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Abstract

For Senior Project, our mission was to

use the knowledge we have learned from
previous and concurrent courses to solve

or create a software and/or hardware
which emphasize on engineering design.
We first established a team which
consists of five members: Maung Aung,
ThanhThao Nguyen, Nam Nguyen,
Diun-Huang Chen, and Jenny Dang.

It all started when ThanhThao Nguyen
suggested an idea of having a coat that
would have the same concept as the
electric blanket. Like an electric
blanket, the coat would heat up on cold
days, and remain just a normal coat on
warm days. We thought the idea was
pretty interesting. We realized that if we
implemeded this, it would be a great
senior project. Undoubtedly, our
electrical engineering skills will be
tested with this concept of a coat fitted
with an electric heating element and a
control for temperature regulation. In
addition, this project would be a great

marketable and consumable product
because a user can stay warm with just a
single coat instead of having to wear
several layers of clothing.

After multiple discussions, we came to
the conclusion of using ThanhThao’s
coat idea. Due to the fact that this coat
will be able to warm up automatically,
we agreed on the project’s name to be
“Smart Coat”. The main aspect of the
Smart Coat is in the area of control
systems. Therefore, we asked Dr. John
Watkins to be our senior project advisor.
Dr. Watkins is currently a professor in
the Electrical and Computer Engineering
department at Wichita State University.
Dr. Watkins has been a distinguished
professor in the field of control systems.
Hence, he will be a great factor in the
success of our project.



1. Introduction

We wanted to use this project as our
inauguration to the professional world of
engineering. Therefore, we want our

process to be as professional as possible.

We tried to keep our minds set like an
inventor.

We have considered the demand of the
users. Throughout the project, we kept
focused on the purpose of this coat
which is to provide warmth, comfort,
and convenience of the consumer.

After researching and understanding the
concept of our project, we set goals and
physical specifications that must be met
for the successful completion of the
project. Originally, we had many
expectations for our project. We wanted
the total weight of Smart Coat to be less
than 2 Ibs, one hour of operation under
normal heating conditions, added mp3
player, and portable battery which can
be plugged into any computer’s USB
port to recharge. The coat’s temperature
must be measured accurately and
displayed on a LCD. In addition, the
coat temperature must regulate properly
after the input of the user.

After five months of working on the
project, we realized that we have to
lower our expectation for the project.
Originally, we had many outlooks, but
our expectations are too optimistic. To
complete the basic concept of a project
like Smart Coat, we need to have
proficient team members, ample time,
and financial support. Even though
we’ve already put much time and effort
into the Smart Coat project, we knew
having mp3 players and battery that is
chargeable by USB powered port is not
within our capabilities. As a result, the

goal of our project was changed to only
prove the concept that a temperature
regulated coat is feasible.

2. Designed Considerations

We anticipate that the Smart Coat might
affect the economy, sustainability,
environment, society, and health and
safety. From the start, we hoped that the
Smart Coat can be marketed and become
a necessity to every family in the world.
Most important, when Smart Coat
succeeds and is marketed, Smart Coat
can bring many job opportunities.

Hence, the economy will strive. We kept
our mind that the Smart Coat should be
manufactured with as little budget as
possible os that it's affordable to the
masses.

In addition, we are environmentally
conscious so we chose a rechargeable
battery unit for our project.

Rechargeable batteries are beneficial
because they are small, rechargeable and
recyclable. Nevertheless, all power
sources have the ability to shock, burn,
and cause fires; despite the fact, it is

only a battery. Therefore, safety greatly
impacted our design. The main
consideration was to determine the right
material which fulfilled requirements for
waterproof, non-flammable and

insulating covering. As a result, we

chose a coat made out of cotton. We also
programmed the temperature of Smart
Coat to be 85° F with the maximum
power consumption of 60 Watts.

As another factor of safety, synthetic
fabrics were used to cover all the heating
unit and controller circuit. Smart Coat’s
materials were determined using the
following considerations: electrical



insulation, heating effects under normal
conditions when use, and maximum
voltage and current capacity produced.

If Smart Coat will be manufactured, its
cost factor will definitely dependent
upon the battery. Usually, the cost of the
battery is inversely proportional to its
weight. To control the cost of the coat,
Smart Coat will be slightly heavier that
the normal coat. Nevertheless, this
difference is too minor, and it can be
ignored. As stated above, we want our
battery to be rechargeable because it

3. Assignment of Task Among
Members

Before continuing on anything, we had
to assign task for each member of the
group. Each member is required to do
extensive researches on the component
that they were assigned see Table 1.
ThanhThao was selected as the group
leader to oversee the requirement of the
project, the implementation of the smart
coat.

would be more efficient.

No Section Details of Assignment Member in Charge
1 PIC programming Analysis on user inputs (switches) Maung Aung
(I/O switches) Analysis on output to control heating
Flow chart and coding
2 LCD display Types of LCD (Lines / Segment) Diun-Huang Chen
Complete LCD circuit
Display technique / Output of PIC
3 Heating coil Power consumption Jenny Dang
How to link the heating coil and PIC
Coordinate with battery
4 Power supply Coordinate with heating coil Nam Nguyen
Power rating
Weight and cost analysis
5 Temperature sensors Types of sensors (Analog / Digital) ThanhThao Nguyen
Complete sensor circuit
Measurement / Input to PIC
6 Miscellaneous Circuit drawing for schematic and PCB, produce repo Maung Aung

Components, parts and tools

Improvement ideas

Programming tools

Produce report, documentation, and visual aid
Combining the whole circuit

Testing in a breadboard circuit

Diun-Huang Chen
Jenny Dang

Nam P. Nguyen
ThanhThao Nguyen
All members

All members

Table 1
Task Assignment
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4. View of Concept
LCD Heating Uni
Smart Coat has temperature sensors,

LCD display, and input switches. The —
basic concept is that if the temperature v 55° F Msgt]itr?glgnumt
of coat’s interior surrounding is lower t0 be 55° E.
than the desired temperature, the

heating coils will activate and heat up. Figure i
But, if the environment inner

surrounding of the coat is warmer than Digital Thermometer Reading

: At Coat
the desired temperature of the user, the
heating coils will shut off. In the The maximum heating temperature of
meanWh”e, the user can adeSt the the coat |S des|gned to be 85° Fto
desired temperature or disable the prevent burns to user. To prevent
heating unit at any given time. For electrical shock, all the circuitries are

example, when the user enters 55 F, as  protected with insulated material that is
the desired temperature, the atmospheric  waterproof and inflammable.

environment of the coat temperature
must be 55 F. Again, for the comfort and convenience

_ _ _ of the consumer, Smart Coat is
The surrounding temperature is referring  |ightweight and portable, and it is

to atmospheric temperature in the region  egpecially ideal for outdoor usage during

of the sensor. For example, if Smart extremely cold weather. In addition, if
Coat is placed in a room temperature smart coat is folded, it can be used as a
(~ 78 °F) condition; then, the interior heating pad or anything the imagination
surrounding or the atmospheric can carry.

temperature would be

78 °F. 5. View of Control Models

Refer to Figure 1 to understand the Like mentioned above, the main aspect
concept of Smart Coat. of our project is control systems. In
Hypotheorectially, the atmospheric Figure 1, you can see that the
temperature is 50° F, and the user wants  temperature of the user had keyed would
their coat to maintain at 55° F. Smart be the input of the system. Refer to
Coat enables the user to enter the desired Figure 2, the sensor will be activated.
temperature, and the heating unit will The sensor will consistently compare the
regulate the coat according to that environment’s temperature and the input
temperature. Input switches will serve as  of the user. Operation of the heating unit
a keypad for the users to enter the (or heating coils) will start when the PIC
desired temperature. As show in Figure  finds that the environment temperature is
i, they are up and down arrows. The colder than what the user had inputted.
digital LCD screen shows the user’s The temperature of our environment
desired temperature. would be the output of the system.
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6. Components of the Design

The Schematic Diagram of Controller
Circuit is shown in Figure 2. It includes
heating unit, temperature

sensors, battery, Liquid Crystal Display
(LCD) display, and input switches.
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Figure 3

6.2. Heating Coil Component

The heating coil will be similar to Figure
4. Heating coils were one of the
components that were affected by the
change of the original plan. Each pad are
consisted of a layer of waterproof vinyl,
a layer of non-conducting and
noninflammable felt, heating coils,
another layer of non-conducting and
noninflammable felt, and again another
layer of waterproof vinyl. We
participated to have three heating pads.
Two small pads were to be located on
the front side panels while a large pad is
located on the back panel. But after
testing the voltage and the amperes of
the battery, we realized that the 60W
power was not enough to heat up the

o2

—_~

User Input Switches

Figure 4
Heating Unit (Coil)



6.3 Temperature Sensors Component \Iva

One TMP36 temperatures sensor is used. ~ “WwF= TMP3E
It is a low cost 3-lead packages, and e 2 5.0
located near the keypad which is on the «— o
PC board. The TMP36 is low voltage, -3~ I ———
precision centigrade temperature | ]
sensors. Refer to Figure 6 and Figure 7, T
it can be used for single-supply _I_ 1 '
operation from 2.7 Vto 5.5 V. It can  Nour @ 40— 1emy
measure the temperature from —40°C to Vour @ +25T°F - 215my
+125°C. It does not require any external :

Figure 6

calibration to provide typical accuracies
of £1°C. It provides a voltage output that
is linearly proportional to the Celsius
(Centigrade) temperature. There are two
methods to convert from Celsius to
Fahrenheit degrees. It can be done by ij
programming inside the PIC —
microcontroller, which will receive the oauF L Vour
sensor voltage output. Secondly,

equivalence Fahrenheit Temperature

Configuration circuit (Figure 5) can be

used without the need of program to do
conversion. In our project, the first

method was used.

Output Voltage vs. Temperature

R2
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04 > ¥ 6.3. Battery Unit Component
02— 1
L]

s e e ™ The bgttery for .the .heatlng unit has the

Figure 5 fo!lowmg _sp_eC|f|cat|on_s (shown below).

It is the Lithium lon (Li-lor) battery

which is a rechargeable battery
commonly used in consumer electronics.
It has better energy-to-weight ratios, and
a slow loss of charge when not in use.
To save the cost, it will be directly

(Basic Celsius Temperature Configuration)



purchased from the manufacturer. It has
better energy-to-weight ratios, and a
slow loss of charge when not in use. To
save the cost, it will be directly
purchased from the manufacturer.

6.4 LCD Display Component

The LCD display used for our controller
circuit (Figure 8) is the 20 characters x 4
Lines display. It is clear LCD Display
with green color backlight. It has the
small character size 2.95 x 5.45 mm. It
also has a small dot size 0.56 x 0.66. It
has low power operation support 2.7 V
to 5.5 V. It can display a wide range of
characters.

Power Reset Up Down
Figure 8

6.5 Input Switches Component

There will be three switches used in the
controller circuit as in Figure 8. They are
the push-button switches. The purpose of

“Power” button is to switch on or switch
off the whole circuit. TheUp” and
“Down” buttons are to key-in the user’s
desired temperature. For example, when
the coat temperature %°F and the user
want to key-in60°F, the ‘Up” button

will be pressed times. To be user-
friendly, whenever the “Up" or “Down”
button is pressed; the increased or
decreased number will be
instantaneously updated on the LCD.

6.6 Programming Component

Most temperature sensors are set to
output the temperature in Celsius. If this
was to be a real manufactured product,
we hope for it to start in the United
States. Therefore, we had to find a way
to convert from Celsius to Fahrenheit.
To make it easier on ourselves, we used
the default Celsius output by the sensor.
We programmed our chip to convert
from Celsius to Fahrenheit values. In
addition, our program will display the
Fahrenheit values on the LCD display.
Before starting on the program, we had
to create a flow chart Figure 9. The flow
chart helped rationalize our program. It
also kept us to think logically throughout
the program. The formula required for
the program is shown Figure 10. The
program code for this subroutine is
shown below.
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Programming Flow Diagram

We programmed our chip to convert
from Celsius to Fahrenheit values. We
realized that to make the process of
debugging and verifying the results
much easier, the Celsius temperature
should be used. After testing the sensor,
we found out the scaling factor of the
sensor (Figure 10). The formula from

Figure 10 was used in our program.
Unfortunately, when we tried to convert
the temperature to Fahrenheit, our LCD
blacked out. We realized we don't have
enough time to try to solve this problem
so we decided to keep the temperature as

Celsius.




The TMP37 has an output scale factor of 20 mV/°C.

Sensor Output  Equivalence Temp Formula
(mV) (°C)
200 10 (200 / 20)
600 30 (200 / 20)
800 40 (800 / 20)
1000 50 (1000 / 20)
1200 60 (1200 / 20)
Therefore, Temperature (C) = Sensor Output Voltage (mV)
20 (mV/C)
Figure 10
6.6.1 Programming Component When the programming codes were

(Programming Process)

completed, the (input) temperatures had
two main subroutines. They are sensing

The assembly language was used to the coat temperature and comparing
program the microcontroller
(PIC16F917). It was done by the MPLab
IDE (v7.31) software, refer to Figure 11.

MPLab IDE v.7.31 (assembly)
programming

temperatures.

Temp Controller Circuit

Figure 11
Programming Process
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6.6.2 Programming Component
(Programming Code)

Throughout our electrical engineer Among all of us, Maung had understood
career, we haven't had much experience  assembly language more extensively. He

with programming. Therefore, we chose was a big player in getting to code to

to write our program in assembly work properly. The script below is our
language. After getting our logics program which is used to control our
established, all members of our group sensor.

got together and learned how to write a
basic assembly language program.

rkkkkkkkkkkkkkkkkkkkhkkhkkkhkkkhkkkkkhkkkkkkhkkhkkkhkhkhkhkkkkkkkkkhkkkhkkkhkkhkkkhkkkhkkkkhkkhkkkhkkhkkkhkkkkkkkkkkkkkkhkkkkkkkkx
’

; Main Body Starts Here
;*******************************************************************************************
CALL INTRO ; LCD will display “Smart Coat” for 3
seconds
CALL LCD_HOM
CALL DelayBig

CALL MENU ; LCD will display the user menu
BEGIN CALL SENSOR ; Measure the temperature
CALL TEMPS ; Display it
CALL COMPARE ; Compare and Control
SW_ONE BTFSS PORTD,0 ; SWO0=Decrease Button is
pressed?

GOTOSW_TWO

BSF PORTD,3
DECF USER_TEMP,1
CALL Delay20

BTFSC PORTD,0 ; De-bouncing switch check
GOTO$ -1
BCF PORTD,3
GOTO BEGIN
SW_TWO BTFSS PORTD,1 ; SW1l=Increase Button is
pressed?
GOTOBEGIN

BSF PORTD,2
INCF USER_TEMP,1
CALL Delay20

11



BTFSC PORTD,1 ; De-bouncing switch check
GOTO$ -1

BCF PORTD,2

GOTO BEGIN ; Stay in the loop

rkkkkkkkkkkkkkkkkkkkkkhkkkhkkkhkkkhkkkkkkkkhkkhkkkhkhkhkhkkkkkkkkkhkkhkkkhkkhkkkkkkkkhkkhkkkhkkhkkkkkkkkkkkkkkkkhkkkkkkkk
’

; Main Body Ends Here

rkkkkkkkkkkkkkkkkkkkkkhkkkhkkkkkkkkkkkkhkkhkkkhkhkkhkkkkkkkkkkhkkhkkkhkkhkkhkkkkkkhkkhkkkhkkhkkkkkkkkkkkkkkhkkhkkkkkkkk
’

SENSOR  CLRF ADRESH

BSF STATUS,RPO ;Select Bank 1
CLRF ADRESL
MOVLW B'01110000 :Set the clock frequency -

Page#147 of Data Sheet
MOVWEF ADCON1

BCF STATUS,RPO :Select Bank O

MOVLW B'10000001" ;1[ADH<1-0> ADL<7-0>], Vss,
:Vdd, ANO - Page#146 of Data
‘Sheet

MOVWE ADCONO

CALL Delay255 ;‘Wait min sample time

BSF ADCONDO,1 :Start conversion

BTFSC ADCONO,1 :Is conversion done?

GOTO$-1 :No, test again

BCF ADCONDO,0

BSF STATUS,RPO :Select Bank 1

MOVFADRESL,W ‘Read lower 8 bit

BCF STATUS,RPO :Select Bank O

MOVWF COAT_TEM1

BSF PORTE,2
CALL Delay20
BCF PORTE,2
RETURN

12



7. Testing and Conclusion

The Smart coat was originally built on a
breadboard for initial testing. Then, a
prototype was assembled and integrated
onto a PC board. Because Wichita State
University wasn’t able to help us create
one, we had it do it independently. Nam
was able to create a PC board for us at
his workplace.

The board is much lighter, more
condense, and looks a lot more
professional than a breadboard.
Unfortunately, we had a little glitch after
we transfer it onto the PC board. For
some reason, the LCD display kept
flitchering. It seems like something is
touching each other and creating the
effect. We didn’t want to risk it,

therefore, we transfer all the components

back to the breadboard. We figured, we
rather prove our project works than have
a pretty, but malfunction project.

Finally, it's time for the testing phase.
We placed our PC board and a
thermometer in a closed box. Naturally,
the closed box and the thermometer
served as the control variable.

Table 1 shows the life of the battery. As
you can see, the longest time that the
battery can last is roughly around 20
minutes. Originally, we wanted the
battery to last for at least one hour so we
were a little disappoint. But we were
very happy with the temperature output.
We tested our sensor by comparing it's
temperature with the thermometer as
shown in Table 2.

Testing Life of a 48 Watts Battery with Smart Coatset at 23.9 °C
Environment Temperature ( °Celsius) Time when bat&ceeds (mins:secs
32 20:36
27 20:03
24 15:33
21 10:01
16 7:35
Table 1
Testing Accuracy of Sensor
Environment Temperature ( °Celsius) Sensor Temper§t°Celsius)
32 33.5
27 30.75
24 28.25
21 20
16 18.5

Table 2
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You might notice that we’ve tested the
battery under an environment
temperature. What we mean by the
environment temperature is the
temperature we've control inside the
box. We've used a professional hair
dryer so it can heat the environment
inside the box up to 32 °C (converts to
90 °F). And we used ice to apply
coldness to the box to 16 °C (converts to
70 °F.) Obviously, you can see the flaws
in our testing. Controlling the box at a
constant temperature is extremely
difficult. We had to overheat or chill the
box. Then, we waited for the box to get
to a particular degree that we wanted it
to be at. For 32 °C instance, we blowed
dry the box so that it reached 35 °C.
Then, we waited for it to be cool down
until 32 °C. Immediately, we looked at
the sensor’s display.

You might of notice that we’ve used the
temperature of the environment instead
of the heating coil unit. It turns out that
when we used the heating coil unit, it
takes a long time to heat up. We could
not perform the testing if the
environment temperature has a 3 degrees
difference than the desired temperature.
For instance, when we try to perform the
experiment under 32 °C, the battery had
died before the heating pad had even
reached 27 °C. We think this happens
because the battery supply enough
current to the heating coil unit. We were
very disappointed.

You must wonder, how much it cost to
make this project possible? Well, to be
honest, it didn’t cost as much as we
thought it would. The components and
pricing required for our design are
shown in Table 3. The electrical
equipments tools for our design are
shown in Table 4.

No | Description Name Qty Cost Note
Temperature sensor TMP37 2 $2.1D (Analog) Velt@gtput
Rechargeable Battery NiMH 1 $50 66 Watt Hr, 33,5000 mAh
Heating Coil Dunlab 1 $20
Heat-resistance cover Heating Pad
4 Resistors 10k 15 ~$2
1k 15
470 05
5 Capacitors 100nF 4 ~$2
22pF 2
6 LED Green Yellow 1 ~$1
1
Push Button Tactile SW 5 $5 41/0 and 1 Reset
LCD NC1602 1 $10 12 1/0 between LCD and PIC
PIC Microcontroller PIC16F917 1 $3 40 DIP, 3gittl/analog I/O
10 PIC Programmer PICSTART 1 $50 It is USB powered MPLAB IDE
Plus compactable programmer.
11 | Coat 100% Cotton Coat 1 $25
Total Estimated Cost $111.0¢
Table 3

Electrical Components and Parts List
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No Description Qty Estimated Cost Note
1 | Digital Multimeter 1
2 | Bread Board 1 Our group is provided with
3 | Soldering tool 1 $20 . the toolbox.

_ It includes all these tools fo
5 | Jumper Wire 1 packet
6 | Wire Cutter 2

Table 4

When we first began this project, we all

Equipment and Tool List

had great enthusiasm. We knew our
concept of our project was very exciting.
If we were able to prove the concept and
have it working, we would be more

confident to step out into the real world

with our knowledge in engineering.

Even though our Smart Coat didn’t turn
out exactly the way we would like it, but
we believed that our project was a
success. We all have forced ourselves to
learn Assembly Language, learn to
search for help, research and develop a
project that not much people know

about, and learn to prioritize our time.
Mostly importantly, we learned to work

in a team.

We've never expected that working in a
team would be so hard. It was especially

tough when it comes to prioritizing our

schedule. All our group members has a
job so finding the time to get together
was such a big issue. Some times it was
so bad to the point that we had
miscommunication and arguments.
Although, those times, has helped us
bonded even closer together.

15

At the end, we had put everything aside
and worked sturdily together as a team.
We had proven that this concept was
possible.



