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ABSTRACT

The primary objective of his project was to construct ‘Heat and Rain Detection System
for Power Window in Vehicle’. The system was composed of five major modules which
were heat sensor module, rain sensor module, microcontroller module, power supply
module and motor module. In a hot day, when the temperature inside the car reaches at
certain level, the heat sensor will send an input signal to a microcontroller to roll down
the power window by one inch in order to let the hot air flow outside. For the rain
detection system, it will be activated when it detects rain water. This sensor then sends an
input signal to the microcontroller, which in turn sends an output signal to drive the
motor to close the window. This innovation for power window mechanism will give
some values to the car owner and automobile industry especially to country that its

weather is fairly hot and humid all year.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Power windows or electric windows are automobile windows which can be
raised and lowered by depressing a button or switch, as opposed to using a hand-
turned crank handie. The first electric power windows were introduced around 1946
by Lincoln. These windows are driven by a small electric motor inside the door and
have come to be universal in the industry. Prior to that date, in the few vehicles
offering this feature, the windows were driven by hydraulics or off the engine vacuum
[1]. Power windows are usually inoperable, when the car is not running, as the
electrical system is not live' once the ignition has been tumed off. However, many
modern cars have a time delay feature, first introduced by Cadillac in the 1980s, and
called retained accessory power. This allows operation of the windows and some
other accessories for ten minutes or so after the engine is stopped. Another fairly
recent innovation, pioneered by Nissan at about the same time’ is the express-down
window, which allows the window to be fully lowered with one tap on the swiich, as

opposed to holding the switch down until the window retracts [1].

i2 Problem Statement

Malaysia’s position in the equatorial zone guarantees a classic tropical climate
with relative humidity levels usually around 90%. Weather is fairly hot and humd all
year round (with the exception of the cooler climes of the central highlands)
averaging 30 °C in the daytime, with short intense showers almost daily. Malaysia’s
climate is dominated by the effect of two monsoons or "rainy seasons”, which affect
different parts of Malaysia to varying degrees. The north-east monsoon blows
between October and March and from May to September Malaysia is affected by the

south-west monsoon. Heavier rainfall is experienced in spring and autumn when the



monsoon changes direction. Mornings are usually hot and sunny with showers in the
afternoon [3].

Therefore, a hot and a rainy day might happen at anytime. The author decided
to develop a system for power window in vehicle that will operate automatically
depending on its surrounding. In hot day, when the temperature inside the car is
extremely high, a certain car parts especially rubber-made accessories might get
damaged. This problem may happen when the car is left in an open area and being
exposed by sunlight for a long period. A child or baby who is left alone in this
condition might get a serious injury or even die. In United Arab Emirates, a three-
vear-old boy died from the heat after locking himself in a parked car. The boy
sneaked into his father's car in the city of al-Ain at noon when the temperature
averages around 40°C [4]. Meanwhile, when it rains and car window is left open, the
rain water may get inside the car and in this condition, if left for a long period it may
damage the car accessories including driver or passenger seats. If the seats get
soaked, this might be a big problem to the car owner since it will be hard to get it
dried back. Furthermore, this problem will produce an inconvenient smell when
people get inside the car. Hence, this project has certain value because its objective is
to avoid the above mentioned incidents which are very common in Malaysia and

countries that are fairly hot and humid all year.

1.3  Objectives and Scope of Study

1.3.1 Objectives of the Project

The intention is to develop power window system 10 an automatic control and
monitoring even the driver is not around. The system will monitor two variables
which are the temperature inside the car and the rain water at outside of the car. The
main goal of the heat and rain detection system for power window in vehicle is to
give the driver the convenience of having his or her car window be opened or closed
in the event of rain and in hot day. In hot day, the car power window will open for

one inch automatically to reduce hot air. The window will be set to open one inch to
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avoid any unwanted occurrence from the outsider. In rainy day, the open car power
window will close automatically in order to avoid rain water from getting inside of

the car.

1.3.2  Scope of Study

To accomplish the entire project, the system is distributed into several modules.

The major modules and components for this project will be:

s Rain sensor module
o This module will be the part of detecting rain water in the event of
rain,
¢ Temperature sensor module
o This module will be the part of detecting excessive temperature inside
the car in hot day.
¢ Power supply module
o To supply the standard SVDC electronic circuit and components such
as microconiroller. Voltage regulator will be used to step down the
12VDC voltage from car battery to SVDC.
e PIC microcontroller is used as the brain of the system to process the input and
output.
¢ Limit switch
o When the window strikes the limit switch, it will give the input to

microcontroller to stop the stepper mofor rotation.

Since this project is a development towards power window system, therefore
this system is only limited to automobile or vehicles that have 2-door or 4-door power
window mechanism only. This system is more appropriate and effective to be applied

to car in the country where its weather is fairly hot and humid all year.



CHAPTER 2

LITERATURE REVIEW

2.1 Power Supply Module

Every electronics circuit requires a power supply to operate. The required
power can be provided from a battery, or the main voltage can be used and then
reduced to the required level before it is used in the circuit. The standard power
supply voltage in digital electronic circuits is SVDC and this is the voltage which the

PIC microcontrollers are most operated.

The power supply module is needed to connect to car battery and convert 12
VDC to 5VDC in order to power the microcontroller and other electronic
components. In addition, this module is needed to provide circuit protection against
incorrect setup and voltage spikes from the vehicle during ignition. A voltage

regulator will be used to step the voltage down to 3VDC.

As stated in PIC basic Project by Dogan {5], a voltage regulator circuit is used
to convert the 12VDC voltage to 5VDC, independent of the current drawn from the
supply. A basic voltage regulator circuit consists of a regulator integrated circuit and
filter capacitor. Figure 1 shows the low-cost voltage regulator circuit using the
78L05-type voltage regulator IC (see Figure 2 and Figure 3), and two filter
capacitors. 78L05 is a 3-pin IC with a maximum current capacity of 100mA. One of
the pins of 78105 is connected to the +V terminal of the battery in parallel with a 0.33
uF capacitor. One of the pin 1s connected to the -V terminal of the battery. The third
pin provides the 5V output and 0.01 pF capacitor should be used in parallel with this
pin. In applications where a larger current is required, the 78L05 regulator IC can be

used (refer to Appendix A).
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Figure 1 Circuit Diagram of the +5V Voltage Regulator |5}
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2.2 Temperature Sensor

Many methods have been developed for measuring temperature. Most of these
rely on measuring some physical property of a working material that varies with
temperature. One of the most common devices for measuring temperature is the glass
thermometer. Temperature can be measured via a diverse array of sensors. All of
them infer temperature by sensing some change in a physical characteristic. Six types
with which the engineer is likely to come into contact are thermocouples, resistive
temperature devices (RTDs and thermistors), infrared radiators, bimetallic devices,

liquid expansion devices, and change-of-state devices |6].

2.2.1 LM35

The LM35 series are precision integrated-circuit temperature sensors, whose
output voltage is linearly proportional to the Celsius (Centigrade) temperature. The
sensor circuiry s sealed and not subject to oxidation. It generates a higher output
voltage than thermocouples and may not require the output voltage be amplified. The
LM35 (see Figure 4) thus has an advantage over linear temperature sensors calibrated
in ¢ Kelvin, as the user is not required to subitract a large constant voltage from its
output to obtain convenient Centigrade scaling. The LM35 does not require any
external calibration or trimming to provide typical accuracies of + % °C at room
temperature and + % °C over a full -55 to +150°C temperature range. Low cost is
assured by trimming and calibration at the wafer level. The LM35's low output
impedance, linear output, and precise inherent calibration make interfacing to readout
or control circuitry especially easy. It can be used with single power supplies, or with
plus and minus supplies. As it draws only 60 pA from its supply, it has very low self-
heating, less than 0.1°C in still air. The LM35 is rated to operate over a -35°C to
+150°C temperature range, while the LM35C is rated for a -40°C to +110°C range (-
10°C with improved accuracy). The LM35 series is available packaged in hermetic
TO-46 transistor packages, while the LM35C, LM35CA, and LM35D are also
available in the plastic TO-92 transistor package. The LM35D is also available n an
8-lead surface mount small outline package and a plastic TO-202 package {7]. Refer
to Appendix B for LM335 datasheet.



Figure 4 LM35 - Integrated Circuit Temperature Sensor [7]

2.3 Microcontroller

Microcontrollers are single-chip computer consisting of CPU (central
processing unit), data and program memory, serial and parallel ¥O (mput/output),
fimers, external and internal interrupts, all integrated into a single chip that is very
cheap in the market. Most microcontrollers operate with the standard logic voltage of
5VDC. Since this project will be using the existing 12VDC car battery, a voltage
regulator needs to be used to reduce the voltage to SVDC to supply the

microcontroller [5].

Intelligence of the robot lies in the complex and lengthy algorithm uses in
microconiroller. It is not easy to implement such algorithm if there is no good support
from programming side. In PIC Microcontroller Project Book by Tovine J. [8] has
listed down the advantages of using microcontroller. Some of it are microcontroller
which 1s widely used because of its inexpensive and work as brain of the robot. Apart

from that, microcontroller is capable to store and run program.

Microcontroller also has the ability to perform math and logic function, which
allow it to understand the sophisticated logic and elecironics circuits. In the book
“PIC Microcontroller for beginners, too!” [9] stated that microcontroller has
memories which functions to store data. The microcontroller is the component that
makes the robot intelligent. It also accepts high level programming language such as
C. In this project, the microcontroller will take current inputs from temperature
sensor, rain sensor and limit switch. The output of the microcontroller will be sent to

the motor driver to control the stepper motor rotation. The microcontroller will act as



the brain of the system and it will be programmed by using MPLAB or C language.
The time of the motor to run and ws algorithm will be programmed in this

microcontroller. The possible microcontroller that can be used for this project is PIC
16F877.

PICMGEBT AT

h FlgureS ' Miéfocontroller PIC16FR77 Pin Configuration [12]



Table 1 Features of Microcontroller, PIC16F877 [12]

R e ande
Cperating Frequency DC - 20 MHz
FLASH Program Memary (14-bit words) 8K

RAM Data Memory (bytes) 368
EEPROM Data Memory (bytes) 258
Interrupts Capability 14 Source
/O Ports Ports AB.C,D,E
O Ping 33
Timers 3

Serial Communications MSSP, USART
Parallel Communications PSP
Operating Voltage Range 2.0V 1o 5.5V
High Sink / Source Current 25 mA

24 DC Motor Module

Figure 6 Two Poles DC Motor Operations [13]

A DC motor is an internally commutated which designed to be run with
existence of DC power source. When the coil is powered, a magnetic field is
generated around the armature. The left side of the armature is pushed away from the
left magnet and drawn toward the right, causing rotation. When a current passes

through the coil wound around a soft iron core, the side of the positive pole is acted



upon by an upwards force, while the other side is acted upon by a downward force
[13].

According to Fleming's left hand rule, the forces cause a turning effect on the
coil, making it rotate. To make the motor rotate in a constant direction, "direct
current” commutators make the current reverse in direction every half a cycle thus

causing the motor to rotate in the same direction [13].

The problem facing by the motor shown above is when the plane of the coil is
parallel to the magnetic field; i.e. the torque is ZERO-when the rotor poles or
displaced 90 degrees from the stator poles. The motor would not be able to start in
this position, but the coil can continue to rotate by inertia. However, unlike the
demonstration motor above, DC motors are commonly designed with more than two
poles which are able to start at any position, and do not have any position where

current can flow without producing electromotive power [13],

25  Stepper motor

The initial plan of this project is to use power window motor. However, since
the requirement of this project is to control window be opened (one inch), so it is
better to use a motor which can be controlied precisely. Stepper motor is a good
choice whenever controlled movement is required. It can be used to advantage in
applications because stepper motor is capable to control rotation angle, speed,
position and synchronism. Because of the inherent advantages listed previously,
stepper motors have found their place in many different applications. Some of these
include printers, plotters, high-end office equipment, hard disk drives, medical
equipment, fax machines, automotive and many more. So, stepper motor (see Figure

7) is the most suitable option for this project because of [14]:

s  Easy to interface to digital controllers

e Excellent response to starting/stopping/reversing.

10



*  Precise positioning and repeatability of movement since good stepper
motors have an accuracy of 3 — 5% of a step and this error is non

cumulative from one step to the next.

- Stepner Motor Operation (Urigoar, Half step) -

Figure 7 Stepper Motor Operation [14]

26  PIC Programmer Module
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necessary: vollage differences’ from programmin Henceﬂxeyarecompact

geded if using them for.in:

For this project, CYTRON SK40A (see Figure 8) which provided by Cytron
Enterprise will be used as the PIC Programmer. SK40A have onboard voltage
regulator, 7805 which will provide stable 5V output to PIC and other application.
However, the maximum current of this regulator is only 1A, thus if higher current is
needed, an additional voltage regulator is required. SK40A is ready with a protection
diode to avoid damage {o circuit if the Power Input polarity is connected wrongly.
Once power is connected to Power Input, Power On LED will light up. If the LED
does not light after power is connected, it might be caused by wrong polarity of
power or no power from battery. SK40A also capable to accept the input voltage that
range from 7V to 30V [16]. Refer to Appendix D for CYTRON SK40A circuit

schematic.

12
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Figure 8 CYTRON SK40A PIC Programmer [16]

SK40A is also provided with bootloader capability to ease the process of

loading program further save development time and cost. However, a few pin have

been used for bootloader function. Pins that involved are [16]:

2.7

MCLR, used as reset and connected to ‘Reset’ Button

RBO, used as ‘Boot’ button and is pulled up through a 4.7K Q resistor to 5V
RC7, used as Receiver Diode (RxD) and conmected to MAX232

RC6, used as Transmitter Diode (TxD) and connected to MAX232

RD2, used a RTS and connected to MAX232

RD3, used a CTS and connected to MAX232

Limit switch

Mechanical limit switches are contact sensors widely used for detecting the

presence or position of objects in industrial environments. These products offer high

~ precision in terms of accuracy and repeatability, due to the fact that physical contact

is made with the target. Limit switches can be modular, with a varety of

interchangeable components, or a self-contained, single-piece switch. In addition, this

switch is easy 10 connect to microcontroller because they are either off or on, making

them digital. Limit switch can be set up to turn on when the switch button is

depressed and tumn off when the button is released, or set it up the opposite way. It
has three pin out which are Normally Close (NC), Normally Open (NO) and Common

13



(C). The limit switch for this project will be mounted directly on top of the power
window frame and it is activated when the window glass strikes the switch to stop the
motor. Figure 9 shows a typical circuit for a limit switch connection. The resistor is
important because it holds the signal line at ground while the switch is off. Without it,
the signal line is effectively floating because there is nothing connected to it, and may

cause unreliable readings as the processor tries to decide if the line is on or off.

NY

+5V

Sional *

Gromnd © .

r

Figure 9 Limit Switch
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CHAPTER 3

METHODOLOGY

3.1 Procedure Identification

In the implementation of the project, it was divided into two phases in order to
distribute the workload for the two semesters. In the first semester, activities done
were literature review, research and building the initial design of all the circuits and
the power window model structure. Refer to Appendix E and F for the Gantt chart
and project flowchart of semester one, The second semester dealt with the circuit
construction including power supply circuit, heat and rain sensor circuit and main
circuit board, as well as in programming the microconiroller, rain sensor plate

creation, limit switch connection and power window model structure.

The flowchart diagram for semester two is shown Figure 10. The first step of
the project was to design the rain plate sensor using Eagle 3.14 and construct the
actual rain plate using PCB at the laboratory. Next, designed the main circuit and heat
sensor schematic using Proteus 6.14 and constructed the circuit on a donut-board. All
these circuits were assembled together and connection check was done to identify the

€ITor,

The next stage was to program where the algorithm of the system was
represented by using C language. The accomplished code was programmed to PIC
16F877 by using Cytron SK40A PIC programmer before the microcontroller was
attached to the main circuit. The circuit was tested in order to ensure the assigned
input of the microcontroller would give the correct output and the rotation of the
stepper motor worked as planned. Model of power window mechanism was
constructed by using perspect/acrylic and it was implemented with the programmed

circuit which was constructed earlier. At this stage, the stepper motor, the rain sensor

15



plate and the heat sensor were mounted at the appropriate locations in order to model

the prototype under the rain event and in a hot day.

Finaily, trouble shooting for the system, circuit connection and physical
condition were done to detect any error and at the same time to ensure the project met
the objectives and the requirements. Please refer to Appendix G for detaled

subprojects and keys milestone.

Design & Design & Build ) )
eyl CoONstruct Rain » Power Supply & > Des:gg & I‘Swl(.i
Plate Sensor Circuits the Main Circuit
Program the PIC | Programming | Assemble
16F877 Circuits
A 4
Design & Build the Trouble
Power Window > shooting
Structure

Meet
Requirement?

NO

FYPII
Accomplished

Figure 10 FYP Il Work Flow
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3.2 Tools Required

For this project, several devices and softwares were required to be used or built.

3.2.1 Hardware

e Temperature and Rain Sensor
- Rain sensor was made by using Printed Circuit Board (PCB) and the

potential temperature sensor for this project was LM35.

s PIC Microcontroller
- The possible PIC for this project was PIC16F877.

¢ Stepper Motor Driver (ULN 2803)
- This driver was used as the final element to function like switch to control

stepper mofor rotation.

s Stepper Motor

- The stepper motor was used to drive the car window up or down.

3.2.2 Software

¢ Proteus6.1

- Tt was used to make circuit drawing/schematic,

¢ Micro C & PICkit 2
- C language was used to program the PIC microcontroller and PICki 2 to

burn .hex into PIC microcontroller,

¢ Eagie Layout Editor

- Schematic drawing and Gerber files creation.

17



3.3  Project Activities
3.3.1 Project Architecture

This system has several mddu!es which are power supply module, rain sensor
module, temperature sensor module, limit switch, microcontroller module and stepper
motor driver. Thus, these modules were done stage by stage before they were
assembled together to produce the whole system. The subprojects for the heat and
rain detection system for power window were summarized in the next parts. The

project architecture of the subprojects is illustrated in Figure 11.

Car Battery
12vDC

12VDC

4

Voltage
Regulator

SNDC

h 4 h

Rain Sensor Temperature

\ A A Y

Limit Switch 1 Microconiroller

&

MotorDriver

4

Stepper Motor

Figure 11 Architecture of the System
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3.3.2  Rain Sensor Circuit Design

The rain sensor plate was designed and made of printed circuit board (PCB).
This PCB is a copper-made board since copper is a very good conductor and widely
used in electrical and electronics wire/cable industry. The rain sensor plate design

was specified by using EAGLE Layout Editor before it was printed on a PCB.

It resists corrosion and is a good conductor of heat and has a high conductivity
when it comes to electricity. Because of its ductility, it can be used to make wires of
varying diameters, and it is very strong. Copper can also maintain solidity at 1083°C
and boils at 2567°C [17]. For rain sensor design (shown in Figure 12), a resistor was
placed in paraliel as the drop down resistor to provide a current path to the ground so

that the microcontroller could detect the input signal.

Rain Sensor Plate
svDC T T

»  To Microcontroller

Input

et A e -

Resistor

Figure 12 Rain Sensor Circuit Design
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3.3.3 Rain Sensor Plate Design

Since the project requirement was to model a small prototype of power
window mechanism, hence the size of the rain sensor plate was 2.5 cm X 4 cm (see
Figure 13). The size of line spacing was 0.4 ¢m and it was chosen because this size
was abie to detect the rain drop under the minimum circumstances such as during
light rain event. Therefore, the correct line spacing was appropriate when it was used
under the actual rain event because response times would differ depending on

whether the rain was a drizzle, a light rain, or a heavy rain.

, 2
Lespecing 0o 3 (——)
; i

Figure 13 Rain Sensor Plate Design

|
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3.3.4 Power Supply Design

Since the project used the existing 12 VDC car battery, so the voltage was
stepped down to 5 VDC. This 5 VDC of voltage was required to power up
microcontroller, temperature sensor, limit switch, motor driver and rain sensor. Refer
to Figure 14, a voltage regulator was used in this design to drop the voltage from 12
VDC to 5 VDC. The voltage regulator used was 78L05.

Figure 14 Power Supply Circuit Schematic
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3.3.5 Power Supply Testing

An experiment had been conducted in order to test the power supply circuit by
taking 12VDC input from the car battery and checked the output for 5 VDC. The
circuit was designed to drop the voltage from 12VDC to 5VDC. A 0.01uF and
0.33uF capacitors were connected in parallel and acting as low pass filters as shown
in Figure 15. Type of voltage regulator used in this experiment was 78L05. In the
experiment, firstly the car battery voltage was measured by using a digital multimeter
and the reading was 12.2 VDC (see Appendix H). After that the power supply circuit
was connected to the car battery and measurement had been taken at the output
terminal of the power supply circuit. The output voltage obtained was 5.0 VDC and a
suitable voltage value for this project.

~ Terminal

Figure 15 Power Supply Circuit
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3.3.6 PIC Programming

Programming process involved 6 steps which were;

1. Analyze the Problem
Develop an Algorithm
Document the Program
Write Code for the Program
Run the Program

Test the Results

N a woN

As stated in Structured Programming Approach Using C by Behrouz and
Gilberg [18], a program is a set of step-by-step instructions that directs the computer
to do the desired tasks and produce the results. A programmer must know what
information will go into the software, how it will process the information, and what
will be the result. All softwares must work well with three concepts as guide to be

successful:

* Input: Information that comes from an external source and enters the software.

e Processing: Manages information according to a piece of software’s logic.
Processing is what the software does to the input it receives.

e Output: The information software produces after it has processed input. Qutput

can appear on a computer screen, in a printout, or in records in a database.

The next steps were producing the pseudo code, algorithm, document the
program, write the code and test the program. After that, the code produced was
programmed in the PIC 16F877 before it was implemented to the whole system.

Micro C program was used to write the code in C language to control the
movement of stepper motor. The program was written to receive different inputs from
the temperature sensor module (LM35), rain sensor module and the limit switch. The
advantage of using C language rather than using Assembly Language is that no

requirement needed to program each memory allocation while in assembly language,
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each memory allocation needs to be defined. For complete PIC code for
Microcontroller please refer to the Appendix I. The flowchart on how to program a

microcontroller is shown in Figure 16.

Open Micro C

h 4

Write Code

A

Compile

Create HEX File

A

Omen PICkit 2

h 4

Choose HEX File

b

Bum PIC16FR77

Figure 16 Flow Chart to Program the Microcontroller

On the microcontroller, AO was set to be the input fed by temperature sensor
(LM35), Al for rain sensor plate and A3 for the limit switch. The B0O-B3 on the
microcontroller was connected to the stepper motor driver (ULN 2803) respectively
to direct the movement of the motor rotation. These four outputs (B0-B3) each

represented the connection to each stepper motor pole respectively. Please refer to
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Appendix J for circuit schematic. As mentioned earlier, the stepper motor rotation
was controlled by sequencing these outputs in the correct order. The output sequences

for this system are elucidated in Table 2 below.

Table 2 Microcontroller Operating Algorithm

Microcontroller
Event ' Actions
Input Output
AQ Al A2 B3 B2 Bl BO
1 0 0 0
Hot Day i 0 0 0 1 0 o | Open the Window for
one inch
0 0 O 1
0 0 1 0
Rain 0 i 0 0 I 0 0 Close the Window
1 0 0 0
Limit
switch || 1 Lol ol ol o Stop the Motor
activated .
Rotation

3.3.7 Creation of Gerber files

A Gerber File is a standard file format used by printed circuit board (PCB)
fabrication houses that contains information necessary for computer controlied
machines to draw exact patterns for circuit boards The software, EAGLE 4.13, was
used to create schematics and Gerber files. When making an actual printed circuit
board based on data made from Computer Aided Design (CAD), the data of Gerber
form are used in many cases. Gerber data are the data formats which a photograph

plotter maker’s Gerber Scientific Instrument Company created. All the information
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(the position of holes, size, thickness of lines and etc) for automating manufacture of

a printed circuit board is numerically expressed with Gerber data

Gerber form is standardized as CAD output data of a printed circuit board.
The printed circuit board data created by EAGLE is the form only for EAGLE. It is
not Gerber form. Figure 17 shows the layout of the rain sensor plate using a single
layer routing which means that the wire pattern was printed only on a bottom layer of
the PCB. This Gerber’s file was used to produce the actual rain plate sensor as shown

in Figure 18.

Figure 17 Layout of the Rain Sensor Plate Figure 18 The Actual Rain Plate

3.3.8 Temperature Sensor Circuit Design

The design for temperature sensor module is shown in Figure 19.

5V
1
i
” -
P‘;;.. i
——C5
. O4u
: . |
+Ve¢ Vest QD
?};' 1 % &
Figure 19 Heat Sensor Circuit Diagram Figure 20 LM35



The LM35 - An Integrated Circuit Temperature Sensor (see Figure 20) was
connected to a capacitor as shown in Figure 19. The voltage source was supplied
from the output of power supply which is 5VDC and it was connected to the leg 1, the
leg 2 to the ground and feg 3 to the input microcontroller (A0). The capacitor was
connected between leg 2 and leg 3. The sensor has a sensitivity of 10 mV/ °C or 100
°C/V, and since the LM35 is an integrated circuit sensor that is used to measure
temperature with an electrical output proportional to the temperature (in °C), so the

general equation used to convert output voltage to temperature is:

Temperature ( “C) = Vout x (100 °C/V)

3.3.9 FPower Window Model Structure

This section models the prototype of power window that would be interfaced
with the heat and rain detection system. A model prototype had been designed and
developed in order to show how the system works. Based on Figure 21, the rain plate
which was the part that detected rain water drops was mounted on the top of the
structure. Water presence gave logic ! to microcontroller to trigger the motor to close

the power window if the window was not fully closed.

The limit switch was mounted on the left top of the frame because when the
window struck it, the motor rotation would stop immediately. Power window lifting
mechanism was constructed by using perspect/acrylic and a gear with the linkage was
engaged to the stepper motor teeth. The linkage has a long arm, which was attached
to a bar that holds the bottom of the window. The end of the arm could slide in a
groove in the bar as the window rises. On the other end of the bar is a large plate that

has gear teeth cut into it where the motor turned a gear that engaged to these teeth.

26



Rain Sensor

Limit Switch Plate

/
J 4

15 inch
Main
Cireant
Stepper
Motor Temperature
Sensor

PRSI —_—_— 1

11 inch

Figure 21 Power Window Model Structure

3.3.10 Motor Driver Sequence

In a stepper motor, speed and power are conirolied separately. The current that
is provided to the windings control the torque or the force that the motor applies to
turn or to hold its position. The rotation speed is determined by the rate at which
current will be moved from one winding to the next. On the other hand, the speed is
mdependent of the torque. So, to control stepper motor, an appropriate driver was
needed and in this project, ULN2803 driver was used (refer Figure 22).
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Figure 22 TULN 2803

The input to the ULN2803 was directly from an I/O port of the PIC16F877
microcontroller (BO-B3). Four output lines from ULN2803 were used by one stepper
motor and in this project, the requirements were to control the motor rotating in
clockwise and counter wise clock direction. The output sequence of microcontroller
was very important in determining the direction of the motor rotation. Thus, the
motior might be turned by successively outputting the following patterns to the motor

windings in sequence as shown in Table 3.

Table 3 Moving the Motor Clockwise

Looking at Table 3, the project only used dO (which was also pin 2) to d3
(which was also pin 5) to move the motor clockwise. The shaded part is always O or a
low signal because they are unused. On the right of Table 3 is the hexadecimal
equivalent of the binary value that will be sent out to the parallel port. So if the motor
were moving clockwise (assuming clockwise starts from d0 to d3 from Table 3} it
would use values in the range from 1 to 8 in decimal. If stepper motor was moving
counter clockwise, it would start from 8 down to 1 and back to 8 again. Please refer
Appendix K for ULN2803 datasheet.
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CHAPTER 4

RESULTS AND DISCUSSION

4,1 Data Gathering and Analysis

4.1.1 Experiment 1

Some general temperature readings were made and used as guide in this
project. By using a thermometer, the temperatures were measured for every 30
minutes interval inside the car between 12.15 p.m. to 2.15 p.m. The results obtained

are shown in Table 4

Table 4 Temperature Readings in a Hot Day

12.15 p.m. 39
2 12.45 p.m. 41
3 115 pm 40
4 1.45 p.m. 42
5 215 p.m. 39

Average temperature = ( 39°C + 41°C + 40°C + 42°C + 39°C)/5

= 40.2°C

Based on the results above, the average temperature was relatively high. This
level of temperature is capable to damage the internal rubber-made accessories if the

car is left for a long period of time in a hot day.
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4.1.2 Experiment 2

Another experiment had been conducted in order to know the average
temperature in a hot day and it was done for three days. The second objective was to
know the average temperature drop when the car windows were open for one inch for
10 minutes. This experiment was conducted between 12.15 p.m. to 2.15 p.m. and 5
temperature readings were taken for every 30 minutes interval. The results are shown
in Table 5 and Table 6. A thermometer was left inside the car between 12.00 p.m. to
2.15 p.m. and the temperature would be taken for every 30 minutes interval. After
taking each reading, the car windows were opened for one inch m order to let the hot
air flow outside. After 10 minutes, the temperature inside the car was measured again

in order to observe whether the temperature would drop or not.

Table 5 Temperature Readings in a Hot Day (Car Window Close).

1 1215 pm 46 44 46
2 11245 pm 45 44 46
3 1.15 pm. 47 45 46
4 | 1.45pm. 47 47 47
5 1 215pm 46 47 46

TOTAL 231 227 231

Therefore, the average temperature inside a closed window car (Proton Wira)

between 12.15 p.m. to 2.15 p.m. for Day 1, Day 2 and Day 3 was,

= (231°C+227°C+231°C)/15=459 °C
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Table 6 Temperature Readings in a Hot Day (Car Window Open)

1 {1225pm 45 43 45
2 {1255pm. 44 43 45
3 1.25 pm. 45 43 44
4 155 pm. 46 46 45
5 1 225pm 44 46 44

TOTAL 224 221 223

Therefore, the average temperature inside the same car (Proton Wira) after car
window was opened for 10 minutes between 12.15 p.m. to 2.15 p.m. for Day 1, Day 2

and Day 3 was,

(224°C+221°C+223°C)/15= 445°C

From Table 5 and Table 6, the average temperature drop after car window was

opened for one inch in 10 minutes was,

(459°C ~ 445°C)=1.4°C.
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4.1.3 Experiment 3

Since the temperature inside the car might be different between the front
seat and the back seat, an experiment had been conducted in order to calculate the
average temperature mside car under three conditions. The experiment was conducted

for two days so that the average temperature would be more accurate.

¢ Condition 1: between 8 am. — 9 am.
¢ Condition 2; between 12 p.m. -2 p.m.
¢ Condition 3; between 12 p.m. — 2 p.m. (under a shade).

One thermometer had been placed between front seats and another thermometer at the
back seat inside the car. The readings for both thermometers were taken at the same

time.

Condition 1: between 8§ am. —9am.

A car (Proton Wira) was parked in an open area and left between 8 am. to 9
a.m. One thermometer was placed between front seats and another thermometer at the
back seat. The readings were taken for every 15 minutes interval. Refer to Table 7 for

temperature readings obtained.
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Table 7 Temperature Readings (8 am. — 9 am.)

1 3.00 am. 28 28 26 26
2 8.15am. 28 28 27 27
3 8.30 am. 29 29 28 28
4 8.45 am, 29 29 29 28
5 9.00 am. 29 29 29 29

TOTAL 143 143 139 138

Average temperature from front seat = ( 143 + 139)/10= 282 °C

Average temperature from back seat =( 143+ 138 ) /10 = 28.1 °C

Therefore, the average temperature in the car under condition 1
= (28.2°C +28.1 °C)/2

28.15°C

Condition 2: between 12.00 p.m. — 2,00 p.m.

A car was parked in an open area and exposed to sunlight between 12 p.m. to
2 p.m. All car windows were completely closed and the thermometers were placed at
the front seat and at the back seat respectively. The readings were taken in 30 minutes

interval. Refer to Table 8 for the temperature readings obtained.
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Table 8 Temperature Readings ( 12 p.m. —2.00 p.m.)

2 | 1230 45 45 46 46
p.m.

3 | 1.00pm, 47 46 46 46

4 [ 130pm, 47 47 47 46

5 | 200p.m 47 47 47 47

TOTAL 231 230 231 230

Average temperature from front seat = (231 +231)/10= 462 °C
Average temperature from back seat = ( 230+ 230)/10= 46,0 °C
Therefore, the average temperature in the car under condition 2

= {46.2°C+46.0°C)/ 2

= 46.1 °C

Condition 3: between 12.00 p.m. — 2.00 p.m. ( under a shade)

Another car (Proton Wira ) was parked under a shade between 12 p.m. and 2
p.m. at the same time the temperature readings for condition 2 were being measured.
All car windows were completely close and the thermometers were placed at the front
seat and at the back seat respectively. The readings were taken in 30 minutes interval.

Refer to Table 9 for the temperature readings obtained.
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Table 9 Temperature Readings, under a shade ( 12 p.m. — 2.00 p.m.)

1 12.060 p.m. 34 34 35 35
2 12.30 34 33 34 34
p.m.
3 1.00 p.m. 34 33 34 34
4 130 p.m. 34 33 34 34
5 200 p.m. 33 33 34 33
TOTAL 169 166 171 170

Average temperature for front seat =( 169+ 171 )/10= 34.0 °C

Average temperature for back seat =( 166+ 170)/10= 33.6 °C

Therefore, the average temperature in the car under condition 3

H

(34.0°C +33.6 °C)/ 2

338°C

From the results of the experiment conducted, the excessive temperature could

be decided by calculating the average temperature from results of conditions.

Average temperature condifion 1 + average temperature condition 2 + average

temperature condition 3
=(28.15°C+46.1°C+33.8°C)/3=36.02°C

Therefore, 36.0 °C was considered and chosen as excessive temperature to
trigger the power window motor to open the car window for one inch. Based on the
results also, the placement of the heat sensor would be at the front seat since the

temperature was slightly higher than the temperature at the back seat.
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4.2 Threshold Qutput Voltage Calculation

From the results of experiments conducted before, the threshold temperature
to trigger the power window to be opened for one inch was set to 36 °C. Hence, the
threshold output voltage of LM35 could be calculated since the electrical output is
proportional to the temperature (in °C) ( Refer to Figure 23). This value of threshold
output voltage was set in the microcontroller {o give the output to let the window be

opened for one inch.

Temperature(CCy =V, ,x(100°C/V)

Lt

) _ Temperature(°C)
T 100°C V)
. 36°C
C100°(C/V)

=036V

Temperature vs Output Voltage

- 05
| . ]
04 o -——-—— = . | ——Series1

02 e ! ;
0,1 / :

Y.
0 20 40 60 80

Temperature °C

Vout {V

Figure 23 Temperature ("C) Vs Vout(V)
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

In this project, the author has designed a prototype to establish an idea of
power window system development in a vehicle. The project used sensor and
mucrocontroller, and these components were found to be very sensitive. The driver of
the stepper motor overheated when the system was activated and made the motor
rotation unstable. To solve this problem, resistance needs to be added to the output of
the microcontroller to decrease and stabilize the output current. When this system is
applied to the actual power window mechanism in vehicle, the system will prevent
internal car accessory from damage when the car is parked in a hot day or in a raining
day. In addition, it will also give convenience to the driver and at the same time give
some values to the automobile industry. This project will be a very useful product for
local market since the benefits it offers are very significant and related with weather

in Malaysia.

5.2 Recommendations

In terms of security, alarm and movement sensor such as infra red sensor can
be applied to make the system more secured especially when the power window is
automatically opened for once inch. Besides that, to increase the rate of releasing hot
arr to the outside, ventilation fan can be instailed in order to decrease the temperature
faster. Another consideration is that there is a potential safety hazard when the rain
detection system drives the window up. This is because the system does not take into
account whether or not somebody or something is in the path of the window when
powering the motors. Thus, this 1s another future improvement and would possibly
require the use of pressure sensors that would be mounted in the power window

systen.
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APPENDIX B
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Typical Performance Characteristics
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APPENDIX C
PIC16F87X DATASHEET

MicROCHIP P fC 1 6 F 8 7X

28/40-pin 8-Bit CMOS FLASH Microcontrollers

Deviees ineludad in this Bata Sheet: Pin Diagram
v BIDIGFETE
« PICAGFET4

PP

2
Migrocontrofler Core Featitres: s
» Higr-performangs RISC CPU
Zily 35 singhe ward instractions 1o lears
AF singls Dyoie insadctions sxoagt for program
branuhes which sre see oo
Coeratng speed: DC - 20 Mz giook input

B - 200 nz insirucion oyole
Up 1 8K x4 words of FLASH Qnﬁq;r:em 've'*»t’y
Uz b 282 2 & byres of Datn Memory (8
Us 1o 269 & & svtes of CEPFON Jaid mamery

PICHWEET I

Pinoui gompstibie o the PIC19CTSBTARTENT
ircerrup: apabdty jup i 14 sourses}

Einht lewei :ieep nErdwars Stack

Direct, indivect 3 nefadive addreszing maodes
F'&- ] Reset sPC)R ¥

]
tar wsar-un Tlrear (GET

Yayzhdeg Timer SWDT il its coen an-hip RO
ozalllater i reliacie operation

Pregranemabie code-pritection

Povier sauny SLESF rrade

Enlasialle sxcihior options

Law-gaseer, Righ-gneed CMOT FLASH/EERRIM
lechnoiogy

stavie design

wuit Zerial Prograraning™ 0GR vin two

+ In-Ci
;0%
+ Eirgle BY in-Cirguk Serat Prograrming capabifn N
« In-CArot Debuggirg via e pins - B
= Processot raadivrite actess le prOgean mesmcy
= Wide operating woliags ratge: 1OV 0 88 .
+ High SinkSeurse Su
+ Domw i} and indust
" Lma-:—:.- pr censurTzion:
B, 4 Wik
sy 3: kHz

bt-hanne? ﬂ,na cg io-Prigial tomerh
uP}'ﬂi{haPE AR

Synchranous Asynemnncus FapEier
rangoniar [USART ST with B3 address
detestion

£ 1835 etremip Tasrag: DEI03E0E-pagE 1
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__ PICH6FETX

= — — —— —
fley Features
PiCmicre™ Mid-Range Referense FICA6FET PIC1§FET4 PHIIGFETS PICIGFETT

Hamsal 108 33023)
Ciperatog Fresuseay Th - o8 Wie 20 - H Mz OO - 205 Go-20 M4z
Resets Jand Delays} FOR, 208 FOR. 2D PR, B0

(FYIRT, 08T PWRT, OBTL {PVERT, 8T

FLAZH Frogram Memery A% AR 2K,
{aidboit wwpreis}
Dass Mermory iipes) 131 192
EEPRGM Uasa Mereory 12& &
lenerrupts 13 1
W Foris Faris ASC | Porta &3, 50
Tumers 3 3
CapwreiCompare WIS modites 2 Zz
Zeoriah Communinatis MESE USART | MTER WSSRT
Preaie Cammnications — PP
T-hit Analeg-o-Digial Medule & ingut chansea
Ingtraotion Tet 25 msbrucfions

B 1530 MOIoIAIp TRORNERYY 160

[

[
8

DTANIEPEIE F
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MCLR — Master clear

40

RB7-PORT Bbit7

2 | RAO-PORT A bit 0 39 | RB6 - PORT B bit 6
3 | RAL-PORT Abit1 38 | RB5 - PORT B bit 5
4 | RA2-PORT A bit 2 37 | RB4-PORT B bit 4
5 |RA3 - PORT A bit 3 36 | RB3 - PORT B bit 3
6 | RA4/TOCKI — PORTA bit 4/ Counter ctk {35 { RB2 - PORT B bit 2
7 | RA5 - PORT A bit 5 34 |RB1-PORTBbit 1
8 | REO- PORTE bit 0 33 | RBO/INT — PORT B bit 0
9 I RE1- PORT Ebit 1 32 | Vdd -+ V supply

10 | RE2- PORT E bit 2 31 | Vss—Gnd

11 | Vdd - +V supply 30 | RD7-PORT D bit 7
12 | Vss-Gnd 29 | RD6 - PORT D bit 6
13 | 0SC1/CLKIN 28 | RD5 - PORT D bit §
14 | 0SC2/CLK OUT 27 | RD4 - PORT D bit 4
15 | RCO—PORT C bit 0 26 | RC7 — PORT C bit 7
16 | RC1-PORT Cbit 1 25 | RC6 - PORT Cbit 6
17 | RC2 - PORT C bit 2 24 1 RC5 ~PORT Cbit 5
18 1 RC3-PORT Cbit 3 23 | RC4 - PORT C bit 4
19 [RDO—-PORT D bit 0 22 | RD3 — PORT D bit 3
20 21

RD! -PORT D bit 1

RD2 —-PORT D bit 2
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APPENDIX E

GANTT CHART FYP 1

NAME

MOHD ZULKIFLI BIN HAMZAH

SID 5699
HIP 0199657030
E-MAIL paiizolitgif6ivanoo.com
TOPIC Heat and Rain Detection System for Power Window in Vehicle
No. DetailWeek 13 14
1 Selection of Project Topic
[
2 Preliminary Research Work
2.1 Infreduction
2.1.1 Background of Project
2.1.2 Define Problems Statement
2.1.3 Identify the Objectives
2.2 Literature Review
2.2,1 Background of Powet Window Mechanism
2.2.2 Sensor Module
2.2.3 Power Window Motor Module
2.2.4 Microcontroller Module
_{2.3 Project Methodology
=
3 Submission of Preliminary Report. # v
@
4 Seminar 1 {Optional) :E
8
5 Project Work it
§.1 Data Gathering and Lab Work £
§.1.1 Check Sensor and Motor functions s
5,1.2 PIC chip research =
§.1.3 Analyze the Programming
5.2 Project Analysis
[ Submission of Progress Report
7 Seminar 2 (Compuisory)
8 Project Work Continues
8.1 Heat and Rain Detection System Design
8.1.1 Set Constraint
8.1.2 Set Criteria and Specification
9 Submission of Interim Report Final Draft { soft bound )
10 Oral Presentation




APPENDIX F
FYP I WORK FLOW

Identify the requirement and Choose the
define the problem statement | >  Objective » Research

'y

Select
Alternative

Evaluate Consequences e dentify Alternatives

Set Criteria and

Specification [ ] Analysts

Set Constrain  jeess—

Meet
Requirement

Y
Project

Accomplish
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APPENDIX G

WEEKS

1 ( 15/2/08)

NO DETAILS
5 9 10 11 12 13 14 15 16 17
1 Sensors Circuits |-
Construction  §
- 2 Main Board -
E Construction .
g 3
5 Programming o
i
% 4 | Program the PIC
&)
5 Construct Power i =
Window
Structure
6 Assemble and = g
Troubleshooting ‘ .
7 Progress Report




Progress Report

8 2(21/3/08)

9 Draft Report
(14/4/08)

10 Final Report &

Technical Report

(30/4/08)

11 | Oral Presentation

(6/6/08)
12 Final Report

(20/6/08)




APPENDIX H
POWER SUPPLY TESTING

The Voltage of Car Battery

The Qutput Voliage of Power Supply Circuit
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APPENDIX 1
COMMENTED PROGRAM CODE

* Description:
The code demonstrates using library function for AD conversion.
10 bits result is using to move the stepper motor by angle (1.8 degree) and

using the sensor o detect water

* Test configuration:
MCU: PI6F877A
Dev.Board:  PICkit 2
Oscillator:  HS, 20.0000 MHz
Ext. Modules: x
SW: mikroC v 2.1.0.0

*f

W define 1/0
#define water PORTD.F7
#define waterl PORTD.F6
#define limit PORTB.F2
#define sw_up PORTB.F7
#define sw_down PORTB.F5

[fummmnmmn e function prototype
void step_stop();
void step_up();

void step_down();

ffmssammmmm e main prog

unsigned int temp_res;

void main{)

{
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OPTION_REG = 0x80; // disable interupt

ADCON1 = 0x80; // configure VDD as Vref, and analog channels
TRISA  =0xFF, // designate porta as input
TRISD.F7 =1,

TRISDF6 =1;

TRISD.F5 =0,

TRISD.F4 =0;

TRISD.F3 =0;

TRISD.F2 =0,

TRISD.F1 =0,

TRISD.¥O =0, // designate portd as output and input
TRISC = 0XFF, // designate poric as input

TRISB = 0x00;
Delay ms(2000);

while(1)
{
temp_res = ADC_Read(1); // Get results of AD conversion

if (sw_down==1)

{step_down();}

else if(sw_up ==1)

{step_up();}

else
{if (temp res >= 0x15E) // temp_res >= 36 degree Celsius
{ while(limit = 0)
{step_down();}
3
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else if (( waterl = 1) |[(water = 1)} // detect water
{ while (limit ==1)

{step_up(); } }

3

void step_down()

{
int a;

while( a < 200)
{

PORTB =0x09;  //rotation in cw direction
Delay ms(196);
PORTB = 0X0A;
Delay ms(196);
PORTB = 0X06;
Delay_ms(196);
PORTB = 0X05;
Delay_ms(196);
a=0,

at+

i step_up

void step_up()

{
int b;
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while ( b < 200)
{
PORTB =0X05;  //rotation in CCW direction
Delay_ms(196),
PORTB = 0X06;
Delay ms(196);
PORTB = 0X0A,
Delay_ms(196);
PORTB =0X09;
Delay _ms(196};
b =0;
b+t

}

Hemmmmmmmmamee step_stop

/*void step_stop()

{

while(1)

{
PORTB =0x06;  //hold the motor stepping
Delay ms(196);
PORTB = 0x05;
Delay ms(196);
PORTB = 0x09;
Delay ms(196);
PORTB = 0xA,
Delay_ms(196);

3
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APPENDIX J
PIC CIRCUIT
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APPENDIX K
ULN 2803 DATASHEET

TOSHIBA

ULNZ803,C4APG/AFWG

TOSHIBA Bipolar Digital Iegrated Cirettit - Sificon Monoiithic

ULN2803APG,ULN2803AFWG, ULN2804APG,ULN2804AFWG
(Manufactured by Toshiba Malaysia)

8ch Darlington Sink Driver

The TLN2203APG f ATWS Series are high—vnliage,

high-current darbington dvivers comprised of sight NPN

darington pairs

All units featyrs integral clamp dicdes for switching induetive

loads.

AppEeatiens include relay. hammer. lamp and display (LED}

Grivers.

The suffiy «GF appended 1o the part number reprezents a Lead

{Phi-Fres product.

Features
®  Curput current {single cutput)
300 A {3dex?

High sustsining veltage sutpus
30V Odind

ULNIRUIAR G
ULNZBOSARG

DI TE.P-300-2.54F

LNSE;CSAF‘ G
LNZECIAPHG

¢ Quepui slamp dicdes
® Inpuis compatible with various types of logie.
# Package Trpe-AFG : DIP-18pin SOLIF.300 1 27
# Packags Type-ATWG T 801L-13pin
Whaight
DIF18-P-300-2 £4F 1 1478 ¢ {Tvp.)
SOL1B-P—-300-1.27 1 0.48 ¢ (Typ.}
Pint Connection ({top view)
- Input Base Dasignat 01 0F 93 04 98 B6 OF  OF COMMON
fips Resistr esigraticn T2 [ 2L [R wkal m
ULN2BOIAPG § AFWG 27D TIL, &% CIO3 i !
ULN2804APG § APWEG Ak £~15 W PMOS, CRMCS ‘ * j j j »_? j j

AEANAREA
RN RORERDNHRERE

[T T [ R T

=f- l-};‘ao-T
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TOSHIBA ULN2803.04APG/AFWG
Schematics (each driver)
ULNZARZARSG | ARG ULN28DIARG F AFWG

Wm0 COMMAOM

T LT

1
¢

t
i
[
o
[
1ok
[
T %
e

)
GRE

Naote:

Absofute Maximum Ratings (Ta = 25°C)

]

WPaT

VoS
t 4
1) -
+ 7268
3 )
]

4

I

e P
EEREE * S

L e e =

i

S5

The input and cutput parasitic diodes cainot be used as clamp diodes.

Characterstic Symbol Rading Uit
Sudput sustaining voltage Mo i85 =0.5-50 Y
Output current bout &0 mé T eh
inpu voltage Wi -0.5-30 ki
Clamp diods reverse voltage. VR 50 Y
Clamp diode forward currant is &S00 mh
Pawer dissipation Ara Po il W

AFWG 0.9271.31 (Mote}

Uiperating temperature Topr =455 “3
Storage temperature Tatg -55-150 o
Note:  On Glass Epoxy PCB (78 % 114 » 1.6 mm Cu 20%)
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