 [6]. Recently, motor driven vehicles are getting large in
number and earning positive response from the people who used to choose these vehicles for
livelihood or who like to ride on these. Rickshaws and vans are becoming motorized for the
purpose of its effectiveness and provides a non-polluting silent transport system which is also
a very cost effective vehicle. In addition, these motor control vehicle need driver but driver
does not need any qualification to become the rickshaw puller. Anyone can choose to be a
driver of these vehicles that does not need any road permission or even license. Since the
motor controlled one does not require any physical labor, it is the best option for the person
who choose to become rickshaw puller whereas the existing traditional rickshaws are very
poorly designed so that it takes a heavy toll on the health of a rickshaw puller. Furthermore,
the rickshaw puller has to work very hard while climbing even a slight slope as the gearing
and mechanical advantage of the pedal is poor. Hence a common sight is of rickshaw puller
getting down and pulling on foot the rickshaw with passengers and the speed of motor
controlled rickshaws is also better than the manually driven rickshaws. For this reason, the
motorized vehicles are loudly showing its presence in the rural areas and most of people are
getting interested on this vehicle day by day.Such as Figure 1.1 shows a comparison between

traditional rickshaw and CARC prototype of electrically assisted rickshaw vans.
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Figure 1.1: Motor Controlled Rickshaw Vans VS Traditional Rickshaw

In this new era of technology intellectual works have given more priority than physical works
as physical labor are replacing by the intelligence of human brain. In order to keep pace with
this fastest and latest world, our country is also facing the replacement of physical works.
Smart technology has entered in almost every sector, hence the transportation system could
not escape from the technological advancement. In the last few decades technology has
touched our transport system in such a dramatic way that our old transport system like
rickshaws, vans, etc. are also getting furnished by the technology. These types of vehicles are
getting modernized to cope up with the upgrading world. Among all types of vehicle, people
use rickshaws mostly to travel short distances that has the highest amount of popularity.
Therefore, modification with the update of this vehicle is highly required to reduce the effect
of physical work, hence this project developing a display for electric vehicle. To meet with
the success of this project, we four people join together to develop an algorithm for the most
popular vehicle in our country to measure some of its important information such as SOC,
travelling time and coverable distance. Basically we become motivated due to the problem of
not having this device in the existing electric vehicle like drivers cannot know when the
battery charge will be finished. In the middle of the road, the vehicle may not move further
because the SOC is 0%. Hence, both passengers and drivers face huge problems for not
knowing these valuable information like SOC, time remaining to discharge batteries and
preferable distance to cover. We potentially believe that our project will be helpful for both
passengers and drivers as they will come to know that how much charge is remaining to

discharge the batteries. Thus, the driver can charge up the batteries in time which will bring
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positive impact to people of the society who runs and ride these vehicles; it will also motivate

other individual to come up with the further improvement of this project.

1.3 Objective of our project

The purpose of our project is to produce and install a useful electrical device in the electric
vehicle to help drivers with required necessary battery information that will help to take
precautions regarding how long they can drive the vehicle, and when his vehicle needs to be
charged which is driven by the financially needy van pullers. Using microcontroller with
other required components we make a display for the electric vehicle which will help the
rickshaw van pullers by showing remaining charge, time and in this time how long distance
they can travel, so this make the life of the van pullers easier and smooth than before. The
following informationwill be displayed in the LCD Display of the electrical device that will

be installed in the electrically assisted vehicle.

e The SOC (State of Charge) of the electric vehicle: It helps the van pullers to know
about the charging state of the van and thus they can charge the battery of the vehicle
when there shows scarcity of charge in the display.

e The time can be travelled with the unused stored charge of the battery: It is very
essential information for the puller that after the particular time which shows in the
display he needs to stop the vehicle. If he does not have the information the vehicle
might stop at the midway of his destination which is a financial loss for his daily
earning.

e The distance can be travelled with the remaining charge of the battery: This
information allows the puller to take the decision about how much further the vehicle
can be driven before discharging the batteries completely which is viewed by the
remaining charge in the display and stop the vehicle in the time as well as charge up

the batteries.

In a nutshell our main purpose is to provide the very crucial information about the charging
state of the battery of the vehicle, how much time and distance can be driven by the pullers.
Lastly, our project is affordable for the van pullers who live below the poverty line and bring
immense benefits to both passengers riding on the vehicle as well as pullers driving the

vehicle.
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1.4 Thesis Overview

We will explain our whole thesis work in eight chapters where chapter 1 contains the
introduction which includes mainly motivation and objective of our project. In chapter 2, we
discusses about the overview of our whole project where we are giving system block diagram
and circuit diagram. The chapter 3 contains burning process with hardware and software
components with all working process and existing features. The chapter 4 gives the field test
data for developing the algorithm with necessary curves and equation. The chapter 5 is about
the current sensing device with its working principle, features and necessary curves
correspond to practical data. The chapter 6 mainly includes the algorithm of our project
which will show SOC, remaining travelling time and distance on the LCD display. The
chapter 7 contains final output on the LCD display and chapter 8 is about the conclusion

where mentions drawbacks of our project, future plan for improvement of our project.
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Chapter?2
Overview of the project

2.1 Scope and application area of the project

For the application of our project, we basically focused on IEEE Infrastructure Development
Company Limited (IDCOL) funded projects on developed solar assisted electric vehicles like
human hauler, Ambulance and Cargo hauler (C5). Therefore, we are going to use our
electrical device on these three types of electric vehicles which will display some important
information such as SOC, remaining travelling time and projected distance coverage of the
battery. The solar electric ambulance van is a fully throttle controlled electric vehicle as well
as incorporated with torque sensor pedal and light weighted steel body that can carry patient
along with two attendants. As it is very cost effective and easy to construct, so the solar
powered ambulance brings a great change for the people living in the rural areas those whom
cannot afford the city ambulances [7]. Our project is to incorporate new technological
innovative electrical device to assist drivers of the electric vehicle. The puller and the people
of the rural areas will be benefitted from our project by knowing the coverable distance with
the current state of charge of batteries and they can decide within the remaining charge they
can travel how much further and find out whether they can reach destination or notwhen
transporting a patient, otherwise discharge the battery completely in the middle of the road. If
delay happens on the road can deteriorate health condition of patients further, who need
immediate medical services where city ambulance cannot reach because of the narrow lanes.
In addition, our project also benefits the puller of human hauler and cargo hauler (C5) where
human hauler transport passengers and C5 transport goods from one place to another. If the
electrical device is installed in all electric vehicle, they will be able to know current status of
SOC, remaining time and coverable distance which helps the puller to charge up the batteries
on time rather than discharging the battery completely in the middle of the road that will be
harmful for the driver as well as for the passengers. The figure 2.1 denotes the three

application area of our project.
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Human Hauler Ambulance Cargo Hauler

Figure 2.1: Three application area and scope of implementing the project

2.2 Block diagram of overall process

The figure 2 represent the block diagram of the overall process where one of the major parts
is burning the algorithm into the microcontroller with externally connected hardware
components are LCD display, potentiometer and USBASP AVR Programmer. First of all,
write the algorithm in AVR Studio and then burn the algorithm using Extreme Burner
software through physically connected device, USBASP AVR Programmer. After that, two
input voltage will be fed into the microcontroller where one input voltage is come from the
battery of the electric vehicle and the other input voltage is from the motor current of the
electric vehicle through the current sensor (ACS758). Current sensor converts the current into
voltage. Input voltage from the battery must need to step down the voltage within 5V as
microcontroller cannot take more than 5V. Potentiometer is used to tune the brightness of
LCD display. Thus, LCD display will show some current important information about the
electric vehicle such as estimated state of charge (SOC), remaining battery discharging time
as well as available travel distance. The figure 2.2 represent the whole block diagram of our

system.
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Figure 2.2: Block diagram of our project work
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In the block diagram, we already discussed about the whole system. The figure 2.3 represent

the whole circuit connection what we applied in our project work to display SOC, remaining

travelling time and distance.

LCD
123435 67891011 1213 141516
: g +
11 GND 31 ’7
PBO Voltage Divider J
PAS
PBI Circuit
PB2
PAT
\L ATmega3?2
PDO MOSI— 1
— VA PDI GND[— 3
POT PD2 RESET— 5
10k PD3 SCK—— 7 TUSBASP
PD4 MISO 9
PD5 VCC— 2
PD6 XD |— 4
D7 vee RXD 6
10

48V Battery

ACS758

1 2

Load

5V Power Supply

Figure 2.3: Circuit connection diagram for the whole system
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Chapter 3

Burning algorithm process with hardware
and software components

3.1 Background of AVR Programmer Software

The AVR is a modified 8-bit single chip microcontroller which was developed by Atmel in
1996. However, it was first introduce in 1997 and Atmel had shipped 500 million AVR flash
microcontrollers within 2003. Atmel says that ‘AVR’ is not an acronym does not mean any
particular thing. The inventors of AVR have not given any specific answer for what ‘AVR’
stands. Although it is usually use that AVR stands for Alf (EgilBogen) and Vegard
(Wollan)’s RISC processor [8]. AVR programmer is an USB in circuit programmer for Atmel
AVR microcontrollers. With this programmer, we can load hex files to AVR chips. Here, we
use microcontrollers as AVR chips. The programmer uses an USB driver software. The AVR
Programmers are directly controlled with port signals because it has no controller on the

programmer. These programmers can also be worked with AVR Studio [9].

AVRs have been used in various automotive applications such as security, safety, display,
powertrain and entertainment system. Besides, USB based AVRs have been used in the
Microsoft Xbox hand controllers. Here, the USB connects the controllers and Xbox. Various
companies induce AVR based microcontroller boards intended for use by hobbyists, robot
builders experiments and small system developers including cubloc, gnusb, BasicX, Oak
Micros,ZX Microcontrollers, and myAVR [8].

In our project we have used only AVR Studio 5.0 and Extreme Burner AVR. In this chapter,
the software components will be described in sub-section 3.1.1 and 3.1.2.

3.1.1 AVR Studio 5.0

AVR Studio 5.0 is a software development environment produced by Atmel which is used
with AVR microcontrollers. This software is a powerful tool designed for programming
microcontrollers. Atmel AVR Studio 5.0 is the Integrated Development Environment (IDE)
for developing and debugging embedded Atmel AVR applications. Indeed, it works with
windows version of XP, Vista, 7, 8, and 10. The version of AVR Studio 5.1, 5.0 and 4.9 are

usually downloaded to use by the programmers. AvrStudio.exe, avrstudio5.exe,
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avr32studio.exe, studio.exe or 294823.exe, these are the common filename of the program’s
installer. This gives us a seamless and easy-to-use environment for both beginners and
experienced developers to write, build, and debug ourC/C++ and assembler code [10]. One of
the great advantages of using this software was its large number of tutorials along with it

which helps us to get familiar with this software.

Figure 3.1: Opening view of AVR Studio 5.0 software

It has got some very important features that are mentioned below-

e This software provides the environment for editor, simulator, programmer and so on.

e Having its own integrated C compiler the AVR GNU C Compiler (GCC), it does not
need any third party C compiler [11].

e It permits chip simulation and in-circuit emulation.

e Same User Interface (UI) for simulation and emulation are used here.

e |t can develop programs for both 8-bits and 32-bits AVR series of microcontrollers
[11].

e Users can derive supports from this software by its easy access of datasheets,
STK500, AVR Dragon etc. [10].

e |t has 400 Example Projects [10].
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3.1.1.1 Working with AVR Studio at a Glance:

After installation the AVR Studio software, we open the software to create a new C project.
For creating a new C project, we need to select a file from the toolbar of the menu at the top
corner. A window named new project will appear with the options of saving the location of
our project with our desired file name. Hence, we will move on to select chip for our project.
Here, we used ATmega32A for our project.Now, the main job has started for writing the
code. Then, a new window comes with basic algorithm of our selected chip. The header of
the algorithm*“#include<avr32/io.h>" which provides with various input/output operations
like DDRx, PINX, PORTX, etc. The port name of DDRXx, PINX, PORTx refers to Port
Direction Register, Port Input Register and Port Output Register respectively. Within the
section of the while loop, we begin to write the required algorithm for displaying SOC (State
Of Charge), remaining travelling time and distance travelled with the remaining SOC. The

working process of AVR Studio 5.0 with required pictures have given stepwise in below-

' Start Page - AVR Studio

Eile Edit View VAssistX Project Debug Tools Window Help
PSSk s a9 - -CI-5 b Bl ST S
P RNE A 0o 5l S @B i b I 4w 3|9 SELE S Hex |Bl- i (%5 5| 0% J]i o NoDevice =

Start Page < ~ Solution Explorer

‘\ AVR Studio 5
The neww Ineegrated Development Erntroremeant from Atre

*-"__— e e G S T TS Get Started AVR Tools Help Latest News
i dew Project

[f_-;_\ New Example Project...

Welcome Tutorials Links and Resources

sen Project.. L e — Welcome to AVR
Studio S

c Get to know AVR
Recent Projects Studio.

|*] LCDDigitalClock J:‘:"t‘F':‘Studvc User
Guide

SEECH Getting Started
[¥] Close page after project load Programming Dislog
[¥] Show page on startup

& VA View g VA Outline [ESESTITEEEY ’

# Error List B Command Window

VA X: Ready

Figure 3.2: Starting page of AVR Studio 5.0
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Figure 3.3: New window for project information

Device Famity: | Al

ATmegalbM1 i6
ATmegalbU2 16
ATmegalbU4 i6
Tmega2580 256
ATmega2561 256

ATmega324A 32
ATmega324? 32
ATmega324PA 32
Tmega32s 32
ATmega3250 32
Tmega32S0A 32
Tmega32soPr 32
Tmega325A 32
ATmega32sP 32
ATmega328 32
ATmega328P 32
ATmega329 32

aw .

Name App./Boot Memory (Kbytes) Data Memory (bytes) EEPROM (byte Dewice Info:

| E5 32 2048 1024

1024 512 = Device Name: AIMEQ332
512 512 :
1280 512 \S,p“d' ? 755
o &1 .
65024 4096
65004 4096 Family: megaAVR
A Datasheets

2048 1024

2048 1024 E AVR Studic Supported Tools
2048 1024 |~ AVR Dragon
2048 1022 ® AVRISP mklj
2048 1024 =
2048 1024 T AVR ONE!
2048 1024 £ JTAGICES
2048 1024 B JTAGICE mil
. 1024 & AVR Simulator
2048 1024

2048 1024 < STKS0D

2048 1024 < ~ STKB0D

RPN s

AVR Studio Device Selection

Figure 3.4: Chip selection of AVR Studio
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* MyProject.c o K MyProject

* Created: 1/20/2012 3:51:02 PM
* Author: AVR Tutorials
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4l Dependencies
| Output Files
€] MyProject.c

m

#include <avr/io.h>

-int main(void)

while(1) —
{
//TODO:: Please write your application code
3
}
Woos - - ’ & VAView % VA Outline [ERESITIIYW

Output > X
Show output from: @ &SR

=] Output

Figure 3.5: AVR Studio New Project Start Screen

After writing the algorithm, we instruct the Solution Explorer to compile and check whether
there are any errors in the code. If the AVR C/C++ or Assembly program compiled and built
successfully, a message will display at the bottom of the AVR Studio 5.0 Editor indicating
that Build succeeded which leads us to move on further process to burn the algorithm into
the microcontroller (ATmega32A) using our next software Extreme Burner AVR otherwise it
shows error as a result in the output box which recommend us to check the algorithm again
and amend all the errors we have done while writing the code. In this case we will have to

recompile the algorithm to get the assurance to continue the remaining process.
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Author: AVR Tutorials
Website: www.AVR-Tutorials.com
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#include<avr/io.h>

—lint main()
i

DORE = @x8e; /fconfigure portB as input

DDRC = @xFF; ffconfigure portC as output

while(1)

PORTC = PINB;

1

return @;
} -
100% ~ | m | »

W VA View -E VA Out... I—“E Solutio...

Output X

Show output from: |Bui|d 'l | _ij | v'“_'j —:'b | = | =

Target "Build" in file “"C:%\Program Files‘Atmel“AWVR Studic 5.8\Vs\Avr.common.targets" from project "C:\5
Done building target "Build" in project "Example.avrgccproj™.
Dane building project "Example.avrgccproj™.

Build succeeded.
========== Build: 1 succeeded or up-to-date, & failed, @ skipped ==========

" m

ﬂ; Error List Bl Command Window JERM N
P

Build succeeded

Figure 3.6: Sample of Successful compilation an algorithm in AVR Studio 5.0 [12]

When the compilation is completed successfully, we go to the ‘Output Files’ folder in the
Solution Explorer window. There are many output files named .eep, .elf, .hex, .Iss, .map
which are machine readable file but we need to save only the .hex file for burning the
algorithm using the Extreme Burner software into the microcontroller.The content of the
generated hex file can be viewed by double clicking on the file with the.hex extension in the
Solution Explorer to the left of the AVR Studio 5.0. In addition to the output files, there is
one .c file where we created our algorithm in human language. Note to be pointed that the
complete code has been given in the appendix C section.
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A sample hex file that generated is displayed in the AVR Studio 5.0 Editor shown in the
figure 3.7 below-

# Example - AVR Studio "R T - e
File Edit View VAssisti Project Build Debug Iools Window Help

P S | %2R 9 - - E-E | P [Debug || % |
CER®RE Q Gy G A G Ei M 0 @@ T

Example.hex < @iyl

|: 1peRREARRC 94240000 9434000C04340RBC943400AA
: 186616808(9434008( 9434008 9434600094346898
1 186626808(9434608(9434008C0434606094346058
: 186636808(9434008( 9434000 0434606004346078
: 166646808C9434608(9434008C04346008C04346068 >
: 18@P508PAC943400911241 FEECFESDAEADEBFCDBF29 a4 | Output Files

: 186666800 E94366080944CABBC040BBBDFI3CFI358 Example.cep
: 18667660C0B7DEE787E390EAFCA1108284E300ER27 Example.elf
1 19EE30802FEFFCA12083585E390E026E330ERFI0LCT Example.hex
: BLEE98E02081FCR12083F 7CFFE94FFCFa3 Example.lss

: 1FF Example.map
€] Example.c

; Solution 'Example’ (1 project)
4 Example
=d| Dependencies

" VA View % VA Out... [ERIRSSITTM

Output
Show output from: |Bui|d 'l | _‘; | 1'551 33) | =< | =

rTar g=w FrUsLUuLLuWLvYCIIL SRLPETW uuc L TQL>T LUl LUy 1Y SLrUsLduL LV EIL ) Had r wa> cvagiuagLcu ao> LY
Target "Build" in file "C:%“Program Files‘Atmel‘AVR Studio 5.8\Vs‘\Avr.common.targets" from project “C:\S .
Done building target "Build" in project "Example.avrgccproj”.

Done building project "Example.avrgccproj™.

Build succeeded.
1 succeeded or up-to-date, @ failed, @ skipped

|
B ErrorList BE

Ready

Figure 3.7: A sample of generating hex file in AVR Studio 5.0 [12]
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3.1.2 Extreme Burner AVR (Burner Software)

Figure 3.8: Opening view of Extreme Burner AVR software

Extreme Burner is a low cost USB port that provides burning the hex file of the algorithm in
the microcontroller. There are some basic features like In Circuit Serial Programming (ICSP)
and High Voltage Programming supports by the Extreme Burner AVR for more than 45
devices [13]. Moreover, different kinds of clock sources for several applications are
supported by the Extreme Burner AVR which is completely graphical user interface (GUI)
AVR series of microcontroller. This software permits us to read and write a RC oscillator or a
perfect high speed crystal oscillator. Clock sources can be selected from the following
options:

-external clock

-calibrated Internal RC Oscillator

-external RC oscillator

-external low frequency crystal

-external crystal/ceramic resonator

There are versions of 1.4, 1.3, 1.3 beta, 1.2, 1.1, 1.0 [14]. Among these versions, we have

used version 1.2 to execute our project.
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3.1.2.1 Working Process of Extreme Burner AVR

In this section, we will discuss how to burn the code into the microcontroller by the help of
Extreme Burner AVR. We will have to make sure that during the installation of Extreme
Burner Software, USB AVR programmer must be connected with the USB port. If the USB
device is not recognizedis shown in the window we need to check whether the USB cable is
broken or not. If the command says "New Hardware Found",it means we have connected
the programmer to different port instead of using the port we have installed [15]. After the
installation process, we launch Extreme Burner AVR from desktop icon or start menu. The

software will open and the screen will be similar like the figure 3.9.

M eXtreme Burner - AVR [NO FILES LOADED]
File RecentFiles Read Write Erase Chp Settings Took Hebp

OBO 2 o 40000

Read Al Wrke Al ChipErase Chip Info FanPage! Donate
Fash | gEPROM Fuse BRs/Settings
00-01 02-03 04-0S 06-07 08-09 OA-0B OC-0D OF-OF e

000000 FFFF  FFFF  FFFF  FFFF  FFFF FFFF FFFF  FFFF
ooo010 FFFE  FFFF  FFFF FFFF  FFFF  FFFF FFFF  FFFF
000020 FFFF  FFFF  FFEF  FFFF  FFFE FFFF  FFFF  FFFF
000030 FFFF  FFFF  FFFF  FFFF  FFFF  FFFF  FFFF  FFFF
000040 FFFF  FFFF  FFFF  FFFF  FFFF  FFFF FFFF FFFF
o0000so FFFF  FFFF  FFFF  FFFF  FFFE  FFFF  FFEF  FFFF
000060 FFFF  FFFF  FFFF  FFFF  FFFF  FFFF FFFF  FFFF
000070 FFFF  FFFF  FFFF  FFFF  FFFF  FFFF FFFF  FFFF
oo0oso FFFF  FFFF  FFEF  FFFF  FFFE  FFFF  FFEF  FFFF
oo00g0 FFFF  FFFF  FFFF  FFFF  FFFF  FFFF FFFF  FFFF
0000Ap FFFF  FFFF  FFEF  FFFF  FFFF  FFFF FFFF  FFFF
ooooso FFFF  FFFF  FFFF  FFFF  FFFF  FFFF  FFFF  FFFF
ooooco FFFF  FFFF  FFFF FFFF  FFFF  FFFF FFFF  FFFF
000000 FFFF  FFFF  FFEF  FFFF  FFFF  FFFF  FFEF  FFFF
0000Eg FFFF  FFFF  FFFF  FFFF  FFFF  FFFF  FFFF  FFFF
ooooFo FFFF  FFFF  FFFF  FFFF  FFFF  FFFF  FFFF PP

ceee cecee cecee ceee ceee ccee cecee ceee

Figure 3.9: Starting page of Extreme Burner AVR

Before burning the algorithm, we connect the microcontroller (ATmega32A) with the AVR
Programmer according to the pin configuration which will be discussed in section 3.2. At

first, we open the hex file in the Extreme Burner AVR. Additionally, we select the chip (the
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microcontroller, ATmega32A). Then we select "Write All** icon to burn the program in the
microcontroller that has been simulated using the previous software (AVR Studio 5.0). While
burning the code, Red LED will glow which indicates BUSY State and the following

messages will appear if everything is connected properly.

1 eXtreme Burner - AVR C;\yinash\My Projects\AVR\xBoard\Demoidefault

LFiles Read Write Erase Chip Settings Heb

——T n

@ 12:38:54PM  Found USBasp on USB Port
J) 12:38:54PM  Powering On ...

& 12:38:55PM  Power On Success ~
J) 12:38:55PM  Auto Detecting AVR Chip ... S
@ 12:38:55PM  Found: ATmega32
J) 12:38:55PM  Erasing Chp ...

D 12:38:55PM  Chip Erased Successfuly

it

J) 12:38:55PM  Writing Flash Memory... h
-
1}5_] il 5 B ‘
Writing Flash Memory
Progress Time Elapsed: 00 MIN 02 SEC
i ‘ 05 %
| www eXiremeElectronics o in ... S i

Figure 3.10: Extreme Burner AVR-Burning Process
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Jd) 12:36:01PM  Writing Flash Memory...

& 12:36:06PM  Flash Memory Written Successfully

J) 12:36:06PM  Verifying Flash Memory ..

& 12:36:24PM  Flash Memory Verification Success

Jd) 12:36:24PM  Powering Off ...

D 12:36:24PM  Power Turned Off

@ 12:36:24PM  ALL TASKS COMPLETED SUCCESSFULY

J) 12:36:24PM  Thankyou

53|

s , (2]

Idle
Progress Time Elapsed: 00 MIN 23 SEC

(R -

www eX| coin [ Close ], LA

Figure 3.11: Extreme Burner AVR-Task Complete

However, we have faced a problem at the time of burning the algorithm in the
microcontroller. The problem that has occurred sometimes is the miscommunication between
microcontroller and AVR programmer. If the chip is programmed properly, the command
"ALL TASKS COMPLETED SUCCESSFULLY" appears in the window named progress

as shown in the above figure 3.11. Now we will disconnect the programmer kit from the PC.

In this section 3.1, we discussed how these two softwares are dependent on each other to
display our desired result in LCD display. As we mentioned before, AVR Studio 5.0 is
mainly for writing and compiling the algorithm whereas Extreme Burner software is for
burning those whole algorithm into the AVR microcontroller. Thus in section 3.2, we will
discuss briefly about the hardware components those we used to accomplish the desired tasks

for our project purpose.
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3.2 Overview of our hardware components

Hardware components are considered as the structured combination of physical components
which make up a system. These hardware components drawn interdependent relationship
with software components which means these two types of components are built in such a
way that one is controlled by another. For our project work, we used various types of
hardware components which will be described in this section. In our project, we are
displaying SOC (State Of Charge), travelling time and coverable distance with in LCD
display using microcontroller (MCU). As microcontroller controls the overall system, we
need to be more conscious about the input voltage in the microcontroller which should not be

more than 5V, otherwise microcontroller will be burnt.
The list of hardware components we used for our project purpose is given below-

1. USBASP AVR Programmer (USBASP tiny programmer USB to ISP 10 Pin with case
silver)

Microcontroller (ATmega32A)

LCD display (YJ204A LCD text display blue 20X4 line)

Potentiometer (10k€2)

Resistors

o gk~ w N

Wire connections (Crocodile wires, Bread board, Multi-meter, Clamp-meter, Trainer-

board, Jumper wire etc.)
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3.2.1 USBASP AVR Programmer (Burning code into MCU)

USBASP is a Universal Serial Bus (USB) in-circuit programmer for Atmel AVR controllers
which simply consists of an ATMega8 and a couple of passive components. As no special
USB controller is needed so the programmer uses a firmwaredriver that makes this
programmer attractive to many amateurs. USBASP is officially included and supported by
WInAVR. Therefore, USBASPs are one of the least expensive options to programming
AVRs as we are developing an electrical device for the electric vehicle which is used by the

people of lower economic state.

It has got some very important features that are mentioned below:

1. Designed to read or write the microcontroller EEPROM, firmware, fuse bits and lock bits.

2. Supported by Windows, Mac OS X and Linux.

3. Speed of programmingis up to 5kBytes/sec.

4. To support targets with low clock speed(< 1.5MHz), it has software controlled SCK
(Serial Clock) option.

5. Consists of 10 pin ISP (In-System Programming) interface with case silver [16].

Figure 3.12: USBASP AVR Programmer (V2.0)
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3.2.1.1 Supported Microcontrollers for USBASP Programmer:

From the list of microcontroller, we are using ATmega32A to control the whole display
system according to the algorithm for our project purpose.

Supported Microcontrollers

Mega Series

ATmega8 ATmega8A ATmega48 ATmegad8A ATmegad8P
ATmegad8PA ATmega8s ATmega88A ATmega88P ATmega88PA
ATmegal68 ATmegal6b8A ATmegalBG8P ATmegal6o8PA |ATmega328
ATmega328P ATmegal03 ATmegal2s ATmegal2&P ATmegal280
ATmegal281 ATmegal6 ATmegal6A ATmegal6bl ATmegal62
ATmegal63 ATmegal6d ATmegal64A ATmegal6dP ATmegal64PA
ATmegal69 ATmegal69A ATmegalBGoP ATmegal69PA |ATmega2560
ATmega2561 ATmega32 ATmega32A ATmega324 ATmega324A
ATmega324P ATmega324PA ATmega329 ATmega329A ATmega329P
ATmega329PA ATmega3290 ATmega3290A ATmega3290P ATmegab4d
ATmega64A ATmega640 ATmegab44 ATmegab44A ATmegab44P
ATmega644PA ATmega649 ATmega649A ATmegab49P ATmegab490
ATmegab490A ATmegab490P ATmega8515 ATmega8535

Tiny Series

ATtiny12 ATtiny13 ATtiny13A ATtinyl5 ATtiny25
ATtiny26 ATtiny45 ATtiny85 ATtiny2313 ATtiny2313A
Classic Series

AT90S1200 ATA0S2313 AT9052333 AT90S52343 AT9054414
ATO054433 AT9054434 AT9058515

AT9058535

Can Series

ATI90CAN128

PWN Series

AT90PWM2 AT90PWM3

Figure 3.13: List of supported microcontrollers for USBASP [17]
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3.2.1.2 USBASP Device Outline

In USBASP device, there are several components like USB Type A, JP1-Supply Target,
JP2-Self Program, JP3-Slow SCK, LEDs (Light Emitting Diode), ISP 10 Pin IDC
(Insulation Displacement Connector). Introducing the silver case part which is the USB
end of the programmer; it directly connects with the PCs USB port to write the whole
algorithm in the microcontroller. Another part of this device is JP1-Supply Target which
regulates the voltage of ISP VCC connector. If our desired particular device has its own
power source then we exclude use of the jumper. Whenever no power source is there, we
can enable multi-voltage programmer that will set voltage to +3.3V/+5V. The jumper
JP2-Self Program is used to update the firmware of USBASP Programmer. Afterwards,
JP3 jumper stands for slow SCK mode, this mode is enabled when JP3 is selected and set
the clock again if it is lower than 1.5MHz. In this case, 8 KHz to about 375 KHz is the
range for SCK. The outline of the USBASP Programmer is shown in Figure 3.14.

ISP -10 Pin IDC
USE YPeA b3 _ siow SCK
LEDs
TR * SBASP V2.0 .
M P Loseft Sudio ) o

= )
: S

-

JP2 - Self Program JP1 - Supply Target

Figure 3.14: USBASP device outline (V2.0) [17]
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Figure 3.15: USBASP LEDs (V2.0) [17]

Two LEDs are also used in this device to represent some particular operation, where LED
R refers to programmer which is communicating with target device and LED G is for
power. When USBASP gets connected with PCs USB port then it is ready to write the
algorithm from the Extreme Burner Software, LEDs glows and make a 'ding' sound if

every connection is given properly with the microcontroller.
3.2.1.3 In System Programming (ISP)-10 Pin IDC

For interfacing with the microcontroller, 10 pin ISP connections are MOSI, VCC+5V,
Ground, TXD, Reset, RXD, SCK and MISO. Ground pins are 3, 8, 10 and they are
internally shorted, so we only need to connect one ground with the microcontroller as
they operate with the same reference voltage. In addition, three pins constitute the SPI
(Serial Peripheral Interface) which are SCK, MISO (Master In-Slave Out) and MOSI
(Master Out-Slave In). In system programmer (USBASP AVR Programmer) always lead
as the Master and the target device (microcontroller) lead as the Slave when programming
with the AVR. In order to control any system, master and slave device need efficient
communication amongst each other. The master device can write data to the slave
device's flash memory and can receive data from the slave's memory through MOSI and
MISO pins. The master device can communicate on the SCK, MISO and MOSI lines
when the Reset pin is set low. TXD and RXD are also stands for transmitter and receiver
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respectfully to communicate with the microcontroller. The pin configuration of USBASP

AVR Programmer is given in figure 3.16.

USBASP AVR

Programmer

THIIT

Y1150

St
&
=
(&)
O
S
o

64

Figure 3.16: USBASP 10 Pin Configuration [17]

These ISP 10 pins are connected through IDC cable, male to male jumper wire and then

connected with the breadboard according to the pin configuration of the microcontroller;

connection diagram has given in chapter 2.
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Communication details and the function of each pins between USBASP AVR

Programmer and Microcontroller are mentioned below in Table 3.1 [18].

Pin

Comment

MOSI
(Master Out-Slave In)

Communication line from USBASP In-System Programmer
(Master) to desired AVR Microcontroller (Slave). This allows

master device to send data to the slave device.

MISO
(Master In-Slave Out)

Communication line from desired AVR Microcontroller (Slave)
to USBASP In-System Programmer (Master). This allows the

slave device to send information to master device.

SCK
(Serial Clock)

Programming clock which is generated by the USBASP In-
System Programmer (Master). For synchronized

communication, this clock is shared between the master and

slave device.
GND AVR Microcontroller and USBASP must be connected with the
(Common Ground) | common ground for operation.

VCC USBASP and AVR Microcontroller can operate with the
(Target Power) highest value of voltage which is not more than 5V.

Reset USBASP Programmer can control the target Microcontroller

(Target AVR reset.

Microcontroller This reset pin must be put in active low for the AVR

Reset) microcontroller being programmed.

Table 3.1: Characteristics of USBASP ISP 10 Pin
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3.2.2 LCD Display (20X4)

A 20X4 Liquid Crystal Display (LCD) has 4 lines and 20 characters with white characters on
a vivid blue background and backlight. Based on the status of Register Select (RS) pin, LCD
module can recognize two types of signals, one is data and another is control. LCD display
takes 39-43uS time to execute a command or place any character. In addition, there are two
types of RAMs such as DDRAM and CGRAM for LCD display where DDRAM refers to in
which position which character in the ASCII chart would be displayed whereas CGRAM
allows user to define their custom characters. LCD controller read the information from
DDRAM and displays it on the LCD screen [19].

Figure 3.17: LCD Display (20X4)

LCD display has got some very important features that are mentioned below:

1. Wide viewing angle and high contrast is available.

2. Don't need any separate power supply for backlight.

3. Built in LCD controller equivalent to industry standard HD44780.
4. DC operating voltage is 5V.

5. Supported 4 or 8-bit parallel interface.
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3.2.2.1 Pin configuration of LCD Display

The figure 3.18 is given below showing 16 pins in the LCD display which can be connected
with the microcontroller using external circuits. Data is transferred from the microcontroller
to the LCD display through these bidirectional data bus pin DB0-DB7 and display
information corresponds to the algorithm. LCD contrast adjustment is possible by using
potentiometer in Vo and LCD controlling pins are RS, R/W, E refers to register select,
read/write signal and enable respectively. RS is used to make the selection between data and
instruction register. When Rs=0 (Instruction register), RS=1 (Data register). Furthermore,
R/W gives the choice between read and write operation; when R/W=1 (Read), R/W=0
(Write). Moreover, Enable pin is used by the LCD to latch information presented to its bi-
directional data pins. When data is supplied to 8-bit data pins, a high to low pulse must be

applied to this pin in order for the LCD to latch the data present at the data pins.

1 23 4 5 7 8 9

I I 1 | = | ol L (l ,.'., I5 J\ L ’l 5 A LED+ & LED-

2 § 2 ¥ & wd B8 382333 3 3 3 3« Areusedto

- ¢ L ! switch on and
L ‘L L{?d Daﬁns d off Led back
Gnd ¥V | controlling T an light
Pins ﬁ
Set Led To Turn on the back light
Contrast here apply 5v at LED+ and make
LED- Ground.

Figure 3.18: 16-pin configuration of LCD display [19]
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3.2.3 Microcontroller (ATmega32A)

ATmega32A is a low power CMOS 8-bit high performance microcontroller of Atmel's mega
series of AVR family and it is based on enhanced RISC (Reduced Instruction Set Computing)
architecture with 131 powerful instructions. The AVR core combines 32 general purpose
working registers with these powerful instruction set where general purpose registers directly
connected to the Arithmetic Logic Unit (ALU). One machine cycle is needed to execute most
of the instructions [20]. Nowadays, microcontroller production raised up to billions per year
and the controllers are integrated to use it in many sectors such as household appliances
(microwave, washing machine, coffee maker,....), telecommunication (mobile phones),
automotive industry (fuel injection, ABC,....), aerospace industry, industrial automation and
so on [21].

Figure 3.19: Microcontroller (ATmega32A)

The ATmega32A has got following basic features [20] that are mentioned below:

1. Operating voltage is 2.7-5.5V.
2. Maximum frequency of 16MHz.
3. Programmable flash memory of 32 KB, static RAM of 2 KB and EEPROM of 1 KB.

4. Power Consumption at 1MHz, 3V, 25°C and active in 0.6mA.
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5. Capable of handling analog inputs because of the availability of on-chip analog

comparator.
6. Up to 16 MIPS throughput at 16 MHz.
7. Two cycle on-chip multiplication and 32 x 8 general purpose working registers.

8. ATmega32 has three data transfer modules which are two wire interface, USART, serial

peripheral interface embedded in it.
9. JTAG boundary scan facilitates on chip debug.
10. RC oscillator is internally calibrated and 32-bit programmable 1/O lines.

11. There are six sleep modes such as idle, ADC noise reduction, power-save, power-down,

standby, and extended standby.

3.2.3.1 Pin Configuration of ATmega32A

XCK/TO/PBO
TI/PBI
INTZ/AINO/PB2
OCO/ATN /PR3
S5/PB4
MOSI/PBS

MISO/PB6

PAO/ADCO

PAT/ATC]
PAZ/ADCZ
PA3Z/ADCS3
PA4/ATICH
PAS/ADCS

PAG/AIDCE

SCK/PB7 PAT/ADC7T
Reset Atme9332 AREF
Voo GND
GNID AVCC
XTALZ PCT/TOSC2
XTAL1 BCHTOSC
RXD/PDO PCSSTDI
TXD/PD PC4/TDO
INTO/PDZ PC3/TMS
INTI1/PD3 PC2/TCK
OCIB/PD4 PCI1/SDA
OC1IA/PDS PCO/SCL
PD7/0OC2

ICPL/PD6

Figure 3.20: 40-Pinout of ATmega32A [22]
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The figure 3.20 shows all the pin configurations of the microcontroller along with the
functions of each pin where PORTA (PA7:PA0) serves the analog inputs to the A/D
Converter. It can be also used as an 8-bit bi-directional 1/0 port, if A/D Converter is not used.
In addition, there are also PORTB (PB7:PB0), PORTC (PC7:PC0), PORTD (PD7:PDO0)
which are also 8-bit bi-directional 1/0 port with internal pull-up resistors. XTAL1 pin refers
the input to the inverting oscillation amplifier and input to the internal clock operating circuit
whereas XTAL2 is the output from the inverting oscillation amplifier. The pin number 30,
AVCC is the supply voltage for PORTA and A/D Converter. If the ADC is used, it should be
connected to VCC through a low pass filter otherwise it should be externally connected to
VCC. AREF is the analog reference pin for the A/D Converter.

Since ATmega32A microcontroller cannot take as input more than 5V, if we want to apply
full charge of battery voltage which is 50.92V; we need to step down the voltage within the
range 0-5V, otherwise microcontroller will be burnt. Hence, we can step down the voltage by
using same range of 11 resistors of any value in series connection instead of transformer.
Thus applying 50.92V in across to all registers and getting 5V from the last one register
which will be fed into the PORTA ADC pin. Microcontroller converts the analog input to a

digital one for executing any instruction will be discussed briefly in chapter 7.
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3.2.4 Potentiometer

A potentiometer (POT) is an adjustable resistance within its range which can be changed
when turn the shaft or wiper of the pot. Connect VCC to an outermost pin, Ground (GND) to
the other, and the center pin will have a voltage depending on the rotation of pot that varies
voltage from 0 to VCC [23]. In our project, we need to adjust the brightness of the LCD, so
connect the LCD pin Vo to the center of the pot. Moreover, if we want to get fixed resistance
then set the both outermost pin to the VCC and GND, hence there will be no connection in

the center.

No resistance change when wiper moves!

(@ ®

Figure 3.21: (a) 10K Potentiometer, (b) Potentiometer working as a fixed resistance

In this chapter, we discussed about how to burn algorithm in the microcontroller with all
required external components. Shortly, all these hardware components needs to be connected
in the breadboard according to their pin configuration. Thus, USBASP AVR Programmer is a
device which is connected with the PCs USB port to burn the code into the microcontroller
using Extreme Burner software; hence we can see our desired output such as SOC, remaining

travelling time and coverable distance in the LCD display for our project purpose.
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Chapter 4

Measuring field test data for developing the
algorithm

4.1 Measuring motor current correspond to battery voltage

The cargo hauler (C5) was tested during discharging process, battery and current readings
were taken by capturing the video during the entire field test period. Initially the battery was
fully charged, 53V and the total running time of C5 was 74 minutes and 40 seconds with full
load condition which was 466kg in any driving style and road condition. Battery voltage
readings were measured using multimeter and clamp meter was used to measure current
drawn by motor. After 20s interval, data was retrieved from the video. The retrieved data of
field test for developing the algorithm which shows motor current correspond to battery
voltage is given in appendix A.

4.2 Grouping data correspond to a constant range of motor

current

From the field test data provided in appendix A, we grouped the motor current and battery
voltage readings for a constant range of current. The varying motor current at different time
intervals is divided in different motor current range for developing the algorithm based on the
obtained characteristic equations from the graph plotted using MATLAB software. The field
test data are grouped for different range of motor current is given in table 4.1, table 4.2, table
4.3, table 4.4, table 4.5, and table 4.6.

For 0-10A current:

Time (s) Motor Current (A) Battery Voltage (V)
160 0.2 51.3
280 0.1 51.9
300 0.1 52.0
320 0.3 52.0
500 0.5 51.2
620 0.5 50.6
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640 1.7 50.0
800 2.3 50.4
900 5.5 50.6
920 11 51.5
1100 1.3 50.6
1160 8.6 50.1
1180 1.3 51.1
1200 1.3 50.8
1220 1.3 51.0
1240 1.3 50.7
1260 1.2 51.0
1340 2.1 50.2
1400 3.2 50.4
1420 1.5 50.7
1560 1.8 50.6
1580 1.8 51.0
1600 1.9 514
1640 6.8 49.5
1780 1.9 50.1
1820 1.5 50.0
1840 1.7 49.9
1880 3.5 50.2
1960 2.2 49.9
2020 2.6 49.8
2040 2.2 49.6
2140 2.0 50.0
2160 2.0 50.2
2240 2.0 49.6
2260 2.6 49.6
2300 2.0 49.6
2420 1.9 49.3
2440 0.1 49.8
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2460 0.2 49.8
2640 3.7 48.9
2700 5.2 48.5
2740 0.3 49.0
2760 2.8 48.7
2800 0.3 48.8
2960 0.1 48.6
3000 0.1 48.4
3020 6.1 46.5
3220 0.4 47.8
3320 0.1 47.5
3520 0.2 47.5
3560 5.5 47.1
3760 0.4 47.3
3780 0.4 47 .4
3800 0.3 47.5
3840 5.0 47.5
3880 2.5 48.2
3940 2.5 47.5
3980 2.4 47.6
4000 2.3 47.9
4020 2.4 47.9
4220 2.4 46.6
4240 1.9 47.2
4380 1.8 44.5
4480 1.4 44.8

Table 4.1: Field test data of cargo hauler for 0-10A motor current




For 10-20A current:
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Time (s) Motor Current (A) Battery Voltage (V)
580 15.9 49.6
860 14.1 475
3160 16.6 46.7
3440 19.1 45.5
4420 13.6 43.0

Table 4.2: Field test data of cargo hauler for 10-20A motor current

For 20-30A current:

Time (s) Motor Current (A) Battery Voltage (V)
380 24.9 48.3
520 21.0 47.2

1140 29.8 47.8
1440 26.3 48.1
1460 215 48.0
1860 22.3 48.9
2080 29.2 46.4
2180 26.5 46.8
2200 20.8 47.7
2220 29.9 46.5
2360 235 47.3
3080 24.8 47.6
3260 26.2 44.1
3500 21.3 45.9
3760 26.0 43.5
3860 20.1 47.0
3960 27.8 45.9
4140 28.0 43.6
4160 21.7 43.6
4180 27.5 43.5
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4200 27.4 43.3
4260 225 444
4280 294 43.3

Table 4.3: Field test data of cargo hauler for 20-30A motor current

For 30-40A current:

Time (s) Motor Current (A) Battery Voltage (V)
40 38.2 47.6
60 38.3 47.4
80 38.6 47.2

100 34.5 47.6
120 32.1 48.2
180 35.0 45.9
360 37.3 47.5
440 35.2 47.5
480 37.7 46.7
540 33.3 411
560 36.7 46.8
760 35.0 48.7
940 39.8 47.4
1360 39.3 46.3
1380 36.0 46.7
1760 36.5 46.1
2920 39.6 43.8
3580 33.6 434
3620 30.8 43.8
4080 35.8 43.0
4120 36.8 42.6
4360 37.9 39.4
4400 31.7 40.0
4440 36.4 39.3

Table 4.4: Field test data of cargo hauler for 30-40A motor current




For 40-50A current:
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Time (s) Motor Current (A) Battery Voltage (V)

20 415 47.3
340 43.8 47.1
660 415 47.1
780 43.2 46.7
840 47.8 45.6
880 43.4 46.6
1280 414 46.5
1300 40.2 46.4
1320 40.2 46.7
1620 42.3 46.0
1800 47.0 45.2
2400 45.4 43.9
2480 41.7 46.5
2620 40.2 44.5
2840 43.3 44.0
3120 47.0 42.9
3360 46.8 42.1
3920 444 45.4
4340 42.8 38.9

Table 4.5: Field test data of cargo hauler for 40-50A motor current

For 50-60A current:

Time (s) Motor Current (A) Battery Voltage (V)
140 54.4 46.7
200 53.9 45.8
220 53.6 45.4
240 50.9 46.1
260 53.9 45.5
400 4.1 45.5
420 53.8 45.7
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460 53.4 45.6
600 53.4 45.2
680 54.3 45.4
700 52.0 45.4
720 54.7 45.2
740 53.3 45.2
820 54.5 45.4
960 55.0 453
980 54.3 44.5
1000 54.8 45.2
1020 54.6 451
1040 53.4 45.5
1060 54.3 45.0
1080 54.2 45.0
1120 53.8 45.2
1480 55.3 44.8
1500 54.2 44.5
1520 51.6 453
1540 55.1 44.8
1660 54.3 44.6
1680 51.0 44 4
1700 55.4 44.5
1720 55.3 441
1740 554 44.2
1900 56.7 44.2
1920 55.0 44.5
1940 56.6 44.0
1980 50.3 44.7
2000 56.6 44.2
2060 55.0 44.0
2100 50.3 44.8
2120 55.5 43.6
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2280 54.6 43.7
2320 554 43.4
2380 535 43.6
2500 52.0 46.6
2520 54.7 43.7
2540 54.9 43.3
2560 53.8 43.3
2580 54.1 43.2
2600 535 43.6
2660 54.3 43.2
2680 53.9 43.1
2720 54.1 43.0
2780 54.4 43.1
2820 54.0 42.9
2860 54.1 42.7
2880 53.5 42.4
2900 52.8 43.5
2940 53.8 42.2
2980 53.7 42.7
3040 545 42.7
3060 54.2 42.1
3100 54.4 42.0
3140 545 42.2
3180 53.9 41.7
3200 53.8 41.9
3240 53.0 41.8
3280 54.2 41.6
3300 53.0 41.7
3340 54.2 41.6
3380 535 41.2
3400 53.3 41.2
3420 53.4 40.6
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3460 50.4 41.5
3480 53.6 40.8
3540 554 41.9
3600 55.0 40.7
3640 50.5 41.0
3660 54.1 40.4
3680 55.0 40.6
3700 54.6 40.3
3720 545 39.9
3820 58.1 42.9
3900 57.7 42.1
4060 56.5 40.6
4100 50.7 41.1
4300 56.2 39.6
4320 50.3 38.0

Table 4.6: Field test data of cargo hauler for 50-60A motor current

4.3 Field test curves and equations of grouping data

Based on the real-world data mentioned above in table 4.1, table 4.2, table 4.3, table 4.4, table
4.5 and table 4.6, the basic algorithm is written in MATLAB to plot the curves of the battery

voltage at different time for the constant range of motor current. After simulating the

algorithm, the graph will be plotted with the data for different range of motor current. From

the tools icon, we select the basic fitting option to get the characteristic equation. A new

window has come after selecting the basic fitting option; now we need to select the graph

shape (linear) and "Show equations™ options as well as significant digit number based on our

requirement. Then close the basic fitting window to get our desired graphs with characteristic

equationwhich are given in figure 4.1, figure 4.2, figure 4.3, figure 4.4, figure 4.5 and figure

4.6 accordingly. The algorithm is also provided for different range of motor current in

appendix B.
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For 0-10A current:

After plotting the data for 0-10A current, we get the blue line and take the best fit red line
which is linear and the best fit line is occurred when we get the characteristic equation. The
general linear equation formula is y=m*x+c where m=slope and c=constant. As we also get
the linear characteristics for 0-10A current and the linear equation obtained is y=-
0.0012824*x + 52.23; where x= Time, y= Battery Voltage, m=-0.0012824 and c= 52.23.

Battery voltage VS Time for 0-10A motor current
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Figure 4.1: Battery voltage at different time for 0-10A motor current

For 10-20A current:

The linear equation obtained for 10-20A current is y= -0.0013228*x + 49.776; where x=
Time, y= Battery Voltage, m=-0.0013228 and c= 49.776.

Battery voltage WS Time for 10-20A motor current
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Figure 4.2: Battery voltage at different time for 10-20A motor current
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For 20-30A current:

The linear equation obtained for 20-30A current is y=-0.0012236*x + 49.461; where x=
Time, y= Battery Voltage, m=-0.0012236 and c= 49.461.

Battery voltage V'S Time for 20-30A motor current
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Figure 4.3: Battery voltage at different time for 20-30A motor current

For 30-40A current:

The linear equation obtained for 30-40A current is y= -0.0014394*x + 47.606; where x=
Time, y= Battery VVoltage, m=-0.0014394 and c= 47.606.

Battery voltage VS Time for 30-404 motor current
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Figure 4.4: Battery voltage at different time for 30-40A motor current
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For 40-50A current:

The linear equation obtained for 40-50A current is y= -0.001415*x + 47.907; where x= Time,
y= Battery Voltage, m=-0.001415 and c= 47.907.

Battery voltage VS Time for 40-50A motor current
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Figure 4.5: Battery voltage at different time for 40-50A motor current

For 50-60A current:

The linear equation obtained for 50-60A current is y= -0.0014653*x + 46.706; where x=
Time, y= Battery Voltage, m=-0.0014653 and c= 46.706.

Battery voltage V'S Time for 50-60A motor current
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Figure 4.6: Battery voltage at different time for 50-60A motor current

For developing the desired algorithm for our project purpose, all these obtained equations are
needed to find the available travelling time means how much time the electric vehicle can
travel with the current battery voltage remaining.
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Chapter 5
Data Acquisition Card

5.1 Introduction

Advantech USB-4716 has been popular for its user friendly behavior is also known as DATA
ACQUISITION CARDor DAQ card. Mainly DAQ card converts the analog input into a
digital value which can also be controlled by a computer with its required driver software. It
can also be used to obtain analogue output signal after providing digital input value. As it is
an alternative of traditional serial and parallel device, it does not need any external power
source; only USB power is enough to communicate with the system. Advantech USB data
acquisition module fits consistently into every industrial application because of its reliability,
accuracy, multiple mounting options, plug and play system, screw-in fuses of the cable, and
developed monitoring functions. The given figure 5.1 shows the Advantech USB-4716 which

is a portable data acquisition module.

Figure 5.1: Advantech USB-4716

Advantech USB-4716 has some important features [24] related to its measurement and

control functions as mentioned below-
1. USB-4716 has 16 analog input channels and 2 analog output channels.

2. 16-bit resolution of Analog to digital converter (A/D converter) where sampling rate is up
to 200 KS/s.

3. It has 8 digital input channels.
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4. It has 8 digital output channels.

5. It has programmable 16-bit counter/timer x 1 and programmable gain is required for each

analog input channel.

6. Support USB 2.0.

7. LED indicators indicate about the device status.

8. FIFO buffer of 1K samples for Analog input channels.

9. It has auto calibration function and automatic channel/gain scanner.
10. Hot swappable.

11. One lockable USB cable is included for secure the connection.

12. Bus powered and portable.

13. There are detachable screw terminal on modules.
5.2 Pin configuration of DAQ card

The figure 5.2 gives the pin assignment for Advantech USB-4716 where the pin number AlO-
Al15 is used for 16 analog input channels, AO0-AQO1 is assigned for analog output channels,
DI10-DI7 are used for 8 digital inputs and DO0-DO?7 is dedicated for 8 digital output channels.
For the use of analog input/output channels, we need to connect AGND port of the DAQ card
for connecting analog input/output ground. In addition, the pin DGND has to be used for the
digital ground which is for digital input/output channels. One EXT_TRG pin is also there
which is for A/D external trigger. This pin is the external trigger signal input for A/D
conversion, where A/D conversion starts when the signal goes from low to high edge
triggered. GATE pin is for A/D external trigger gate; the EXT_TRG will be disabled if gate
is connected with 5V. Furthermore, EVT _IN and P_OUT are for external events input
channel and pulse output channel respectively. For interfacing between analog and digital
system, we have to use separate ground DGND and AGND; otherwise DAQ card can be

damaged.
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Figure 5.2: Pin assignment for Advantech USB-4716 [1]

5.3 Working principle of DAQ card

Three internal components are present in the DAQ card which mainly converts the real world
analog input into a digital numeric value that can be shown in the computer. That internal
elements of the DAQ card are transducer or sensor, signal conditioning and A/D converter.
Firstly, the transducer or sensor sense and translate the variables of real world analog data
into an electrical signal for an analog system and vice versa for digital system which signal it
is translated. Then the signal conditioning makes a signal to be prepared to be converted into
a numeric digital value. Mainly the signal conditioning block received the signal from the
sensor and do amplification of the signal, filtering, multiplexing and isolation procedure
based on the necessity of the DAQ card. Finally, A/D converter works like a built-in function

in the DAQ card which is a combination on some control and logic registers as well as
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comparator that converts the analog input to a digital value [25]. The figure 5.3 shows how

data acquisition card gives a result in digital value with a computer monitoring system.

Analog input

Sensor or
Transducer

Signal

DAQ Card
conditioning

¥

‘ /D converter

‘ Computer

Figure 5.3: Internal working process of DAQ card

It should be mentioned that the DAQ card can only take readings up to 15V. If we need to
apply more than 15V, a voltage divider circuit must be designed separately in order to step
down the voltage before passing the voltage as input to the input port of the DAQ card.

5.4 DAQ device driver installation

DAQ device driver software must be installed in the PC to work with the DAQ card. Before
the installation of USB-4716 module into the PC, we need to install first the device driver
software. There are three setup files for the device driver software which are PCI1711L.exe,
PC1_1747U_All_Examples_32bit.exe and USB4716.exe; all these setup files are required for
32-bit Windows 7. After the installation of the software, we need to install Advantech Device
Manager_32bit.exe setup file to see our desired result in the PC. For this, we have to connect
the DAQ card with the PC and then click on the TEST button from the Advantech Device
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Manager. Hence, a different window will come up to show our desired output voltage of the

current sensor.
5.5 The application of the DAQ card

The role of DAQ card in the project is to show output voltage of the current sensor up to at
least 7 decimal places with precision and accuracy.DAQ card is connected with the current
sensor whereone of the analog ports AIO is connected with current sensor VOUT pin.Thus,
the ground (GND) of the current sensor is also connected with the analog ground (AGND) of
the DAQ card. The figure 5.4 gives the connection diagram of DAQ card with the current

Sensor.

VOUT ATD

Current ) ion DAQ
Sensor Card

USE Port

PC

Figure 5.4: Connection diagram of DAQ card with the current sensor
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Chapter 6

Working principle and application of
current sensor to measure voltage from
Input current

6.1 Current sensor (ACS758)

This group of ACS758 current sensor ICs supports for AC or DC current (0 to 100A) which
convert the dc input current readings into a corresponding output voltage. This device
comprises of low offset linear hall circuit with a copper conduction path where the applied
input current will flow through this copper conduction path and creates a magnetic field
which changes over the magnitude of the current and resulting a corresponding voltage. At
high over current condition, this thickness of the copper conduction allows the protection of
the device. There are numerous utilizations of ACS758 current sensor such as motor control,
DC to DC converter control, load discovery and management, power supply, inverter control,

and overcurrent fault detection [26].

Figure 6.1: Current Sensor (ACS758)

In general current sensors have some important features [26] that are mentioned below-

1. High reliability assures Monolithic Hall IC and AEC Q-100 qualified.
2. 100 pQ internal conductor resistance is for ultra-low power loss.
3. Galvanic isolation permits use in economical, high-side current detecting in high voltage

frameworks.
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Single supply operation voltage range is from 3.0 to 5.5V.

Stable output offset voltage and bandwidth is 120 KHz.

Magnetic hysteresis is close to zero.

Integrated shield significantly diminishes capacitive coupling from current conductor to
pass on because of high dV/dt signals which prevents offset drift in high-side and high
voltage applications.

3 Us output rise time corresponds to step input current.

Package size is small with simple mounting ability.

There are 8 models of ACS758 such as X050B, X050U, X100B, X100U, X150B, X150U,
X200B and X200U. We have used ACS758 (X100B) model of current sensor in out project.

The features of this model is given below-

1.
2.
3.

Input current range is -100 to 100A and nonlinearity is from -1.25 to +1.25%.

Typical noise scale is 6mV and output offset voltage is 2V.

Sensitivity is 10mV/A [26]. The change in voltage is 10mV for every 1A increase in
current, and this change can only be measured using high precision digital
multimeter/DAQ card.

6.1.1 Pin configuration of ACS758

There are 5 pins in ACS758 which are VCC, GND, VOUT, IP+ and IP-, where VCC refers to

device power supply terminal, GND is signal ground terminal, VOUT is analog output signal

and IP+, IP- is terminal for input current being sampled. Terminal 4 and 5 are used to take

input current and converted voltage will get from terminal 3.

| 4 |3 vourt

ACST758 GND

P-| 5 |
1| vcce

[>]

Figure 6.2: Pin configuration of current sensor, ACS758 [26]
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6.1.2 Working principle of current sensor

Magnetic sensors are composed with an extensive variety of positive and negative magnetic
fields whose output signal is a function of magnetic field density around it known as Hall
Effect Sensor. The sensor detects a magnetic flux density if it surpasses a pre-set threshold
voltage and gives an output voltage named Hall Voltage, Vu[27]. The input DC current is
passes through a shunt which is extremely low resistance like a couple of milliohms. When
the shunt is placed to get a current path, it creates a little insertion loss. A magnetic path is
completed when ferrite core wrapped around the shunt path. Based on the strength of the
magnetic field by the current flowing through the shunt, the current sensor produces a output
voltage within 5V which can be connected with an A/D converter, microprocessor, or
microcontroller [28]. For our project purpose, we gave the current sensor output voltage in a
microcontroller. The Hall Effect is the generation of a voltage difference (the Hall voltage)
over an electrical conductor where transverse an electric current which creates a magnetic

field perpendicular to the current; this is the working principle of current sensor.

. Ferrite core

. Current shunt

N

Sensed Current

Hall
Effect
Sensor

Figure 6.3: Hall Effect current sensor [28]

6.2 ACS758 connection diagram

The positive terminal of the battery is connected with the pin number 4 of the current sensor
and the negative terminal is connected with the pin number 5 of ACS758 through the load.
For the electric vehicle, motor is acting as a load. However, we used an electrical stove in the
lab as a load and the output voltage from the current sensor is changing with the changeof the
load resistance and in turn load input current changes occurred. Moreover, 5V power supply
is needed to power up the ACS758, where VCC is connected with the positive terminal and

ground is connected with the negative terminal.
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Battery P+

ACS758 |2 b

Load

+ -

5V Power Supply

Figure 6.4: Connection diagram for current sensor, ACS758
6.2.1 Current sensor connection with electrical stove as a load

In the laboratory, the current sensor has been connected with two electrical stoves as a load to
draw current from 0-20A. The current consumed by the load is varied by the help of heat
controller. Changing the current has allowed the current sensor to give corresponding output
voltage. This voltage is later used up for implementing required algorithm to show certain
parameters using the micro-controller based device. Furthermore, we used 48V battery where
four 12V, 20AH are connected in series. The figure 6.5 represent the series connection of

battery to make 48V battery for our project.

48V Battery -
- + - + - + - +
12V Battery 12V Battery 12V Battery 12V Battery

Figure 6.5: Four 12V battery connected in series

The positive terminal of 48V battery is connected with the pin number 4 of the current sensor
and the pin number 5 of the current sensor is connected with the whole load. Again, the
negative terminal of the battery is connected with the negative power of the heat

controller. The positive and negative terminal of the load of the heat controller are connected
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with the heating coil of each stove. Hence, these two heat controllers are enabling to draw
close to 20A of total current from both stoves, for each stove maximum 10.6A can be drawn.
Moreover, 5V power supply is needed to power on the current sensor. The pin number 1 of
the current sensor is VCC which is connected with the 5V and the pin number 2 is connected
with the ground. Analog input channel from the data acquisition card is connected with the
pin number 3 (VOUT) of the current sensor and analog ground (AGND) is connected with
the common ground. The figure 6.6 shows the connection diagram of the current sensor with

the electrical stove.

One Stove One Stove
Y P
-Load + = Load +
Heat Controller Heat Controller
- Power + - Power + BPC
J = ATO USB Port
DAQ Card
AGND
5 3
ACS 758 Ir=
1
s .
i\ i 5V Power Supply
- +
48V Battery

Figure 6.6: Connection diagram of the current sensor with electrical stove
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Our given connection in the laboratory to test the current sensor that is following the given
connection diagram in figure 6.6 which is given below in figure 6.7. The mentioned
multimeter and clampmeter was used to measure battery voltage and input current

respectively.

Computer
Monitoring
System

DA . ':"\‘ |
Car% %\ - Multimeter

s? »
N \;\ﬁ

Clampmeter

Coil of LR D> L = 3%

thestove f 4

= "
/ ¢ Curren .‘&:.L.

B |
lq Heat
Heat
Controller Controller

48V Battery[T— 3 Py

e

Figure 6.7: Practically given connection diagram of the current sensor with electrical stove
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6.3 Simulation data analysis of current sensor (ACS758)

For every 1A current, the change in output voltage (VOUT) of the current sensor is 10mV
which is 0.01V and note that the offset voltage is around 2V. Thus to see the change in the
output voltage of the current sensor for the corresponding input current; we used DAQ card
(Advantech USB-4716) because of its high precision and greater accuracy in measuring the
voltage. The reason of choosing DAQ card over multimeter that is multimeter cannot show
the change in voltage in very low mV value. As per datasheet we know that, maximum output
voltage of the current sensor is 5V for 100A current so the tabular results showing such small
changes in output voltage is acceptable. Initially, the battery voltage was 50.1V and after the
test, the battery voltage was 49.8V which is close to 60% SOC, and the current obtained has
also reached nearly 20A at this battery voltage. While conducting the practical test of the
current sensor, we measured the VOUT at every 2A current intervals to observe noticeable
variations of the output voltage from the PC using DAQ card. The simulation data observed
in the test of the current sensor for 20A current is given below in table 6.1.

Current (A) Current Sensor Output Voltage (V)
02 2.0236210
04 2.0460510
06 2.0573430
08 2.0687870
10 2.0906770
12 2.1131900
14 2.1426390
16 2.1598820
18 2.1748350

19.2 2.1815490

Table 6.1: Simulation data of the current sensor

The simulation data of the current sensor is used in MATLAB software to plot the graph of
output voltage VS current, where X is the current and y is the output voltage of the current
sensor. The code for the plotted graph of figure 6.6 is given in appendix B. From the basic

fitting, we got the best fit line and equation for the linear characteristics. The equation of this
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graph is y= 0.0095486*x + 2.0016, here 0.0095486 is the slope and 2.0016 is the y intersect
constant voltage at OA current. Theoretically we know that 0.01V change for 1A current and

from the practically tested data we got 0.0095486V for the change of 1A current.
The error calculation of the slope is given below-

0.01—0.0095486
Error = o1 * 100 =4.5%

The error calculation of the threshold voltage is also given below-

_2.0016-2.00
- 2.00

Error *x 100 = 0.08%

The plotted graph with the data of the current sensor is given below in figure 6.8.
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Figure 6.8: Output voltage of current sensor at different current interval

This chapter is all about how a current sensor response with a load and the battery as well as

the characteristics of a current sensor.
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Chapter 7

Algorithm development for SOC,
remaining discharging time and distance on
LCD display

7.1 State of Charge (SOC)

The term SOC is a critical parameter for the electric vehicle which refers to state of charge
and it is a measurement of how much electrical energy stored in the battery. Measuring the
estimated SOC of an electric vehicle is a troublesome and error prone procedure. The
accuracy of determining SOC is relies on upon numerous factors as the battery is influenced

by ecological temperature, charging time, discharging ratio, age of the cell and so on [29].

SOC Chart

The units of SOC are calculated in percentage where 0% is no charge and 100% means
completely charged-up the batteries. We need the term SOC to know the current state of a
battery while the battery is in use. SOC measurement is not accurate always, so SOC chart
obtained from online source is using as a base guideline. The battery voltage is measured
when the current has become approximately zero while charging the batteries. As we have
taken data for cargo hauler; they used four 12V batteries which means total 48V. A fully
charged 48V battery has 50.92V and half discharged battery showed 48.10V across its
terminal. To increase the lifetime of battery, we need to charge up the batteries again when it
discharging to 50% of charge. The SOC chart is given in table 7.1.

Charge (SOC) 12V battery 48V battery
100% 12.73 50.92
90% 12.62 50.48
80% 12.50 50.00
70% 12.37 49.48
60% 12.24 48.96
50% 12.10 48.40
40% 11.96 47.84
30% 11.81 47.24
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20% 11.66 46.64

10% 11.50 46.04

Table 7.1: SOC chart of lead acid battery [30]
7.1.1 Analog to digital (A/D) converter of ATmega32A

The real world is full of analog signals like sound, light, temperature, humidity, all are
continuously variable signals. However, computing system recognize the digital signal by
converting the analog signal to a binary number. Thus for giving analog input into a digital or
computing system, we need to convert the analog value to a digital value. This type of
conversion is carried out by the analog to digital converter (ADC) and the process of

converting is known as analog to digital conversion.

In our project, we are using AVR ATmega32A microcontroller which can convert the analog
signal to a digital signal. The AVR ATmega32A has inbuilt 8 ADC pin in PORTA which is
10-bit analog to digital converter. There are three ADC registers such as ADC multiplexer
selection register (ADMUX), ADC control and status register A (ADCSRA) and the ADC
data register (ADCL and ADCH) where ADMUX is for selecting the reference voltage and
the input channel, ADCSRA controls the status of ADC and ADCL, ADCH store the final
output in this register. When 5V, 2.5V and 0V signal is converted, the output of the ADC is
Ox3ff (1023), 512 and 0 respectively [31]. As microcontroller take input within 5V, so the
output will be in-between 0 and 1023 for any other voltage levels.

7.1.2 Chart of step down and ADC voltage correspond to battery
voltage

From the SOC chart for 48V battery, the highest voltage is 50.92; hence we have to use any
11 resistors (we used 560k) of same value to step it down to 5V. The input voltage will be

given in first and last resistor terminal and correspond to last one resistor we will get the step

down voltage. The equation of step down voltage for any input analog voltage is:

Resistor value x input analog voltage

= Step down voltage
Resistor value x number of resistor p 9




For example, the calculation of step down voltage for 50.92V is given below-

560k x50.92
560k x 11

= 4.63V
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In this way, we can also calculate for other voltage levels and note that this is the theoretical

value of step down voltage within 5V. We measured practically the step down voltage which

is the input of the microcontroller and it convert the analog input to a digital number by the

ADC built-in function of the microcontroller. The ADC value can be change because of the

presence of noise, but the value will be close to the data mentioned below in table 7.2. The

correspond ADC and step down voltage for the SOC chart of 48V battery is given below in

table 7.2.
SOC (%) Analog input Step down Step down ADC value
voltage, V voltage, V voltage, V (Practical)
(Theoretical) (Practical)

100 50.92 4.63 4.58 956

90 50.48 4.59 4.54 947

80 50.00 4.55 4.50 938

70 49.48 4.50 4.45 929

60 48.96 4.45 4.41 918

50 48.40 4.40 4.35 908

40 47.84 4.35 4.29 897

30 47.24 4.29 4.25 885

20 46.64 4.24 4.19 873

10 46.04 4.19 4.14 863

Table 7.2: ADC and step down voltage for the SOC chart of 48V battery
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7.2 Equation establishment for measuring discharging time of
battery from the field test data

From the field test data of cargo hauler, we obtained a couple of equations for different range
of current which is already mentioned in chapter 4. In this section, we are establishing the
equations for developing the algorithm to measure discharging time of the battery. The
variable x is for time and y is for battery voltage.

For 0-10A current:

y==-0.0012824*x + 52.23

—52.23
—>x = _YToead
—0.0012824

For 10-20A current:
y =-0.0013228*x + 49.776

‘= y—49.776
> X = —0.0013228

For 20-30A current:
y =-0.0012236*x + 49.461

y—49.461
— X =—
—0.0012236

For 30-40A current:
y =-0.0014394*x + 47.606

y—47.606
—> X =—
—0.0014394

For 40-50A current:
y =-0.001415*x + 47.907

‘= y—47.907
: © —0.001415

For 50-60A current:
y =-0.0014653*x + 46.706

‘= y—46.706
> X = —0.0014653
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7.3 The idea and equation establishment for displaying the
distance

The data we have taken from the field test of the cargo hauler was the battery voltage and the
motor current which did not include any data from that we can relate distance with voltage or
distance with current. Thus, no mathematical relation or formula could be estimated for
calculating the remaining distance with the remaining battery supply and the current load of
the electric vehicle. Therefore, the idea was to calculate theremaining distance using the
average speed of the vehicle and the remaining time it could run. Itseemed logical as the
average speed was constant and was going to be multiplied with the remainingtime. Hence,
we can approximate our desired output in the display which will not be exactly accurate. It
would be more accurate if the data we can take which indicate the relationship between
distance and voltage or distance and current. Though it was notpossible because of time
constraints and less scope to go for field test. The whole distance we travelled with the cargo
hauler is 18km and it takes 4480 seconds. The average speed is determinedby dividing the
total distance travelled with the total time taken to travel that distance during the field test.

The equation of the average speed is given below-
Average speed = Total distance travelled/Total time taken
=18000/4480 = 4.01786 m/s

We found the average speed is 4.01786 m/s. The remaining time that the vehicle can run is
calculated beforehand using different equationsdepending on current. It is briefly mentioned
in the previous section how the equations are derivedfrom field test data and used to calculate
the remaining time.Finally, remaining distance is calculated bymultiplying the average speed
of the vehicle with the remaining time calculated earlier in the section 7.2. The equation for

the remaining distance is given below-
Remaining distance = Average speed x Remaining time
=4.01786 x Remaining time

We have written the following equations in our coding which is given in appendix C.



7.4 Whole algorithm of the project

float sum=0, v1=0,
vout=0, t=0, a=0
tout=0, I=0 and int
j=0, d=0

infinite while loop

Yes

v

Clear screen

Yes

L i

a=Read Battery
voltage(ADC
Value)

!

sum=sum-+a

!

=i+l

I—D (11.728*v1*4.5088)/1000

No

v1=sum/30,
vout=

and
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Display "Soc :

100%"
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No
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) 4

A

No
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If vi<918 &&
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No
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YeS——pn! tout=4480-t;

t=(vout-52.23)/(-0.0012824);
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No
t=(vout-49.776)/(-0.0013228);
Y& S——p! tout=4420-t;
No
t=(vout-49.461)/(-0.0012236);
Yes—p» tout=4280-t;
No
t=(vout-47.606)/(-0.0014394);
YeS——p» tout=4440-t;
No
Ye t=(vout-47.907)/(-0.001415);
§—> tout=4340-t;
N

t=(vout-46.706)/(-0.0014653);

:?1

tout=4320-t;

Display tout

A

y

d=4.01

786 * tout

A

y

Display d

A

Figure 7.1: The whole algorithm of our project
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Chapter 8
Final output on LCD display

8.1 Block diagram of the whole system with an electric vehicle

The block diagram mentioned in figure 8.1 where four 12V battery is connected in series and
make it 48V battery. We installed our electrical device in the electrical vehicle to get our
desired output on the LCD display. The positive terminal of the 12V battery is connected
with the pin number 4 of the current sensor and pin number 5 of the current sensor is
connected with the controller's pin number 4 of the electric vehicle. The motor was already
connected with the controller properly. The negative terminal of the 48V battery is connected
with the pin number 3 of the controller. We also connect a voltage regulator from the last
12V battery to get 5V which will give power to the current sensor, microcontroller and the
LCD display. The 48V is feed into the microcontroller via a voltage divider circuit which
converted the 48V into 5V. The output voltage of the current sensor is also feed into the

microcontroller, and then the microcontroller is connected with the LCD display.

+ 5
— N, 5
T
12V ‘attery Current Sensor
VCC GND  Vout
T 4
12V battery Electric vehicle |/
controller Motor
+— 3
_|_
12V battery Voltage Divider (| 4qv
Circuit
_12‘: _5\; . .
L T ]wv : :
+ Voltage 2l Microcontroller > LCD Display
_ _ppy| regulator
12V battery IJT

Figure 8.1: Block diagram of the whole system with an electric vehicle
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8.2 Field test data of our electrical device

We installed our electrical device in an electric vehicle and have taken a field test using that
electric vehicle. The field data also retrieved from the video and the data in given in the
appendix D. The following figure 8.2, 8.3, 8.4 and 8.5 we have taken during the field test of

our electrical device.

Controller

Figure 8.3: Electric vehicle equipments



Figure 8.5: Output on the LCD display after the field test
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Chapter 9

Conclusion
9.1 Summary

Electric vehicles are drawing an attractive option in the world because of its environmental
friendly behavior, high level efficiency and regenerative multiple energy sources. Our project
is to make an electrical device which will display SOC, remaining travelling time and the
total distance covered by the vehicle for the current SOC to reach the destination. We also
took the field test of the electrically assisted cargo hauler and data retrieved from the video of
our field test. After plotting the data we got some equation to develop the algorithm for the
cargo hauler. For measuring remaining time, we grouped our data for different range of motor
current and after then we find out the distance covered with the current SOC. We will keep
our work on to improve the electric vehicle for future and will install this electrical device in
all electric vehicle to know the current battery condition; otherwise in the middle of the road,
the battery can be fully discharged without the driver’s concern which can be a severe
nuisance for both passengers and drivers. We have implemented our electrical device on a
electric vehicle and the performance of the device is exactly the way it has been designed and
developed and thus to a greater extent the microcontroller based device can be said as a

successful one.

9.2 Limitations and challenges

An embedded system has been designed and developed to monitor the real time condition of
all the batteries of electrically assisted vehicle while carrying out the field test using the
electrically assisted cargo hauler, due to the road like traffic jam, bad condition of the road,
random comfort of paddling of the driver. The motor current fluctuated rapidly in every
seconds for which it was difficult to record these readings manually and frequently that is one

of the challenges we faced during the data acquisition of our project to get the accurate result.

The microcontroller cannot take any input value of more than 5V where the full charged
battery voltage of the cargo hauler is 50.92V. Hence we have to step down the battery voltage
within 5V range to feed into the microcontroller. Thus, here we also get deprived to some
extent from the exact result due to the step down of the microcontroller input voltage. In
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addition, the microcontroller we used has some internal circuit problems which create signal
oscillation and noise. Because of this problems we get fluctuation while doing ADC (Analog

to digital conversion) for obtaining a given fixed input voltage value.

The current sensor testing also took us almost to the edge of imperfection as we tested it in
the laboratory before implementing on the vehicle. We tested our current sensor with an
electrical stove as a load where maximum current is around 20A and cargo hauler can draw
maximum 60A current. Since the algorithm for time remaining and distance covered is
dependent on the current, so to get the desired result, we were able to do tests for the range 0-
10A, 10-20A but not more than this range. Another problem we faced to measure the output
voltage of the current sensor. For every 1A current, the change in output voltage of current
sensor is 10mV and the offset voltage is also there which is around 2V. We cannot sense the
change of output voltage by using the multimeter because the multimeter cannot show change
in voltage in such small mV value. The solution of this problem has been found by
implementing another circuit using the Data Acquisition Card (DAQ) with an electrical stove
to sense the change of the output voltage of the current sensor as it can show 8 digit after the

decimal value.

As we are displaying SOC, remaining discharging time of the battery and distance, all these
information states the current condition of the electric vehicle. This project is about real time
monitoring system of the battery which is a error prone process. For this reason, we cannot
get the accurate result when we are displaying current status of the battery of the electric

vehicle.

9.3 Plan of improvement for future

This project can be improved by displaying the present status of the electric vehicle in
Bengali language for the sake of the simplicity so that the drivers in our country those who
cannot understand English language. We can also display the exact speed of the electric
vehicle in which the vehicle is moving. The problem we faced for real time system can be
minimized by calibrating the system; this will improve the performance of our electrical
device. We can set an alarm which will alert the driver that the vehicle is fully charged, half
charged and almost zero charge. We can also set a Bluetooth module which will send
message to drivers/passengers via mobile phone about the battery condition and how longer

distance the passenger can travel.
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APPENDIX A

Field test data of Cargo Hauler (C5):

Time (s) Motor Current (A) Battery Voltage (V)

20 415 47.3
40 38.2 47.6
60 38.3 47.4
80 38.6 47.2
100 34.5 47.6
120 32.1 48.2
140 94.4 46.7
160 0.2 51.3
180 35.0 45.9
200 53.9 45.8
220 53.6 45.4
240 50.9 46.1
260 53.9 45.5
280 0.10 51.9
300 0.1 52.0
320 0.3 52.0
340 43.8 47.1
360 37.3 47.5
380 24.9 48.3
400 54.1 455
420 53.8 45.7
440 35.2 47.5
460 534 45.6
480 37.7 46.7
500 0.5 51.2
520 21.0 47.2
540 33.3 41.1
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560 36.7 46.8
580 15.9 49.6
600 53.4 45.2
620 0.5 50.6
640 1.7 50.0
660 41.5 47.1
680 54.3 45.4
700 52.0 45.4
720 54.7 45.2
740 53.3 45.2
760 35.0 48.7
780 43.2 46.7
800 2.3 50.4
820 545 45.4
840 47.8 45.6
860 14.1 47.5
880 43.4 46.6
900 5.5 50.6
920 11 51.5
940 39.8 47.4
960 55.0 453
980 54.3 44.5
1000 54.8 45.2
1020 54.6 451
1040 53.4 45.5
1060 54.3 45.0
1080 54.2 45.0
1100 1.3 50.6
1120 53.8 45.2
1140 29.8 47.8
1160 8.6 50.1
1180 1.3 511
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1200 1.3 50.8
1220 1.3 51.0
1240 1.3 50.7
1260 1.2 51.0
1280 41.4 46.5
1300 40.2 46.4
1320 40.2 46.7
1340 2.1 50.2
1360 39.3 46.3
1380 36.0 46.7
1400 3.2 50.4
1420 1.5 50.7
1440 26.3 48.1
1460 215 48.0
1480 55.3 44.8
1500 54.2 44.5
1520 51.6 453
1540 55.1 44.8
1560 1.8 50.6
1580 1.8 51.0
1600 1.9 514
1620 42.3 46.0
1640 6.8 49.5
1660 54.3 44.6
1680 51.0 44.4
1700 55.4 44.5
1720 55.3 441
1740 55.4 44.2
1760 36.5 46.1
1780 1.9 50.1
1800 47.0 45.2
1820 1.5 50.0
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1840 1.7 49.9
1860 22.3 48.9
1880 3.5 50.2
1900 56.7 44.2
1920 55.0 44.5
1940 56.6 44.0
1960 2.2 49.9
1980 50.3 44.7
2000 56.6 44.2
2020 2.6 49.8
2040 2.2 49.6
2060 55.0 44.0
2080 29.2 46.4
2100 50.3 44.8
2120 555 43.6
2140 2.0 50.0
2160 2.0 50.2
2180 26.5 46.8
2200 20.8 41.7
2220 29.9 46.5
2240 2.0 49.6
2260 2.6 49.6
2280 54.6 43.7
2300 2.0 49.6
2320 55.4 43.4
2340 30.0 46.0
2360 235 47.3
2380 53.5 43.6
2400 45.4 43.9
2420 1.9 49.3
2440 0.1 49.8
2460 0.2 49.8
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2480 417 465
2500 52.0 46.6
2520 54.7 437
2540 54.9 433
2560 53.8 433
2580 54.1 432
2600 535 436
2620 40.2 445
2640 37 48.9
2660 54.3 432
2680 53.9 43.1
2700 5.2 485
2720 54.1 43.0
2740 0.3 49.0
2760 2.8 48.7
2780 54.4 431
2800 03 488
2820 54.0 42.9
2840 433 44.0
2860 54.1 427
2880 535 42.4
2900 52.8 435
2920 39.6 438
2940 53.8 42.2
2960 0.1 486
2980 53.7 422
3000 0.1 48.4
3020 6.1 465
3040 54.5 427
3060 54.2 42.1
3080 248 476
3100 54.4 42.0




Page |91

3120 47.0 42.9
3140 545 42.2
3160 16.6 46.7
3180 53.9 41.7
3200 53.8 41.9
3220 0.4 47.8
3240 53.0 41.8
3260 26.2 44.1
3280 54.2 41.6
3300 53.0 41.7
3320 0.1 47.5
3340 53.2 41.6
3360 46.8 42.1
3380 535 41.2
3400 53.3 41.2
3420 53.4 40.7
3440 19.1 45.5
3460 50.4 41.5
3480 53.6 40.8
3500 21.3 45.9
3520 0.2 47.5
3540 55.4 41.9
3560 5.5 47.1
3580 33.6 43.4
3600 55.0 40.7
3620 30.8 43.4
3640 50.5 41.0
3660 54.1 40.4
3680 55.0 40.6
3700 54.6 40.3
3720 54.5 39.9
3740 26.0 43.5
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3760 0.4 47.3
3780 0.4 47.4
3800 0.3 47.5
3820 58.1 42.9
3840 5.0 47.5
3860 20.1 47.0
3880 2.5 48.2
3900 57.7 42.1
3920 44 4 45.4
3940 2.5 47.5
3960 27.8 45.9
3980 2.4 47.6
4000 2.3 47.9
4020 2.4 47.9
4040 30.0 44.0
4060 56.5 40.6
4080 35.8 43.0
4100 50.7 41.1
4120 36.8 42.6
4140 28.0 43.6
4160 27.7 43.6
4180 27.5 43.5
4200 27.4 43.3
4220 2.4 46.6
4240 1.9 47.2
4260 22.5 44.4
4280 294 43.3
4300 56.2 39.6
4320 50.3 38.0
4340 42.8 38.9
4360 37.9 394
4380 1.8 44.5
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4400 31.7 40.0
4420 13.6 43.0
4440 36.4 39.3
4460 45.6 38.0
4480 1.4 44.8
APPENDIX B

Codes used in MATLAB software:

Codes are written to produce graphical representations of Battery Voltage (y-axis) versus

Time Duration elapsed (x —axis).

For 0-10A current:

clc;

clearall;

closeall;
x=[160,280,300,320,500,620,640,800,900,920,1100,1160,1180,1200,1220,1240,1260,1340,1
400,1420,1560,1580,1600,1640,1780,1820,1840,1880,1960,2020,2040,2140,2160,2240,2260
,2300,2420,2440,2460,2640,2700,2740,2760,2800,2960,3000,3020,3220,3320,3520,3560,37
60,3780,3800,3840,3880,3940,3980,4000,4020,4220,4240,4380,4480];
y=[51.3,51.9,52,52,51.2,50.6,50,50.4,50.6,51.5,50.6,50.1,51.1,50.8,51,50.7,51,50.2,50.4,50.7
,50.6,51,51.4,49.5,50.1,50,49.9,50.2,49.9,49.8,49.6,50,50.2,49.6,49.6,49.6,49.3,49.8,49.8,48.
9,48.5,49,48.7,48.8,48.6,48.4,46.5,47.8,47.5,47.5,47.1,47.3,47.4,47.5,47 .5,48.2,47.5,47.6,47.
9,47.9,46.6,47.2,44.5,44.8];

plot(x,y),xlabel('Time(s)"),ylabel('Battery VVoltage(V)'),title('Battery voltage VS Time for 0-
10A motor current’)

gridon

For 10-20A current:

clc;

clearall;

closeall;
x=[580,860,3160,3440,4420];
y=[49.6,47.5,46.8,45.5,43.0];
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plot(x,y),xlabel('Time(s)"),ylabel('Battery VVoltage(V)"),title('Battery voltage VS Time for 10-
20A motor current’)

gridon

For 20-30A current:

clc;

clearall;

closeall;
x=[380,520,1140,1440,1460,1860,2080,2180,2200,2220,2360,3080,3260,3500,3760,3860,39
60,4140,4160,4180,4200,4260,4280];
y=[48.3,47.2,47.8,48.1,48.0,48.9,46.4,46.8,47.7,46.5,47.3,47.6,44.1,45.9,43.5,47.0,45.9,43.6,
43.6,43.5,43.3,44.4,43.3];

plot(x,y),xlabel('Time(s)"),ylabel('Battery VVoltage(V)"),title('Battery voltage VS Time for 20-
30A motor current')

gridon

For 30-40A current:

clc;

clearall;

closeall;
x=[40,60,80,100,120,180,360,440,480,540,560,760,940,1360,1380,1760,2920,3580,3620,40
80,4120,4360,4400,4440];
y=[47.6,47.4,47.2,47.6,48.2,45.9,47.5,47.5,46.7,41.1,46.8,48.7,47.4,46.3,46.7,46.1,43.8,43.4,
43.8,43.0,42.6,39.4,40.0,39.3];

plot(x,y),xlabel('Time(s)"),ylabel('Battery Voltage(V)"),title('Battery voltage VS Time for 30-
40A motor current’)

gridon

For 40-50A current:

clc;

clearall;

closeall;
x=[20,340,660,780,840,880,1280,1300,1320,1620,1800,2400,2480,2620,2840,3120,3360,39
20,4340];
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y=[47.3,47.1,47.1,46.7,45.6,46.6,46.5,46.4,46.7,46.0,45.2,43.9,46.5,44.5,44.0,42.9,42.1,45 4,
38.9];

plot(x,y),xlabel('Time(s)"),ylabel('Battery Voltage(V)"),title('Battery voltage VS Time for 40-
50A motor current')

gridon

For 50-60A current:

clc;

clearall;

closeall;
x=[140,200,220,240,260,400,420,460,600,680,700,720,740,820,960,980,1000,1020,1040,10
60,1080,1120,1480,1500,1520,1540,1660,1680,1700,1720,1740,1900,1920,1940,1980,2000,
2060,2100,2120,2280,2320,2380,2500,2520,2540,2560,2580,2600,2660,2680,2720,2780,282
0,2860,2880,2900,2940,2980,3040,3060,3100,3140,3180,3200,3240,3280,3300,3340,3380,3
400,3420,3460,3480,3540,3600,3640,3660,3680,3700,3720,3820,3900,4060,4100,4300,4320
I;
y=[46.7,45.8,45.4,46.1,45.5,45.5,45.7,45.6,45.2,45.4,45.4,45.2,45.2,45.4,45.3,44.5,45.2,45.1,
45.5,45.0,45.0,45.2,44.8,44.5,45.3,44.8,44.6,44.4,44.5,44.1,44.2,44.2 44 5,44.0,44.7,44.2,44.
0,44.8,43.6,43.7,43.4,43.6,46.6,43.7,43.3,43.3,43.2,43.6,43.2,43.1,43.0,43.1,42.9,42.7,42.4,4
3.5,42.2,42.7,42.7,42.1,42.0,42.2,41.7,41.9,41.8,41.6,41.7,41.6,41.2,41.2,40.6,41.5,40.8,41.9,
40.7,41.0,40.4,40.6,40.3,39.9,42.9,42.1,40.6,41.1,39.6,38.0];
plot(x,y),xlabel('Time(s)"),ylabel('Battery VVoltage(V)"),title('Battery voltage VS Time for 50-
60A motor current’)

gridon

Code used in MATLAB software for current sensor:

clc;

clearall;

closeall;

x=[2,4,6,8,10,12,14,16,18,19.2];
y=[2.0236210,2.0460510,2.0573430,2.0687870,2.0906770,2.1131900,2.1426390,2.1598820,
2.1748350,2.1815490];

plot(x,y),xlabel('Current(A)"), ylabel(‘Output voltage of Current Sensor(V)"), title('Output

voltage of Current Sensor VS current')
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This is the coding part what we have written to display SOC, remaining travelling time and

distance of the electric vehicle.

#include<avr/io.h>

#include<util/delay.h>
charfirstColumnPositionsForMrLCD[4]={0,64,20,84};
#defineMrLCDsCribPORTD
#tdefineDataDir_MrLCDsCribDDRD
#defineMrLCDsControlPORTB
#tdefineDataDir_MrLCDsControlDDRB
#tdefineLightSwitch2

#defineReadWritel

#defineBiPolarMoodeo
voidCheck_IF_MrLCD_isBusy(void);

voidPeek_A Boo(void);
voidSend_A_Command(unsignedcharcommand);
voidSend_A_Character(unsignedcharcharacter);
voidSend_A_String(char*StringOfCharacters);
voidGotoMrLCDsLocation(uint8_tx,uint8_ty);
voidInitADC()

{

ADMUX=(1<<REFS@);// For Aref=AVcc;
ADCSRA=(1<<ADEN) | (1<<ADPS2) | (1<<ADPS1) | (1<<ADPS@);//Rrescalar div factor
}

uint16_tReadADC(uint8_tch)

{

//Select ADC Channel ch must be 0-7
ch=ch&0b00000111;

ADMUX | =ch;

//Start Single conversion

ADCSRA | =(1<<ADSC);

//Wait for conversion to complete

while(!(ADCSRA&(1<<ADIF)));

//Clear ADIF by writing one to it
//Note you may be wondering why we have write one to clear it
//This is standard way of clearing bits in io as said in datasheets.

//The code writes '1' but it result in setting bit to '@' !!!

=128



ADCSRA | =(1<<ADIF);
return(ADC);

¥
voidWait()

{

uint8_ti;

for(i=0;i<20;i++)

_delay_loop_2(9);

}

intmain(void)

{
floatsuml;
floatsum2;
floatvl;
floatv2;
floatvout;
floatt;
floattout;
intj;
intk;
floatd;
floatdl;
intz;
inta;
floatm;
intp;
floatw;
floaty;
floatx;
floati;
floattl;
intt2;
floatt3;
floatt4;
intt5;
intc;
floatq;
uintle_tv;

DataDir_MrLCDsControl |=1<<LightSwitch|1<<ReadWrite|1<<BiPolarMood;

_delay_ms(15);

//Initialize ADC
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InitADC();

charpositionString[4];

Send_A_Command(0x@1);//Clear Screen 0x01 = 00000001

_delay ms(2);
Send_A_Command(0x38);
_delay_us(590);
Send_A_Command(0b00001110);
_delay_us(590);

while(1)

{

Send_A_Command(@x@1);//Clear Screen 0x01l = 00000001

_delay ms(2);
suml=0;
for(j=0;3j<30;j++)
{
suml=suml+ReadADC(2);
_delay ms(2);
}
suml=(suml/30);
vout=(4.476*11.568*suml)/1000;

sum2=0;
for(k=0;k<30;k++)
{

sum2=sum2+ReadADC(1);
_delay ms(2);

}

sum2=(sum2/30);

y=sum2*(2.59/548);

i=(y-2.0016)/0.0095486;

if(vout>50.92)

{

Send_A_String("SOC : 100%");

}

else

{
if((vout<50.92)&&(vout>50.48))
{

Send_A_String("SOC : 90%");

}

else

{
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if((vout<50.48)&&(vout>50.00))
{

Send_A_String("SOC : 80%");

}

else

{
if((vout<50.00)8&&(vout>49.48))

{
Send_A_String("SOC : 70%");
}

else

{
if((vout<49.48)8&&(vout>48.96))

{
Send_A_String("SOC : 60%");
}

else

{
if((vout<48.96)8&&(vout>48.40))

{
Send_A_String("SOC : 50%");
}

else

{
if((vout<48.40)8&&(vout>47.84))

{
Send_A_String("SOC : 40%");
}

else

{
if((vout<47.84)&&(vout>47.24))

{
Send_A_String("SOC : 30%");
}

else

{
if((vout<47.24)&8&(vout>46.64))

{
Send_A_String("SOC : 20%");

}

else

Page |99



Page |100

{
if((vout<46.64)&&(vout>46.04))

{
Send_A_String("SOC : 10%");
}

else

{
Send_A_String("SOC : Critical");

L T S B R S L SV

Send_A_Command (0xC0);
if((0<=1)&&(i<10))

{
t=(vout-52.23)/(-0.0012824);
tout=4480-t;

}

else

{

if((10>=1)&&(i<20))

{
t=(vout-49.776)/(-0.0013228);
tout=4420-t;

}

else

{

if((20>=1)&&(i<30))

{
t=(vout-49.461)/(-0.0012236);
tout=4280-t;

}

else

{

if((30>=1)&&(i<40))

{



t=(vout-47.606)/(-0.0014394);
tout=4440-t;

}

else

{

if((40>=1)&&(i<50))

{
t=(vout-47.907)/(-0.001415);
tout=4340-t;

}

else

{
t=(vout-46.706)/(-0.0014653);
tout=4320-t;

N o

}

g=tout;

t1=q/3600;

t2=t1;

c=t2;
itoa(c,positionString,10);
Send_A_String(positionString);
Send_A_String("hr");

t3=t1-t2;

t4=60*%t3;

t5=t4;

p=t5;
itoa(p,positionString,10);
Send_A_String(positionString);
Send_A_String("min");
Send_A_Command (0x94);
Send_A_String("Distance:");
d=(4.01786*tout);

dl=d/1000;

a=dl;
itoa(a,positionString,10);
Send_A_String(positionString);
Send_A_String(".");

w=(d1-a);
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m=10*w;

z=m;
itoa(z,positionString,10);
Send_A_String(positionString);
Send_A_String(" ");
Send_A_String("km");
Send_A_Command(0xD4);

intu=i;
itoa(u,positionString,10);
Send_A_String(positionString);
Send_A_String(" A");

Wait();

}
}
voidCheck_IF_MrLCD_isBusy()
{

DataDir_MrLCDsCrib=0;
MrLCDsControl|=1<<ReadWrite;
MrLCDsControl&=~1<<BiPolarMood;
while(MrLCDsCrib>=0x80)

{

Peek_A_Boo();

}

DataDir_MrLCDsCrib=0xFF;//0xFF means ©b11111111

}
voidPeek_A Boo()

{
MrLCDsControl|=1<<LightSwitch;
asmvolatile("nop");
asmvolatile("nop");
MrLCDsControl&=~1<<LightSwitch;
}

voidSend_A_Command(unsignedcharcommand)

{

Check_IF_MrLCD_isBusy();

MrLCDsCrib=command;
MrLCDsControl&=~((1<<ReadWrite)|(1<<BiPolarMood));
Peek_A Boo();

MrLCDsCrib=0;

¥

voidSend_A Character(unsignedcharcharacter)

{



Check_IF_MrLCD_isBusy();
MrLCDsCrib=character;
MrLCDsControl&=~(1<<ReadWrite);
MrLCDsControl|=1<<BiPolarMood;
Peek_A_Boo();

MrLCDsCrib=0;

}
voidSend_A_String(char*StringOfCharacters)

{
while(*StringOfCharacters>0)

{
Send_A_Character(*StringOfCharacters++);

}
voidGotoMrLCDsLocation(uint8_tx,uint8_ty)

{

Send_A_Command (0x80+firstColumnPositionsForMrLCD[y-1]+(x-1));

}
¥
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APPENDIX D
Field test data of our device:

Time (s) SOC, % Remaining time Distance, km
0 80 1hr 52min 27.2
5 70 1hr 45min 25.4
10 90 1hr 55min 27.8
15 90 1hr 55min 27.8
20 80 1hr 54min 27.4
25 80 1hr 53min 27.4
30 80 1hr 50min 26.5
35 70 1hr 49min 26.3
40 80 1hr 52min 27.1
45 80 1hr 50min 26.7
50 80 1hr 52min 27.0
55 80 1hr 52min 27.0
60 80 1hr 52min 27.0
65 80 1hr 53min 27.4
70 80 1hr 53min 27.4
75 50 1hr 35min 23.0
80 50 1hr 34min 22.8
85 50 1hr 34min 22.8
90 80 1hr 49min 26.4
95 70 1hr 47min 25.9

100 40 1hr 26min 20.9
105 70 1hr 45min 25.5
110 80 1hr 50min 26.6
115 40 1hr 28min 21.3
120 80 1hr 51min 26.7
125 80 1hr 51min 26.7
130 80 1hr 52min 27.0
135 50 1hr 31min 22.0
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140 40 1hr 25min 20.6
145 70 1hr 47min 25.9
150 80 1hr 50min 26.6
155 40 1hr 25min 20.6
160 40 1hr 25min 20.6
165 80 1hr 50min 26.6
170 30 1hr 23min 20.1
175 50 1hr 35min 22.9
180 30 1hr 24min 20.3
185 40 1hr 25min 20.5
190 70 1hr 47min 26.0
195 70 1hr 47min 26.0
200 40 1hr 25min 20.5
205 30 1hr 24min 20.4
210 70 1hr 48min 26.2
215 30 1hr 23min 20.0
220 70 1hr 49min 26.3
225 70 1hr 49min 26.3
230 80 1hr 50min 26.6
235 40 1hr 27min 21.0
240 70 1hr 47min 25.9
245 50 1hr 32min 22.3
250 40 1hr 25min 20.6
255 80 1hr 50min 26.6
260 80 1hr 51min 26.7
265 80 1hr 51min 26.7
270 70 1hr 47min 25.8
275 70 1hr 47min 25.8
280 30 1hr 24min 20.4
285 70 1hr 48min 26.0
290 80 1hr 49min 26.4
295 80 1hr 49min 26.4
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300 30 1hr 23min 20.2
305 30 1hr 23min 20.2
310 70 1hr 45min 25.3
315 80 1hr 49min 26.4
320 80 1hr 49min 26.4
325 80 1hr 51min 26.8
330 50 1hr 31min 22.1
335 50 1hr 31min 221
340 40 1hr 27min 21.0
345 70 1hr 47min 25.9
350 60 1hr 41min 245
355 70 1hr 46min 25.6
360 70 1hr 46min 25.5
365 70 1hr 46min 25.5
370 30 1hr 24min 20.4
375 30 1hr 23min 20.0
380 70 1hr 48min 26.1
385 80 1hr 50min 26.6
390 80 1hr 51min 26.7
395 40 1hr 25min 20.5
400 70 1hr 49min 26.3
405 70 1hr 49min 26.3
410 80 1hr 50min 26.6
415 80 1hr 51min 26.9
420 80 1hr 51min 26.9
425 80 1hr 51min 26.7
430 70 1hr 45min 25.3
435 70 1hr 45min 25.3
440 40 1hr 25min 20.5
445 80 1hr 49min 26.5
450 70 1hr 46min 25.6
455 30 1hr 23min 20.0
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460 30 1hr 22min 19.9
465 60 1hr 38min 23.7
470 30 1hr 23min 20.1
475 70 1hr 48min 26.2
480 70 1hr 48min 26.2
483 80 1hr 50min 26.6




