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I ntroduction

a. Motivation

Cooking is traditionally a manual process thatmftequires the cook to follow a set
of instructions. However, this process is highlgne to fluctuations in execution. In
the case of an inexperienced cook, this proceatsesdaunting and prone to errors.
As such, we decided to design a system that ggraatomates the cooking process

to address these issues.
b. Benefitsand Features

The goal of this project is to create a simple aaft interface that guides a person
through the process of cooking as well as makedlo&ing process more convenient.
Thus, the stove will be partially automated witlstmctions that are displayed to

prompt and facilitate the cooking process.

Furthermore, we intend to assimilate smart-phontsthe interface of the stove so as
to take advantage of the data-sharing capabilitiesrent in such platforms. As such,
our design will allow a user to launch an Androppkcation, choose a recipe from a
pre-existing database of recipes, transfer it dige®oth to our cooking device. The
user will then be able to start the cooking proosgh most of the required heat
settings automated. As mentioned earlier, the uskéralso be prompted with the

cooking instructions on a LCD.

Benefits

- Provides more convenience in the cooking proessshe user does not have to
change the heat level manually.

- Simple and intuitive user interface

- Guides users through the cooking process vialcson prompts on LCD

- Potentially increase the success rate of cookidgh for inexperienced cooks.



Features

- Single burner electric stove, AC input.

- Power management unit which connects to wallebutiontrols power input to

the stove, and powers controller and peripherals.

- Temperature IR sensors.

- Proximity IR sensors.

- LCD for cooking instructions/status.

- Microcontroller to process the state of the syséad provide necessary outputs.

- Buttons to control the state of the system/adganmext cooking stage.

- Bluetooth connectivity to extract electronic peifrom an Android device that has

the app we created, ‘SmartStove’



[I. Design

2.1 Block Diagrams

Figure 1. Block Diagram of the Design



2.2 Block Descriptions
- Overall Schematic

For our system, the Power Management module istswlfrom the rest of the system as
illustrate by the dotted box. Every component ia tlotted box will have power supplied

from the Power Management module. All power floweapresented by the sole red arrow.

Looking at the controller model, the arrow goingthe display represents the recipe steps
that will be sent over to the Display module todigplayed on the LCD. The arrow going
from the controller module to the stove module espnts the PWM signal. The arrow
coming on from the Input Interface Module represetiie recipe data that will be
transmitted to the controller via USB. The con&plill also receive sensor signals from
the Sensors module as shown by the arrow going thenSensors module to the Controller
module. Lastly, the arrow going from the Stove medio the sensors module represents

analog inputs from measuring temperature and locatf stove.

- Controller Module
The controller module is responsible for receivihg recipe from the input module and
processing the information received. In additidrghould respond to buttons presses from
the user. It will also receive signals from thexnaty sensors and the temperature sensor.
The controller will process all these informatiomdaoutput a PWM signal to control the
stove.
Master State Machine

Program

prog done &8 shar

program

detect && confinue

Ope

rate done && continue

Start/Resel

Figure 2. State Diagram of Controller Module



Control Signal Descriptions:

No. | Control Signal | Description

1. | program “program” button is pressed

2. | start “start” button is pressed

3. | reset “reset” button is pressed

4. | continue “continue” button is pressed

5. | back “back” button is pressed

6. | prog done Flag set when the Arduino programnsrimished

7. | detect Flag set when a cooking vessel is detéctihe last 10 seconds

8. | operate_done| Flag set when the recipe is fidishe

9. | protection Flag set when stove exceeds maxinemmpérature (200 degrees C)

Table 1: List of Control Signals

State Descriptions:

1.

Startup

- Initial state upon turning on device.

- Controller, LCD active.

- LCD prompts user to program controller via Bluetoot

Program

- Receive new recipe from Bluetooth module and useprogram the controller.

- Controller, LCD, Bluetooth powered active.

- LCD displays programming progress, prompts ussetw data/continue.

- Bluetooth module sets flag when programming is daimil flag is set, button
presses are not registered.

Start/Reset

All systems ready for cooking process.

Controller, LCD, sensors active.

LCD displays recipe title, status, and sensor dutpu

Only possible to transition to operate if cookiregsel is detected.

Operate

- State used for cooking process.

- Controller, LCD, sensors, stove active (heat cdietidoy PWM).

- LCD displays cooking instructions, cooking progressd food temperature.

- Continue/back goes to identical “Operate” statéhwame behavior but different
requirements, with as many “Operate” states asengiecipe requires.




Operate State Specifications:

1. Maximum/Desired Temperature
The appropriate/maximum temperature for a singtkicwy step. A zero
maximum/desired temperature means that no temperiatget, with the maximum
operating temperature as the limit (200 degrees C)

2. Desired Heat Level
Heat level required for a single cooking step, odtgd by setting the duty cycle of a
PWM output which goes into an electromechanicayré¢hat controls the stove.

3. Prompt Message
Message displayed on LCD.

4. Advance Condition
Required condition to advance to the next state.cdmnditions are based on time,
temperature, or continue/back button presses.

Power Management Module

The power management module is responsible forenting the output voltage from the
wall outlet (12¥,.,,,5) into the appropriate voltages for the various mes. To convert the
voltage into the appropriate ratings, we will impknt an AC/DC converter by first
stepping down the voltage output from the wall etutb 20/.,,s. We will then rectify and
filter this voltage to obtain a DC profile of abd®8Vp. Since most of the other modules are
powered by the FPGA controller or Adruino boards,then implement a Buck Converter to
step down the voltage from 2§ to "Vpc to power these boards. The output from these
Buck Converters is then connected to the other hesds a power source.

Stove Module

The stove module consists primarily of the eledicner which is the medium for heat to
be transferred into the cooking vessel. This moailedirectly draw power from the wall
outlet since the burner requires 1000W to opetaypassing the AC/DC converter in the
power management module. Furthermore, the stoveulmodill be fitted with an
electromechanical relay that receives the PWM $ifman the controller module. This
serves as a PWM mechanism to control the amountiwént within the stove and hence,

regulate the temperature of the stove and the ngolassel.



- Display Module
LCD receives input from the controller module andpthys instructions, status and food
temperature. The food temperature displayed onL@@® should be close to real-time as

appropriate measures are to be taken if the cdimedttemperature is not attained.

- Input Module
The input interface module consists of buttons @edBluetooth Shield which is connected
to the Arduino, which is then connected to the algr module via USB. The Android
device will send data via Bluetooth to the Bluekootodule which consists of the Arduino
and a Bluetooth shield. Signals from the Bluetaotidule as well as button presses will be

sent to the controller module via USB to be proedss

. Bluetooth

Figure 3: Block Diagram of Input Module

- Sensor Module
The sensor module controls the proximity and tewapee sensors, conditions the signals
from the sensors, and sends them to the controitetule. The following sensors are

used:
- Two IR proximity sensors sense the presence ofokiog vessel on the stove and

communicate with the Arduino via two ADC ports.



- One IR temperature sensor monitors the temperatutee heating element on the
stove and communicates with the Arduino using awiwe SMBus protocol.
- One IR temperature sensor monitors the temperafuhre food in the cooking vessel

and communicates with the Arduino using a two-v@MBus protocol.

2.3 User Interface
The user interface will consist of the display miedand the input module. The monitor will
display cooking instructions and useful informationthe form of recipe title and details,

time elapsed, and burner/food temperatures.

"'\'I
Recipe: Bourbon Chicken Burner Temperature
Time Elapsed 190 C
Cook Time: 20 minutes
2:28 Food Temperature
Servings: 4 164 C
o ™
Step 3 of 16:
Add chicken pieces, stir occasionally until browned.
Press CONTINUE when chicken pieces are browned.
5L -
K =
_"‘-\.\I
o . . . .
S =4

Figure4: User Interface



2.4Component Schematics, Smulations and Calculations

- Power Management Module

The main purpose of the power management modute eéenvert the AC source from the wall
outlet into the appropriate DC source for the wagsicomponents. As mentioned earlier, we will
first step down the voltage from the wall outlet2dv,,,;. We will then rectify and filter this
voltage into a 28, source. Finally, the 28, source will be stepped down to meet the voltage

specifications of the other components.

In order to evaluate the appropriate DC voltageneed to convert to, we compiled a table of

estimated voltage and current ratings for the w&ricomponents in our system.

Component Voltage and Current Rating
Temperature Sensors 5V@ 1.5mA

Proximity Sensors 5V @ 30mA

Bluetooth Shield 2.8-35V @ 3-100 mA
LCD 2-3.6V@ 18-28 mA
Arduino 7-12V @ 40 - 50 mA

Table 2: Voltage and Current Rating of System Components

As can be seen from the table above, most of thgoaents have a voltage rating that does not
exceed 12V. Furthermore, we note that most of theponents, such as the sensors and
bluetooth shield, will be connected to the Ardubward. Hence, most of the components can be
directly powered by the controller boards. We thiesided to build a Buck Converter that
converts the 2&,. source into a V.. We chose to step down to a value of 7V insteathef
minimum of 5V because the controllers will furthhegulate the input voltage to a value lesser
than 5V.

In view the ratings analysis performed above, weidd®l to implement one AC/DC converter
and 3 Buck Converters (for the 3 Arduino boards)hiea power management module. We will

also be using the following components to redueecttimplexity of our design:

e 241-4-20 Power Transformer
* LM2576 Simple Switcher

10



AC/DC Converter

The AC/DC converter will convert the voltage of 12Q.from the wall output to a voltage of
28Vpc. We decided to follow the center-tapped full wakensformer due to its simplicity of

implementation. The schematic of the AC/DC convages follows:

K1

K_Linear

COUPLING = 0.95 R3 D1
R1 B s m[ﬁ R4
Wiy
VOFF =0 e L3
VAMPL =17 1H D3
FREQ =60 = o D1N5240
?0 800u
L2
1 32 95mH
0 R2 D2 0V
5 02

Figure5: AC/DC converter schematic

Using the NI reference for basic calculations &uck Converter [2], we note that the minimum

required capacitance for the filter is

oo b
" B AV

where\l; is the estimated inductor ripplé, is the switching frequency of the converter and
AV,,: is the desired output voltage ripple. In our systeve specify a desired output voltage
ripple that is 1% of the expected output voltage. &éo note that the switching frequency of the
converter is 50Hz from the datasheet. Althodghis an unknown, we can approximate it as 0.3
times of the maximum output current from the Nlerehce [2]. As such, the minimum required

capacitance is

_0.3(300mA)
Cmin = 8(50Hz)(28)(0.01)

= 795uF

11



From our calculations, we choose to use a capaitiadris rated with a capacitance of 860
Furthermore, a Schottky diode with an average foidwaurrent rating of 300mA is

recommended and this can be easily obtained.

Given the specifications of the transformer, cajpa@nd diode, we proceed to do a simulation

of our circuit. The simulation results are as shown

145ns

Figure 6: Waveform of Regulated Voltage

Buck Converter

The Buck Converter will convert the input voltage28V, to an output voltage ofVhc. In
order to implement the switching function of a stam Buck Converter, we will be using a
LM2576 Series Simple Switcher 3A Step-Down Voltagegulator. The schematic of the

AC/DC converter is as follows:

12
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Z 2
eV ‘OOUT ANV 4
— 22 4uH
- ()
LM2576X/TO220
/N D1 — C1
D1N5822 103u

-0 -0 -0 Y

Figure 7: Buck Converter Schematic

Using the NI reference for basic calculations &uzck Converter [1], we note that the minimum
required capacitance for the converter is

Crmin = Sf%

N out

whereé\l; is the estimated inductor ripplé, is the switching frequency of the converter and
AV,,: is the desired output voltage ripple. As with h&/DC converter, we specify a desired
output voltage ripple that is 1% of the expectetpouvoltage. We also approximaié, as 0.3
times of the maximum output current of 3A for th12576 Simple Switcher. Furthermore, the
datasheet specified the use of 52kHz in calculatiegspecifications of the Buck Converter. As

such, the minimum required capacitance is

Conin = 03B34) =309
min = g2kHD) () 0.01) SO HE

From our calculations, we choose to use a capatitis rated with a capacitance ouB3

Next, we need to calculate the required inductaficethe Buck Converter. From the NI

reference, the required inductance for the conveste

Vin(Vin - Vout)

L =
AlLfVin

13



where\l; is the estimated inductor ripplg, is the switching frequency of the convertés, is
the input voltage andl,,; is the output voltage. Given an input voltage 8%¥2and an output

voltage of 7V, the required inductance for the BG@daverter is

_ 7(28 — 7)
L= (0.3)(3)(52kHz)(28)

From our calculations, we choose to use a capattitiris rated with an inductance ofurh

= 74.8uH

Furthermore, a Schottky diode with an average foiveairrent rating of 2A is recommended and

this can be easily obtained.

Although we were unable to do the simulations oRIRE since the schematics of the LM2576
Simple Switcher is not available, we used the satoh results from the datasheet [1] as a
reference in understanding and analyzing our depagameters for the Buck Converter. The
following simulation is for a Buck Converter withl@ad current of 3A and an output voltage
change of 100mV:

ot +100 mV

Voltage 0
Change

—100 mY

3A

Load 28

Current 1A

0

100 ps/div

Figure8: Buck Converter Waveform
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- StoveModule

For our stove module, we will be using an elecBiogle Coil Toastess THP-517 stove
that consumes 1000W. Furthermore, the current ggpd the stove does not need to
have a DC profile for proper operation. As such,wike bypass the AC/DC converter in
the power management module and supply the stotle pawer from the wall outlet
directly.

In order to implement the PWM feature on the stowse will be using an
electromechanical relay to control the duty cydléhe AC supply. The relay that we will
be using is a single pole, double throw (SPDT)datp to 22V,,s @ 20A. When a
current is passed through the coil, the switch Wl activated, providing an effective
means of controlling when the AC supply is chanthétethe stove. Although the relay
will produce an audible click when in operation, iwgend to mute it using the metallic

casing of the stove as a soundproof medium.

To operate the relay efficiently, we need to sugbly to the coil. The following table
shows the coil data rated at 1W for various voltsgings.

Coil Data - 1 Watt

Nominal DC Resistance Nominal
Voltage + 10% (Ohms) Current (mA)
5 25 200
9 81 111
12 144 83
18 324 56
24 576 42
48 2,304 21
110 12,100 9

Table 3: Rating of Coil at Various Nominal Voltage
As we can see from the table above, the currentinegjat 5V is 200mA. However, the
output signal from the PWM pin of the Arduino bogdated 5V @ 40mA. As such, we
will need to amplify the input current to 200mA.i3ttan be achieved using a common

emitter amplifier. The schematic of the common &miamplifier is as follows:

15



g R2 /N D1
25 D1N1190
R1 }/V
. Q1
% AN ’ '\\ 0.7
V1 700

=

-0

Figure 9: Amplifier Schematic

As can be seen from the diagram, we model the r&dag resistor with a resistance of
25Q as indicated in table 3. To calculate the resc#adRl from the schematic above, we

note that the BJT is in saturation when a 40mAaigssent to the base. By KCL,
- Vin - VBE
5 R1

Thus, by rearranging the terms, the required @sist for our amplifier is

Vi —Vge _ 5—0.7

R1 = =
is 40mA

= 6450

From our calculations, we choose to use a redisadris rated with a resistance of 00
Furthermore, a Schottky diode with an average foiweurrent rating of 300mA is
recommended and this can be easily obtained.

16



- Input Module

We will design an app on the Android platform cdllé&SmartStove”. The stove will

consists of 6 preloaded recipes frotp://www.food.conthat the user can choose from.

The app will consist of 3 different views (actie). When the user first opens the app,
there will be a dropdown menu for the user to gdlee recipe he wants to cook and an

URL field for him to view any recipe fromittp://www.food.comMwith the £' part of the

URL already pre-filled. Depending on which radicttbu is selected, the View Recipe
button will take the user to either view 1 or viévas shown in figures 11 and 12 below.
With the URL radio button selected and a recipe Ulutted into the field, the user will

be able to view the recipe and be able to helpriburte a translation to our database for
review by us after pressing submit. If the userodes a recipe from the drop down
menu, it will bring him to another page with theipe steps as well as a Cook button

which can be pressed if the user decides to caskehipe.

-

N (e N N

Bourbon Chicken

.

http://www.food.com/ O Directions: Directions:
Choose a Recipe |V | ©O 1) Example heat oil 1) Heat oil in large skillet
2) Example add chicken and 2) Add chicken pieces and

fry for 20 minutes cook until lightly browned

3) Remove Chicken

View

AN R AN

Figure 10: Home Screen Figure1l: View 1 Figure 12: View 2

However, as the feature of having a user being eblsubmit a translated copy of a

recipe is not an integral part of our project, wiltle most important parts lying in the

17



hardware design, we may or may not implement ahdt allows a user to help us

translate a recipe and submit it to us for vertfaa

For the manual translation of the recipe to somethhat is easier for our code to
understand, we will be following the operate stapecifications closely with slight

modifications.
We will break each step of the recipe into thedwihg 3 parts:

1) Desired heat level
2) Ingredients to add/remove(LCD display)
3) Advance condition
a. Duration
b. Condition
c. User presses continue button(for subjective cookiegs such as ‘cook until

lightly browned’ or ‘until well mixed and dissolvgd

Desired heat level will contain keywords such aathieigh, heat_medium, heat_low and
heat_level_oiletc to indicate the heat setting iregui If it is the ' step of the recipe,
there will be a startup time for the desired heael to be reached before the prompt
message to add in thé' ingredient comes up. For the following steps, it mclude
keywords above and also others such as heat_prdgw(ge with the previous heat
setting), heat_reduce and heat_increaseetc

The prompt message step will simply be add or renseertain ingredient and this will
be displayed on the LCD.

For the advance condition, it could come in therf@f duration, condition reached or
when the user presses continue. Duration will beolaibe time, such as ‘boil for 20
minutes’. Condition will be for steps such as ‘Uhiard boil’ or ‘until simmering’. For

other cooking conditions that we deem too subjective will let the user decide when to

continue by pressing the ‘Continue’ button.

For all the steps, the LCD will display to the usérat the system is currently doing.

18



- Sensor Module

Sharp GP2Y0A21K IR Proximity Sensor

Analog output

GP2Y0A21YK
GND Vg 5V
PSD iooooooooo - 1
il | Sanal || vottace
fL,,,‘ : circuit regulator
i Oscillation T’
|
I

circuit circuit

circuit
E LED drive t Output

Distance measuring IC

Figure 13: Proximity Sensor

Figure 14:Block Diagram of Proximity Sensor

The GP2Y0A21K consists of an IR emitter and deteatal an o-package distance measuri
IC. It detects the intensity of IR light reflectetf a surface and calculates the distance fron
sensor to the surface. The GP2YOA:! provides an analog output voltage and will commaita
with the controller via an ADC. The analog outpuitage response with respect to surt

distance is shown below:

GP2Y0A21YK

m—— White paper
3 (Reflective ratio:90%)
- \ = === Gray paper

(Reflective ratio: 18%)

2

o D

-

\\

£ 2

=L\

2 15

= 7 \

= \

= ! "

z N

0.5 —

0

0 1020 30 40 50 60 70 80

Distance to reflective object L (cm)

Figure 15: Analog voltage response of proximity sensor
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Pinouts:

1. Vcc (4.55.5V supply voltage

2. GND

3. Vo (Analog output voltac

GP2Y0A21K Parameters

Parameter | Symbal Condition: Minimu | Typice | Maximum | Units
m I
Distance | AL 10 - 80 cm
Measuring
Range
Output Vo L=80 cmr 0.25 0.4 0.55 \%
Voltage
Voh High output voltag Vce-0.3 | - - V
Vol Low output voltag - - 0.6 V
Output AV Output change from L=80c/ | 1.65 1.9 2.15 \%
Voltage to L=10cn
Difference
Dissipation | Icc L=80crr - 30 40 mA
Current
Table 3: Specifications of Proximity Sensor
Vee

(Power supply) ——

Distance
measuring
operation

Vo (Output)

38.3ms+9.6ms

First measurment

Second
measurment

L nth
)) measurment

_____________

N\

1
First output X Second output X\ nth output

Unstable output
5.0ms"*(GP2Y0A21YK)

7.6ms+1.9ms" "™ (GP2Y0D21YK)

Figure 16: GP2Y0A21K Timing Diagram




Meéelexis ML X90614-ACA-000-TU IR Thermometer

. e
ba W e

ey
Bottom view

Figure 17: IR Thermometer Figure 18: IR Thermometer Bottom View

The Melexis MLX90614ACA-000-TU is an IR thermometer for n-contact temperature
measurements. It consists of an IR sensor, an EBmibpile detector IC, and a sigr
conditioning ASSP IC with an internal DSP and ah-resolution 17kit ADC. It measures

weighted average of all temperatures in its fidldiew (FOV), with peak sensitivity located
an angle of incidence of 90 degre

Point heat source Sensitivity
,. 100%

' 50%

“Field Df View

Angle of incidence

Figure 19: Field of View of IR Sensor

The IR sensor consists of se-connected thermocouples with cqldchctions placed at thic
chip substrate and hot junctions placed over arttembrane. IR radiation incident on the set

heats or cools the membrane and the thermopilectdetproduces an output voltage Vir
follows:

V, (Ta,To)= Ax(To* - Ta*)

21



To and Ta are object and sensor die temperaturparfll A is the overall sensitivity of the
sensor. The output voltage of the thermopile trexnes as an input to the internal DSP, which
calculates the corresponding ambient and objegpéeatures and produces digital outputs. The
sensor will communicate with the controller througlwvo wires using the SMBus

communications protocol.
Pinouts:

1. SCL/Vz
Serial clock input for 2 wire communications praibc

2. SDA/PWM
Digital input/output. In PWM mode, the measuredesbjtemperature is available at this
pin as a pulse width modulated signal. In SMBus endlde pin is configured as an open
drain NMOS.

3. VDD (5V)

4. VSS (GND)

22



[11.  Requirementsand Verification

3.1 Requirementsand Verification

Controller M odule Requirements Verification

1) Controller module displays correct statS8imulate state machine using the 6 recipes|and
transitions and PWM outputs with |&imulated button presses and sensor outputs as
recipes. well as expedited time frames and monitor [the

states as well as the PWM signal.

2) Controller module reverts to Start/Res&imulate reset conditions and verify that the
state when the temperature exceeds | 288te machine goes to the Start/Reset state.
degrees C or when the cooking vessel is

not on the stove for 10 seconds.

Power M anagement M odule Requirements | Verification

241-4-20 Power Transformer should: Connect output signal from the transformer

a. Convert 120, to 20V . into a power probe

b. Have a maximum operating current of  a. Voltage measured of output signal|is
300mA 20Vt 1%
b. Current measured of output signal is at

maximum of 300mAt+ 5%

Rectifier and Filter should: Connect output signal from the filter into an

a. Provide a DC profile of 28V with aoscilloscope

ripple voltage of +0.3V from the a. Voltage measured of output signal|is
20V, SOurce. 28V + 0.3V
Buck Converter should: Connect output signal from Buck Converter
a. Convert 28pcto 7Vpc with a ripple| into an oscilloscope
voltage of+0.1V a. Voltage measured of output signal|is
b. Have an output current of 3A. 7V £ 0.1V
b. Current measured of output signal|is
3A+ 1%

23



Stove Requirements

Verification

Modified stove should boil water as fast as t

original stove

we will measure the time taken for t

the original and modified stove with

tolerance oft 5%

n&Ve will measure the time taken for the origi
stove to boil 1L of water at various he

settings. When the modified stove is in pla

modified stove to boil 1L of water. The tin

taken to boil water should be the same for 4

nal
at
ce,
he
e
oth

a

Electromechanical relay should switch

effectively with 1W of power dissipated into

Connect a 1W power source across
telectromechanical relay and measure

resultant voltage to see whether the relay
been switched. This test will be performed
times and assert that the relay is work
correctly if the relay has been switched 909

the time.

the
the
has
10
ng
of

Electromechanical relay should respond to
PWM signal with a delay tolerance &f 10%
of the period of the PWM signal.

t@®nnect both the output of the PWM sigt
and the relay into an oscilloscope. Measure
time difference between the two signals &
verify that the delay is aroungt 10% of the
period of the PWM signal.

nal
the

and

Display Requirements

Verification

Display must show correct image when th

associated signals are sent from the contro

eRun a test program that displays 50 charag
leomprising of letters, numbers and spe
symbols on the LCD. The test program will 1
10 times on the LCD. Observe the LCD 3
ensure that the set of characters are corr¢

displayed 90% of the time

ters
cial
un
ind
2ctly

2
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Input I nterface Requirements

Verification

There must be internet connection on th

Android device

eédpen any web browser on the Android device antet
URL bar, type www.google.com . If the page opens,
internet connection has been established. If motged
to settings->Wi-Fi and turn it to ‘on’. Then selecte of

the available networks for connection.

The Android app, “Smart Stove”, must b
able to display the recipe steps that the
user has chosen to preview.

é0pen “SmartStove” then choose from the given list 0
recipes. Proceed to press the “View Recipe” budimth
check whether a new screen pops up displayingtéps

of the recipe.

Android device must be able to send datd&ower on the Arduino. Connect the Arduino to the

over Bluetooth to the Bluetooth module
and the Arduino must be able to receivé

the data accurately

laptop via USB. Open the Slave.pde code provided K
the Seeed library. Upload the code then open tha se
monitor.

On the Android device, download the app “Bluetooth
SPP” available on the Play Store. Open the appauid
for the device with the name “SeeedBTSlave”.

We will attempt to transmit 10 ASCII charactersnfro
inside the “Bluetooth SPP” app to the Arduino. Ghec

that the input characters from the Android devigpear

—

[72)

y

on the Arduino serial monitor on the laptop, viezsa.
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Sensor M odule Requirements

Verification

1) Proximity  sensor  provides 3
appropriate analog output according
the distance between the sensor ar
given surface, with no identical outpu
for two different distances above

cm.

irlConnect the output of the sensor to
tmscilloscope. Observe the output when
cwface is placed on 11 different positig
tperpendicular to the sensor from 10 to 15
Lvith .5 cm intervals. Verify that the outp
voltage at each point is within +10% of t
values in the manufacturer-supplied voltage

distance plot.

2) Proximity sensor interfaces correc|

with the Arduino and the sens
module generates correct hexadeci

values based on the analog output.

[\onitor the readings on the Arduino a
othexadecimal) and an oscilloscope (anal
mahen test surface is placed on 11 differ
positions perpendicular to the sensor from
to 15 cm, with 0.5 cm intervals. Then, cony,
the back 1

corresponding scale. The converted val

hexadecimal values to
should match the values on the oscilloscq

with a tolerance of +10%.

3) Two proximity sensors on the left af
right sides of the stove in conjuncti
can sense the presence of a cook
vessel centered on the stove at a typ
distance of 12 cm, tolerant to a rad
offset of 2 cm from the center of ti

stove.

néPlace sensors on opposite sides of coo
pessel with a distance of 12 cm and verify t
(itkge sensors can detect the cooking ves
iddien, move the cooking vessel 2 cm in
i@,45,90,135,180,225,270,315 degree direct

n@vith respect to the sensor on the right ¢

verify that the cooking vessel is still detected.

an
test

ns

)

ert
he

ues

pe,

King
hat
ssel.
the
ons

and

4) Temperature sensor interfaces corre

with the Arduino and senses t
temperature of an object at a distance

12+2 cm with a tolerance of +5%.

cliyeasure the temperature of the stove as
harned on with no cooking vessel present us
> thle sensor and a thermocouple and geners
plot of temperature vs. time using both sets
data after converting hexadecimal values

the Arduino to the correct scale. The res

it is
5iNg
ate a
5 of
on

Ults

2
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should be within 5% of each other. Rep
with temperature sensor moved 2 cm away

towards stove.

pat

and

3.2 Contingency Plan

Module

Contingency Plan

Controller

If the Arduino UNO fails to perform adequately, wdl use

the Raspberry Pi instead.

Power Management

If we fail to design the AC/DCamter, we will supply the
stove with power from the wall outlet and for thtaer

components, we will supply power using batteries

Stove

Purchase another model of stove if the algitove fails

Display

If the LCD fails, we will use instead a LGIxsplay that is
connected directly to the Arduino.The model number
Devantech LCDO03 4x20 12C & Serial LCD (Blue).

Input Interface

1) If the Bluetooth communication fails, we will pragn
the recipe straight into the controller.
2) If we fail to device an algorithm good enough togea
and interpret recipes, we will write our own re@pe

formatted in a standard fashion.

Sensors

1)If the temperature sensor fails, we will instead as
thermocouple to measure the temperature of the sto
order to enforce the maximum operating temperaturs
protection.
2) If the proximity sensor detection scheme fails,foon
the cooking vessel to a narrower detectable rangbe

stove.

1%
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3.3 Tolerance and Analysis

The component that is most susceptible to failartheé PWM mechanism embedded within the
stove module. The PWM mechanism comprises of teetreimechanical relay that controls the
duty cycle of the AC current supplied to the coilahe amplifier that amplifies the PWM signal
from the controller module to the relay.The mechanis most likely to fail because the action
of the relay is highly dependent on the amountusfent drawn from the amplifier.In addition,
the relay may be prone to huge delays that arma the movement of mechanical parts in the
switch.

Furthermore, the PWM mechanism is integral to theration of our device since we need it to
indirectly control the temperature of the stove.siish, we pinpoint the PWM mechanism in the
stove module as the focus of our tolerance analysis

Testing Focus:

We will replace the PWM input signal with a functigenerator that produces a square wave
with an amplitude of 5V and offset of 2.5V. We wiilen sweep through a duty cycle from 0 to

100% with 1% intervals and record the profile af thC supply using an oscilloscope.
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Ethical Issues
The purpose of our project is to simplify the coakiprocess for the average cook
and also attempt to provide a safer cooking enwremt with the automatic shut off
function. We also inform the user that our devisenot 100% safe and there are
inherent dangers in using a heated element and thex chance of mechanical and
component failures. As such, we follow th& dode of the IEEE Code of Ethics
which states:

1. to accept responsibility in making decisions consistent with the safety, health,

and welfare of the public, and to disclose promptly factors that might

endanger the public or the environment.

We will make claims and estimates based on dataogaired throughout the testing
process and not modify or tamper with the dataniy\@ay. This follows the "3 code
of the IEEE Code of Ethics which states:

3. tobehonest and realistic in stating claims or estimates based on available
data

We will be using Arduino boards, Seeed Bluetootieldhtemperature and proximity
sensors amongst various other equipment and comson€his will improve our

understanding of the technology involved as welthasr applications and potential
consequences. This goes in line with tleafid &' code of the IEEE Code of Ethics

which states that:

5. to improve the understanding of technology; its appropriate application, and
potential consequences

6. to maintain and improve our technical competence and to undertake
technological tasks for others only if qualified by training or experience, or

after full disclosure of pertinent limitations

We will also take into consideration the advice a@odstructive criticisms for our
advisors, peers and other parties of our work amdodr best of our ability,

acknowledge and make necessary corrections to ouk. \WWe will also cite all

29



sources that we have referred to our taken releaémimation from. This goes in the
line with 7" code of the IEEE Code of Ethics which states:

7. to seek, accept, and offer honest criticism of technical work, to acknowledge

and correct errors, and to credit properly the contributions of others

ECEA445 is designed to assist our peers and facliitig. goes in line with the last
code of conduct which state:

10. to assists colleagues and co-workersin their professional development and to
support themin following this code of ethics

30



V. Safety

Our project involves the supply of high AC curreist well as heating elements that
can reach approximately 200°C. As such, we must tekcessary safety precautions
when building our device in order to ensure thetyabf other people working in the

lab as well as ourselves, and also to protectaghesfuipment and the lab room. As

such, we need to pay special attention to elettaiod fire hazards.

We will adhere to the following safety guidelingsctly:

1) When building and testing the device, there shaliays be at least 2 or more
people present in case of an accident

2) Not leave any operating device unattended

3) Always wear safety glasses when operating/testiagtove as well as
building/testing the power electronics

4) Always wear covered rubber-soled shoes as wetirgs pantswhen in the lab

5) Always ground yourself before doing any work

6) Be familiar with evacuation routes from the builglin

7) Be familiar with the list of phone numbers for ataince

8) Be familiar with the techniques for handling cantaipe of small fires

9) Do not consume any food or beverage of any kirthenlaboratory

10)Be familiar with the Everitt evacuation route aswh on the next page
Evacuation Plan:

If the lab needs to be evacuated in case of angamey, follow the evacuation route as shown
below. When evacuating the lab:

- Do not stop to retrieve personal items
- Evaluate the safest route for exit:

o0 Check for smoke coming from under exit doors

o Feel exit doors before opening to ensure thatdiires not exist on the other side
- Meet on the sidewalk south of the building
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VI. Cost and Schedule
4.1 Cost Analysis
Labor:
Name Hourly | Total Hours Total=Hourly Ratex 2.5 x Total Hours
Rate Invested Invested
Chng, Xiong Kai Benjamin ~ $40.00 150 $15000.00
ArdyWinoto $40.00 150 $15000.00
Cheng Han, Lee $40.00 150 $15000.00
PCB $35.00 4 $140.00
Mechanical Store $50.00 10 $500.00
Total $45640.00
Parts:
[tem Part Number Quantity | Unit Price | Total Cost
Single Coil Cooking Rangge Toastess THP-51} 1 $30.00 $30.00
Arduino Arduino UNO A000066 3 $27.20 $81.60
IR Proximity Senso Sharp GP2Y0A21YK 2 $15.00 $30.00
IR Temperature Sensor  Melexis MLX90614ESF- 2 $20.00 $40.00
ACA-000-TU
LCD 73-1335-ND 1 $32.71 $32.71
Round Push Buttop MSPS103C 5 $2.72 $13.60
Seeed Bluetooth Shield SLD63030P, 1 $22.90 $22.90
Center-tap Transformer 595-1050-ND 1 $10.01 $10.01
Electromechanical Rela) COM-10924 1 $2.95 $2.95
NPN BJT NPN 2N3904 1 $0.75 $0.75
LM2576 Step-Down 576-1518-5-ND 3 $3.06 $9.18
Voltage Regulator
75uH Inductor M8715-ND 3 $3.94 $11.82
33uF Capacitor 445-8539-ND 3 $0.70 $2.10
80QuF Capacitor 399-7544-ND 1 $5.72 $5.72
Schottky Barrier Diode 1N5822-TPMSCT-ND 6 $0.58 $3.48
700 Resistor ALSR5J-700-ND 1 $1.55 $1.55
TOTAL = $288.37

GRAND TOTAL = LABOR + PARTS = $45,928.37
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4.2 Schedule

Week Benjamin Ardy Cheng Han

1/28 Project Topic * Project Topic » Project Topic

RFA due Discussion Discussion Discussion
Submit RFA * Discuss » Discuss
Discuss project/proposal project/proposal
project/proposal details details
details

2/4 Final proposal * Proposal Draft 2 * Proposal Draft 1

Proposal

due(Wednesday

4pm)

2/11 Research power * Design state * Prepare documents
electronics circuits machines for for design review
and come up with micro-controller * Order parts and
preliminary design » Finalize parts request for funding

2/18 Design schematics * Design and * Learn Android App

Design Review sign for PWM and implement programming for

up(Opens Monday converter temperature and Bluetooth

closes Friday)

Work on design
review document

proximity sensor
units

Work on design
review document

Work on design
review document

2/25
Design Review

Implement power
electronics and
PWM for stove

Implement state
transition on
controller based on
button presses and
sensor inputs

Preliminary Android
app that allows a
user to input recipe
manually

3/4 Program controller * Perform reliability * Preliminary Android
to send PWM and accuracy app that allows
signal to the stove testing of sensors transmission of

* Obtain performance simple data to
data of control Bluetooth module
stove

3/11 Complete o Complete » Complete individual

Individual Progress individual progress individual progress progress report

Reports report report e Implement

due(Wednesday Program controller «  Submit ' draft of Bluetooth

4pm) to display recipe on power circuitry connectivity for
LCD PCB controller
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3/18
Spring Break

Prepare slides for
mock up demo

Prepare slides for
mock up demo

Prepare slides for
mock up demo

(power electronics (state (slides for Bluetooth
and PWM) transitions/algorith transmission)
m)
3/25 Perform testing on Finish power Prepare for mock up

Mock-up Demos
Presentation sign
up(Opens Monday
closes Friday)

the reliability and
accuracy of sensor
in affecting the
stove

Prepare for mock
up presentation

\*4

circuitry PCB and
submit 29 draft if
necessary
Prepare for mock
up presentation

presentation
Finish android app
for recipe
transmission via
Bluetooth

4/1

Mock-up
Presentations(Web
sign-up, EL 159)
Last day to request

Fix remaining
issues with power
electronics and
display

Fix remaining
issues with control
logic, sensors and
buttons

Ensure proper
transmission of data
from the Android
device to the
Bluetooth module

1% revision

PCB(Friday)

4/8 Ensure completion Debugging and Debugging and fine+

Last day to request of system including fine-tuning of tuning of

final revision the house of power control logic, transmission of data

PCB(Friday) electronics and sensors and button from the Android

stove device to the

Bluetooth module

4/15 Prepare final report Prepare final report Prepare final report

Demo and with emphasis on with emphasis on with emphasis on

Presentation sign
up(Opens Monday
closes Friday)

project
deliverables(power
electronics, display

project deliverables
(control logic,
sensors)

Bluetooth
transmission of
recipe

4/22 Prepare for Prepare for Prepare for

Demoes and demonstration with demonstration with demonstration with

Presentation focus on power focus on control focus on Bluetooth
electronics and logic, sensors and transmission data
display buttons

4/29 Finish up final Last check on all Prepare presentatio

Presentations report equipment for

Final Papers and
lab notebook
due(Wednesday
4pm

check out
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VIl. Citations

[1]LM2576/LM2576HV Data Sheet. Texas Instruments. JiTexas. [Online]
Available:http://www.ti.com/lit/ds/symlink/Im2576db

[2] Basic Calculation of a Buck Converter's Powtxgg. Texas Instruments Inc., Texas.
[Online] Available:http://www.ti.com/lit/an/slva4 &/slva477a.pdf

[3] T9A Series Relay Data Sheet. Tyco Electroniosi&ctivity, Pennsylvania. [Online]
Available: http://www.sparkfun.com/datasheets/Congrds/T9A_DS.pdf

[4] 2N3904 Small Signal NPN Transistor Data Sh&a&tMicroelectronics, Switzerland.
[Online] Available:_http://www.sparkfun.com/datag&/Components/2N3904.pdf

[5] GP2Y0A21YK/GP2Y0OD21YK Data Sheet. Sharp Micmetonics, Washington. [Online]
Available: http://www.sparkfun.com/datasheets/Comgrus/GP2Y0A21YK.pdf

[6] MLX90614 Family Data Sheet. Melexis Microelemic Systems, leper, Belgium. [Online]
Available: http://www.melexis.com/Asset/IR-sensbetmometer-MLX90614-Datasheet-
DownloadLink-5152.aspx

[7] IEEE Code of Ethics [Online]
Available: http://www.ieee.org/about/corporate/gmance/p7-8.html

[8] Safety. ECE444 Administrative Manual Spring 3QOnline]
Available: http://fabweb.ece.uiuc.edu/lab/manuatiad manual sp2013.pdf

[9] Bluetooth Shield Data Sheet [Online]
Available: http://www.seeedstudio.com/wiki/BluethoShield

[10] Bluetooth Shield Arduino Code [Online]
Available: http://www.seeedstudio.com/wiki/BluethoShield

[11] Android App Development [Online]
Available: http://developer.android.com/trainincgglzas/firstapp/index.html
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