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Abstract
The Easy Cooking Programmable Electric Stove is a device that automates the cooking process through automatic heat regulation and step-by-step instructions. The design of the stove allows it to execute complicated recipes with multiple steps as opposed to currently available appliances such as slow cookers, which can only handle one-step, liquid-heavy recipes such as stews and soups. This report documents the design, construction, verification, and cost of the device.
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1. Introduction

1.1 Purpose of Project

Cooking is traditionally a manual process that often requires the cook to follow a set of instructions. However, this process is highly prone to fluctuations in execution. In the case of an inexperienced cook, this process is also daunting and prone to errors. As such, we decided to design a system that partially automates the cooking process to address these issues.

1.2 Benefits and Features

The goal of this project is to create a simple and safe interface that guides a person through the process of cooking as well as make the cooking process more convenient. Thus, the stove will be partially automated with instructions that are displayed through an Android application on an Android device.

Our design will allow a user to launch an Android application, choose a recipe from a pre-existing database of recipes and transfer it via Bluetooth to our cooking device. The user will then be able to start the cooking process with most of the required heat settings automated.

Benefits
· Provides more Convenience in the cooking process as the user does not have to change the heat level automatically
· Simple and intuitive user interface
· User is guided by instructions displayed on the Android device
· Potentially increases success rate of cooking a dish for inexperienced cooks

Features
· Single burner electric stove with an AC input
· Power management unit which connects to wall outlet, controls power input to the stove and powers controller and peripherals
· Temperature and Proximity IR sensors
· Android Application to display cooking instructions and live temperature data
· Controller to process the state of the system and necessary outputs
· Bluetooth connectivity to extract electronic recipe from the Android Application
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1.3 Blocks

The design was broken down into many modules with each performing a specific task. Figure 1 shows the high-level block diagram of our design. 
 (
Figure 
1
: High Level Block Diagram
)[image: \\ad.uillinois.edu\engr\instructional\clee17\Desktop\Block Diagram.png]

2. Design

2.1 General Design Alternatives

For our power management module, we had several options to build the DC power supply. We could build a power supply by either using a center-tap rectifying scheme or a full-wave bridge rectifying scheme. However, we chose to go with the center-tap rectifying scheme for our power supply. This is because the total cost of building a center-tap supply is lower than other schemes such as the full-wave bridge rectifying method. Furthermore, we do not require the high performance advantages of a full-wave bridge rectifying scheme in order to power the other components in our stove.

For the controller module, we chose to use the Arduino as it is well documented and easy to use. Its processing power is also enough for the nature of our project. One of initial alternative we came up with was to use a PSoC board. However, after sitting through the seminar, we realized that our project did not require such a powerful tool and it will over complicate our design process as it has a steep learning curve compared to the Arduino.

For the Bluetooth module, we initially were thinking of using Near Field Communication (NFC). However, due to cost issues of the hardware involve as well as difficulty to interface with the controller, we chose to use Bluetooth eventually and this came in the form of a Seeed Bluetooth Shield which interfaces with the Arduino easily.

For the display and input module, one of the other options was to use an LCD display with buttons. However, we realized we could combine the 2 modules into one piece of hardware by using an Android device which simplified the design process.

For the sensor module, conversions from hexadecimal values to distance values were not made for the proximity sensor. We felt that setting the detection limits based on the hexadecimal values were sufficient.


2.2  Overall Block Description

For our system, the Power Management module is isolated from the rest of the system as illustrate by the dotted box. Every component in the blue dotted box will have power supplied from the Power Management module. The arrow coming out from the power management module represents the power being supplied to the components inside the blue dotted box.

From the controller module, the arrow going to the Bluetooth Module represents the current step number of the recipe and temperature data which will be transmitted to the Display module via the bidirectional Bluetooth communication. The arrow going from the controller module to the stove module represents the PWM signal. The controller will also receive sensor signals from the Sensors module as shown by the arrow going from the Sensors module to the Controller module. The arrow going from the Stove module to the sensors module represents analog inputs from measuring temperature and location of stove.

Components inside the orange dotted box are all part of the Android device running the Android application we designed. The arrow going from the Input interface to the display represents the button presses from the user. Button presses and the recipe will also be sent via Bluetooth from the Input Interface to the Bluetooth Module. The Bluetooth Module will then relay the information to the controller to process.

2.3 Design Procedure

Power Management Module

The power management module is responsible for converting the output voltage from the wall outlet (120) into the appropriate voltages for the various modules. To convert the voltage into the appropriate ratings, we will implement an AC/DC converter by first stepping down the voltage output from the wall outlet to 20. We will then rectify and filter this voltage to obtain a DC profile of about 28. Since most of the other modules are powered Arduino board, we then implement a Buck Converter to step down the voltage from 28 to 7 to power these boards. The output from these Buck Converters is then connected to the other modules as a power source.

Controller Module

The controller module is responsible for receiving the recipe from the Android Application and processing the information received. In addition, it should process and respond to buttons presses from the user. It will also receive signals from the proximity sensors and the temperature sensor. The controller will process all these information and output a PWM signal to control the stove as well as update the display on the Android device.To accomplish this, we will use an Arduino to implement a state machine.

Bluetooth Module
	The Bluetooth module is implemented using a Seeed Bluetooth shield which will be attached to the Arduino. A bidirectional Bluetooth communication channel will be established between the Bluetooth shield and the Android device running the Android application. Information and instructions will be constantly relayed between the controller and the Android app via this connection. 

Input Module
The Input module is implemented using an Android application which we designed. This Android application consists of a simpler user interface which allows the user to select the recipe he wants to cook and various buttons that will allow him to go through the cooking process. The input module will be responsible for sending the recipe selected by the user to the controller via Bluetooth. During the cooking process, button presses will also be constantly sent to the controller. 

Display Module

The Display module is also implemented using the same Android application. When the application is first turned on, the display module will provide the user with necessary instructions to start the cooking process. During the cooking stage, the display module will be updated constantly with the current recipe step number from the controller so as to update the instructional text for the user to read. The food and stove temperature will also be shown on the screen and these readings are also transmitted via Bluetooth from the controller. There will be 3 main screens for the display. The first one will be the home screen which consists of a drop down menu for the user to select the recipe he wants to cook. There will also be a view recipe screen which is accessible from the home screen to allow the user to view the selected recipe. The last screen will be the cooking screen which is used throughout the cooking process to display recipe directions and guide the user through the cooking process.

Stove Module

The stove module consists primarily of the electric burner which is the medium for heat to be transferred into the cooking vessel. This module will directly draw power from the wall outlet since the burner requires 1000W to operate, bypassing the AC/DC converter in the power management module. Furthermore, the stove module will be fitted with an electromechanical relay that receives the PWM signal from the controller module. This serves as a PWM mechanism to control the amount of current within the stove and hence, regulate the temperature of the stove and the cooking vessel.

Sensor Module

The sensor module controls the proximity and temperature sensors, conditions the signals from the sensors, and sends them to the controller module. The following sensors are used:
· Two IR proximity sensors sense the presence of a cooking vessel on the stove and communicate with the Arduino via two ADC ports.
· One IR temperature sensor monitors the temperature of the heating element on the stove and communicates with the Arduino using a two-wire SMBus protocol.
· One IR temperature sensor monitors the temperature of the food in the cooking vessel and communicates with the Arduino using a two-wire SMBus protocol












2.4  Design Details

Power Management Module

	The main purpose of the power management module is to convert the AC source from the wall outlet into the appropriate DC source for the various components. In order to do so, we will first step down the voltage from the wall outlet to 20. We will then rectify and filter this voltage into a 28 source. Finally, the 28 source will be stepped down to 7 to meet the voltage specifications of the other components.

The power management module consists of the following components:

AC/DC Converter

	The AC/DC converter will convert the voltage of 120from the wall output to a voltage of  28. We decided to follow the center-tapped full wave transformer due to its simplicity of implementation. The schematic of the AC/DC converter is shown in figure X
[image: ]
Figure 2: AC/DC converter schematic

	Using the NI reference for basic calculations of a Buck Converter [2], we note that the minimum required capacitance for the filter is

                                                         (2.1)

where is the estimated inductor ripple,  is the switching frequency of the converter and  is the desired output voltage ripple. In our system, we specify a desired output voltage ripple that is 1% of the expected output voltage. We also note that the switching frequency of the converter is 50Hz from the datasheet. Although  is an unknown, we can approximate it as 0.3 times of the maximum output current from the NI reference [2]. From our calculations, we choose to use a capacitor that is rated with a capacitance of 800. Furthermore, a Schottky diode with an average forward current rating of 300mA is recommended and this can be easily obtained.

[image: ]
Figure 3: Waveform of Regulated Voltage
Buck Converter 

	The Buck Converter will convert the input voltage of 28 to an output voltage of 7. In order to implement the switching function of a standard Buck Converter, we will be using a LM2576 Series Simple Switcher 3A Step-Down Voltage Regulator. The schematic of the AC/DC converter is as follows:

[image: ]
Figure 4: Buck Converter Schematic

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

                                                    (2.2)

where is the estimated inductor ripple,  is the switching frequency of the converter and  is the desired output voltage ripple. As with the AC/DC converter, we specify a desired output voltage ripple that is 1% of the expected output voltage. We also approximate  as 0.3 times of the maximum output current of 3A for the LM2576 Simple Switcher. Furthermore, the datasheet specified the use of 52kHz in calculating the specifications of the Buck Converter. From our calculations, we choose to use a capacitor that is rated with a capacitance of 33.

	Next, we need to calculate the required inductance for the Buck Converter. From the NI reference, the required inductance for the converter is

                                                     (2.3)

where is the estimated inductor ripple,  is the switching frequency of the converter,  is the input voltage and  is the output voltage. Given an input voltage of 28V and an output voltage of 7V, the required inductance for the Buck Converter is75. Furthermore, a Schottky diode with an average forward current rating of 2A is recommended and this can be easily obtained. 


Controller Module
	
	As we mentioned earlier, we will be using a state machine to implement the controller. Shown in figure X is the state machine.




[image: State Machine.jpg]
Figure 5: State machine for controller






Table 1 shows the 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.
	prog_done
	Flag set when recipe transmission is complete

	6.
	detect
	Flag set when a cooking vessel is detected

	7.
	operate_done
	Flag set when the recipe is finished

	8.
	high_temp
	Flag set when stove exceeds maximum temperature  of 270 degrees C or food temperature exceeds 180 degrees C


Table 1

State Descriptions

1. Startup
· Initial state upon turning on device.
· Controller and Android application active.
· Android application prompts user to program controller via Bluetooth.
2. Program
· Controller is in the process of receiving a recipe from the Android application 
· Android application sets flag when programming is done. Until flag is set, button presses are not registered.
3. Start/Reset
· All systems ready for cooking process.
· Android application displays recipe title, status, and temperature readings.
· Only possible to transition to operate if cooking vessel is detected and the users presses continue.
4. Operate
· State used for cooking process.
· Stove becomes active (heat controlled by PWM).
· Android application displays cooking instructionsand food temperature.
· Continue and other advance conditions (explained later on) go to identical “Operate” state, with same behavior but different requirements, with as many “Operate” states as a given recipe requires.

Operate state specifications

The operate state is the most important state in our state machine as the entire cooking process occurs in this state. The high level objective of the Operate state is that it must know when to transition to the next recipe step and set the correct PWM outputs to control the heat level of the stove at each step. It must also evaluate safety conditions accurately and transition to the Start/Reset state if any of the safety conditions are evaluated to be true.In order to achieve this, the Operate state will operate on the flow chart shown in Appendix A.

For setting the heat level using the PWM output, there will be 2 types depending on what is specified in current step of the recipe.

1) Fixed heat level
- For this type of heat setting, a constant duty cycle is set based on what is specified in the recipe. The duty cycle corresponds to heat level multiplied by 10.
2) Maintain temperature
- For this type of heat setting, the PWM will modulate the duty cycle using the feedback from the food temperature sensor in order to maintain a temperature value based on what is specified in the current recipe step. We achieve this using a PID controller. In the recipe, maintain temperature will be represented as ‘-1’. This will be elaborated in more detail in the later section.

For the advance condition, there are a total of 3 types.

1) Temperature Reached
- Advance condition will be evaluated as true once the desired temperature as specified in the current recipe step is reached. Temperature readings come from the food temperature sensor
2) Timer(represented as timer_anyInteger in the recipe where by anyInteger is the time in minutes)
- Advance condition will be evaluated once the amount of time as specified in the current recipe step has elapsed. 
3) Continue button pressed
- Advance condition will be evaluated as true when the user presses continue.
The advance condition is only evaluated based on what is specified in the current cooking step. For instance, if the advance condition is of type ‘Temperature Reached’, if the desired temperature has yet to been attained and the user presses continue, nothing will happen. The advance condition will only be true if and only if the target temperature is reached.


Bluetooth Module

The Bluetooth Module consists of a Seeed Bluetooth Shield which is an extra attachment to the Arduino. The TX pin of the shield will connect to the RX pin of the Arduino and the RX pin of the shield will connect to the TX pin of the Arduino.

The Arduino code to allow the Bluetooth shield to establish a connection with another device is shown in Appendix B. The code is provided by the Seeed Bluetooth library [10].







Input Module

We will design a mobile application on the Android platform called “SmartStove”. As mentioned earlier, the main functions of the input module are to transmit the selected recipe to the controller as well as register button presses from the user and then transmit information regarding which button is being pressed to the controller. 

Establishing Bluetooth Connection

 (
Not connected
Get Bluetooth socket to connect with Bluetooth shield
Connect Bluetooth Shield through the socket
Manage connected thread (Read/write functions)
connected
)

















Figure 6: Waveform of Regulated Voltage

In order to transmit data to the controller over Bluetooth, we would first have to establish a connection with the Bluetooth Module. To achieve this, we first create a Bluetooth communication socket with the Bluetooth shield by specifying the UUID of the Bluetooth shield. We will then connect the device through the socket and this will block until it succeeds or throws an exception. The flowchart of the process is shown in figure X.

Differentiating between recipe and button presses
Since there is only 1 channel of communication, we needed to differentiate between different kinds of data being sent to the controller so that the controller will know what kind of data is being received so as to process it accordingly. To achieve this, we came up with a simple method by appending a specific character to the start and end of the recipe being transmitted, as well as the button presses.
For recipes, we appended a ‘!’ character to the start of the string and appended a ‘@’ character to the end of the string. For button presses, we appended a ‘<’ character to the start of the string and a ‘>’ character to the end of the string. 



Recipe

Recipes in our recipe database are saved in the form of strings. A new line character, ‘\n’, is used to partition each step of the recipe. The format of a single recipe step is as follows:
Target_temperature(Integer)  Heat_level(Integer)Advance_condition

With a single space character between the 3 different parts. A sample recipe with 2 steps will be coded as follows (we have excluded the ‘!’ and ‘@’ character for readability):
				“1805temp_reached\n
				170-1 timer_1             ”

	This recipe will translate to:
1) Set the heat to level 5 (50% duty cycle) and once the food temperature is 180°C, advance to the next step
2) Maintain a temperature of 170°C for 1 minute.
3) Cooking complete

Button Presses

In order for the Android application to register button presses on the screen from the user, we implemented onClickListeners for each button. An onClickListener is a function in the Android API that allows us to associate each button on the screen with a function that we can define. As such, this will allow us to perform relevant tasks every time a button is pressed.
The list of buttons and their functions are shown in Appendix A.

Managing Connected Thread

Once the connection has been established between the Bluetooth Shield and the Android device, we will run a thread that will allow us to receive and send information over this channel.

For sending data over the Bluetooth channel, we will simply use a thread.write() function, with the parameters being the string  or character we want to send. 
For receiving data from the Arduino, the thread will constantly listen to incoming data and once data is received, we will capture the data and store it in a variable for us to process.











Display Module

The display module is part of the same Android application which was used for the input module. It is responsible for displaying all the clickable buttons as listed in the input module as well as displaying text to show all the relevant cooking instructions. In addition, it will also have to display the entire recipe in the view recipe screen for the user to preview.

Buttons

In order to display a button, all we need to do is to click on the button icon and drag it into the GUI of the XML file and position it at any position we want. All of these functionalities are provided by the Android API (Application Programming Interface) using Eclipse IDE (Integrative Development Environment). 

Entire Recipe

In order to display the entire recipe when the user presses the “View Recipe!” button, all we have to do is to create a TextView instance in the XML file by dragging the textbox icon into the GUI of the XML file and position it where we want it to be. We will then give the TextView a variable name called, for instance, “recipeText”. After this, we will make use of an Android API function as follows:

recipeText.setText(“this is the recipe text we want to show”);

Cooking Instructions during cooking process
During the cooking process, we will have to show the cooking instructions corresponding to the current step. In order to do this, the display module will receive input from the controller module via Bluetooth. Input comes in the form of an integer which represents the step at which the cooking process is currently at. Using this integer, we will retrieve the cooking instruction prompts which are part of our recipe database by indexing an array. The cooking prompts are stored as an array of Strings and thus, each element of the array will correspond to the correct prompt for the current cooking step.

Stove Module

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

In order to implement the PWM feature on the stove, we will be using an electromechanical relay to control the duty cycle of the AC supply. The relay that we will be using is a single pole, double throw (SPDT) rated up to 220 @ 20A. When a current is passed through the coil, the switch will be activated, providing an effective means of controlling when the AC supply is channeled to the stove. Although the relay will produce an audible click when in operation, we intend to mute it using the metallic casing of the stove as a soundproof medium. 

Since the PWM signal from the Arduino does not have enough energy to switch the relay, we design a simple switch in order to power the relay from an external source. The schematic of the switch is shown in Figure 7.

[image: ]
Figure 7: Switch Schematic

We model the relay as a resistor with a resistance of 25 as indicated in table 3. To calculate the resistance R1 from the schematic above, we note that the BJT is in saturation when a 40mA signal is sent to the base. By KCL,

                                                         (2.4)

Thus, by rearranging the terms, the required resistance for our amplifier is700. Furthermore, a Schottky diode with an average forward current rating of 300mA is recommended and this can be easily obtained. 

Sensor Module
	
The GP2Y0A21K consists of an IR emitter and detector and an on-package distance measuring IC. It detects the intensity of IR light reflected off a surface and calculates the distance from the sensor to the surface. The GP2Y0A21K provides an analog output voltage and will communicate with the controller via an ADC. The analog output voltage response with respect to surface distance is shown in figure 8.

[image: ]








Figure 8: Analog voltage response of proximity sensor

The Melexis MLX90614-ACA-000-TU is an IR thermometer for non-contact temperature measurements. It consists of an IR sensor, an IR thermopile detector IC, and a signal conditioning ASSP IC with an internal DSP and a high-resolution 17-bit ADC. It measures a weighted average of all temperatures in its field of view (FOV), with peak sensitivity located at an angle of incidence of 90 degrees.
The IR sensor consists of serial-connected thermocouples with cold junctions placed at thick chip substrate and hot junctions placed over a thin membrane. IR radiation incident on the sensor heats or cools the membrane and the thermopile detector produces an output voltage Vir as follows:
[image: ]                                         (2.5)
[bookmark: _GoBack]To and Ta are object and sensor die temperatures (K) and A is the overall sensitivity of the sensor. The output voltage of the thermopile then serves as an input to the internal DSP, which calculates the corresponding ambient and object temperatures and produces digital outputs. The sensor will communicate with the controller through two wires using the SMBus communications protocol.





3. Requirements and Verification

3.1  Testing Procedure

Power Management Module

	In order to test the power management module, we used the power probes and the oscilloscopes in the Grainger Electric Machinery lab and measured the voltage and current across the device. More details about where we measured the voltage and current can be found in Appendix C under the verification section of the Power Management Module.

Controller Module

In order to test the controller module, we broke the testing down into 2 main parts. First, we will test whether the state machine operates correctly as well as whether the operate state brings the user through the cooking process correctly with correct advance conditions and PWM outputs. Next, we will test the safety features. We will check whether the PWM output is completely turned off and no heat is supplied to the coil when either the user presses the reset button, or when the pot is not present on the stove for 10 continuous seconds or when the food temperature goes above 190°C or the stove temperature goes above 270°C.

State Machine testing

To test the state machine, we went through the cooking process using the recipe “Bourbon Chicken”. Using the Arduino Serial monitor, we would print out the current state of the state machine as well as its PWM output. We will visually inspect whether the states and PWM output correspond to what it should be based on the state machine diagram as well as the recipe. In the operate state, we will check whether the step advances to the next step only when the advance condition of the current step is met. This portion of the testing is also done with the Android application by checking that the correct recipe instruction is shown. This will indicate whether the recipe is at the correct step of the cooking process.

Safety Testing

Similar to the above, we will proceed to cook using the “Bourbon Chicken” recipe. However, during the cooking process at any step excluding the last one, we will press the reset button and proceed to check on the Arduino Serial monitor whether the new current state is the “Start/Reset” state. If so, we will visually check on the Arduino Serial Monitor to ensure that the PWM output is 0 and we can also verify this by looking at the green led light on the stove. If it does not light up at all, no current is being supplied to the stove.

Next, to check whether the detect safety works, we will take off the pot from the stove for 10seconds and verify that the state is the “Start/Reset” state. The rest of the procedure is same as that described in the first paragraph of this section above.

For the temperature safety, we will follow the above steps, but in addition, print out the current temperature data of both the stove and sensor on the Arduino Serial monitor. We will check whether the state machine goes back to the “Start/Reset” state when the food temperature goes above 190°C or the stove temperature goes above 270°C.

Bluetooth Module

	First we have to test whether the Bluetooth shield is able to establish connection with the Android device. Next, we have to ensure that the Bluetooth module is able to send data to the Android device accurately. Lastly, we have to ensure that the Android device is able to send data to the Bluetooth Module accurately. The testing procedures can be found in Appendix C under the verification section of the Bluetooth Module. 

Input Module

	Testing procedures can be found in Appendix C under the verification section of the Input Module.

Display Module

	Testing procedures can be found in Appendix C under the verification section of the Display Module.

Stove Module

	We tested the stove module by first ensuring that the modified stove has a similar performance to that of the original stove. We did this by boiling water on both the modified and original stove to see if the boiling times were about the same. We also tested the relay by powering it up to see if it switches effectively with a small delay. More details about the verification parameters can be found in Appendix C under the verification section of the Stove Module.

Sensor Module
	
	We tested that the temperature sensors were accurate by measuring the temperature of an unloaded stove simultaneously with a commercial IR gun. The results can be found in Appendix A. Testing the proximity sensors were simply done by moving a cooking vessel at different positions on the stove to confirm detection. Additionally, we have to ensure that our stove heats up at the same rate as the original stove. We need to find out at what duty cycle is the the rate at which 1L of water is boiled the same as the original stove on the highest heat setting. In addition to this, we also did an empty pot test whereby we placed an empty pot on the stove and proceeded to heat it. We will take temperature data at 5 second intervals in order to find out what duty cycle corresponds the highest heat setting of the original stove.

3.2  Quantitative Results

Power Management Module

	We measured the voltage from the transformer output and found that it was 25.2V as we would expect. Furthermore, the output voltage of the rectifier/filter circuit was around 35.5V which is within a tolerable range from our verification requirement. However, the output from the Buck converter was capped at 5V and we were unable to raise it to 7V which was required for our digital components to work.

Stove Module

Please refer to Appendix A for the testing results.
From the results, we can see that a duty cycle of 60% matches closely to the rate of increase in temperature of the original stove at the maximum heat setting. As such, we will use 60% as our maximum heat setting.

3.3  Discussion of Results and Failed Verification

	Module
	Result

	Power Management
	Passed testing and verification for AC/DC converter. Failed verification for Buck Converter

	Controller
	Passed all testing and verification

	Bluetooth
	Passed all testing and verification

	Input
	Passed all testing and verification

	Display
	Passed all testing and verification

	Stove
	Passed all testing and verification

	Sensors
	Passed all testing and verification


Table2









4. Safety

	Our project involves the supply of high AC current as well as heating elements that can reach approximately 200ºC. As such, we must take necessary safety precautions when building our device in order to ensure the safety of other people working in the lab as well as ourselves, and also to protect the lab equipment and the lab room. As such, we need to pay special attention to electrical and fire hazards.

We will adhere to the following safety guidelines strictly:

1) When building and testing the device, there should always 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/testing the stove as well as building/testing the power electronics
4) Always wear covered rubber-soled shoes as well as long pantswhen in the lab
5) Always ground yourself before doing any work
6) Be familiar with the list of phone numbers for assistance
7) Be familiar with the techniques for handling certain type of small fires
8) Do not consume any food or beverage of any  kind in the laboratory 
9) Be familiar with the Everitt evacuation route as shown in Appendix D

Evacuation Plan:

If the lab needs to be evacuated in case of an emergency, follow the evacuation route as shown below. When evacuating the lab:
· Do not stop to retrieve personal items
· Evaluate the safest route for exit:
a. Check for smoke coming from under exit doors
b. Feel exit doors before opening to ensure that fire does not exist on the other side
· Meet on the sidewalk south of the building

5. Conclusion

5.1 Accomplishments
	
	By the project demo day, we managed  to build a device that was able to deliver all the user and cooking functionalities we promised. Though for the power management module, certain hardware specifications were not met, to the end user, it is still a finished product that can perform what it promised.

5.2 Uncertainties
	
	During the course of our entire project, we were faced with several uncertainties. At the start of the project, we were uncertain whether we had the appropriate skill sets to build our stove. We had little experience in programming an android application, designing a power supply and  building a PID controller to regulate temperature. However, after much guidance from the senior design staff, we were well equipped with the right skill sets to build and integrate the various components for our stove together.

	Furthermore, we were faced with several uncertainties about the design aspects of our project. For instance, we were unsure if the IR sensor would be able to give us an accurate measurement of the  temperature due to its limited field of view. We were also unsure if the a PWM on the electromechanical relay would be the best way to modulate the current and temperature in our stove. However, after much experimentation with our setup, we were able to achieve a working prototype in order to demonstrate our proof of concept.
	
5.3 Ethical Considerations

	In view of the work we have done so far, we would like to consider some of the ethical issues that are present while designing and constructing our stove. The purpose of our project is to simplify the cooking process. However, during the design process, we were concerned with the potential safety issues that might arise while building our system. We were also concerned about making our product as safe as possible for consumers that are using it. As such, during the design process, we were indirectly following the 1ststatement 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. 
Furthermore, while designing and testing our stove, we provide claims and estimates that were based on data we acquired throughout the testing process. As such, we did not modify or tamper our data in any way that would be beneficial to our senior design project. This follows the 3rd statement of the IEEE Code of Ethics which states:
3. to be honest and realistic in stating claims or estimates based on available data
Furthermore, we had no prior experience in building a power supply, designing a PWM mechanism or writing an Android application. It was through the guidance of the TAs, instructors and fellow engineering friends that we were able to pick up the required skills and knowledge for this senior design project. As such, this is aligned with the  7th statement of the IEEE Code of Ethics which states:
5. to seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others.

5.4 Future Work

	During the course of senior design, we were able to construct a proof of concept for our smart stove project to demonstrate the viability of semi-automated cooking. However, much has to be done in order for product to be commercially viable. First of all, we will have to fix the power management module so that the various components in our stove can be powered through one source only.

	In addition, we can slowly add more recipes to our recipe database and can try to implement the database online where users will use the SmartStove app to retrieve the recipes from the internet. We also hope to add a user contribution functionality in the SmartStove app which allows user to write recipes following a sample format that we provide them with and submit it to us for verification before saving it in the database.

	The user interface and aesthetic appeal of the SmartStove app can also be dramatically improved to enhance user experience.

We also hope to come up with a more compact device that does not take up so much space. Sizing issues cause be cut down starting from the proximity sensors. Instead of having proximity sensors mounted on rods on both sides of the stove, we hope to use weight detecting which can built within the stove itself. 
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Appendix A
Operate State Flowchart:
 (
From Start/Reset state
Safety conditions or reset button evaluated to be true?
Set PWM output based on current instruction
No
Yes
Transition to Start/reset state
Retrieve instructions for the current step and send step number to Android device to update display
Check advance condition
Advance is false
Advance is true
Increment Step Number
)



















Buttons and their functionality:
	Button Name/which screen
	Functionality
	String sent to controller

	Cook!/Home screen
	Brings the user from the home screen where he selects the recipe he wants to cook to the cooking screen where the entire cooking process will happen at.
	N.A.

	View Recipe!/Home screen
	Displays a pop-up screen overlaid on the home screen with the cooking instructions of the recipe the user chose.
	N.A.

	Program/Cooking screen
	Sends the recipe that the user selected on the Home screen to the controller
	<p>

	Start/Cooking screen
	State transition variable for the controller’s state machine
	<s>

	Reset/Cooking screen
	State transition variable for the controller’s state machine.
	<r>

	Continue/Cooking screen
	For steps that contain ‘continue’ advance conditions, 
	<c>




Stove testing results for empty pot test:
	
	Original Stove
	50% duty cycle
	55% duty cycle
	60% duty cycle

	Time(s)
	Temperature(°C)
	Temperature(°C)
	Temperature(°C)
	Temperature(°C)

	0
	20.6
	30
	26.9
	30.6

	5
	27.9
	34.5
	30
	40

	10
	39
	47.5
	41
	50.4

	15
	50
	54.8
	51.5
	63.4

	20
	68
	67.2
	62.9
	75.8

	25
	87.3
	80
	75.8
	88.3

	30
	92.3
	89.8
	91
	99.4

	35
	101.2
	91.2
	102.5
	110.8

	40
	116.6
	104.7
	107.9
	122.4

	45
	129.5
	103.9
	108.2
	134.5

	50
	135.8
	93
	130
	144.9

	55
	150.8
	106.4
	135
	152.6

	60
	156.7
	116
	146
	165.6



Temperature sensor testing results for unloaded stove –IR gun test:
	
	IR Gun
	Sensor 1
	Sensor 2

	Time(s)
	Temperature(°C)
	Temperature(°C)
	Temperature(°C)

	0
	20.6
	22.25
	21.02

	5
	27.4
	26.93
	23.97

	10
	39
	37.2
	36.74

	15
	50
	47.38
	45.99

	20
	68
	62.14
	63.21

	25
	87.3
	79.88
	81.69

	30
	92.3
	82.46
	83.77

	35
	101.2
	93.55
	92.78

	40
	116.6
	114.78
	95.86

	45
	129.5
	129.66
	115.85

	50
	135.8
	126.61
	124.4

	55
	150.8
	135.77
	142.96

	60
	156.7
	136.02
	148.57







Appendix B
Arduino code to set Bluetooth Module in discovery mode and allow for connection [10]
voidsetupBlueToothConnection()
{
blueToothSerial.begin(38400);
blueToothSerial.print("\r\n+STWMOD=0\r\n");   blueToothSerial.print("\r\n+STNA=SeeedBTSlave\r\n");   blueToothSerial.print("\r\n+STOAUT=1\r\n");   blueToothSerial.print("\r\n+STAUTO=0\r\n"); 
delay(2000);  
blueToothSerial.print("\r\n+INQ=1\r\n");  
Serial.println("The slave bluetooth is inquirable!");
delay(2000);
blueToothSerial.flush();
}


Appendix C
	Controller ModuleRequirements
	Verification

	1) Controller module displays correct state transitions and PWM outputs with the “Bourbon Chicken” recipe. (Success)
	Simulate state machine using the “Bourbon Chicken” recipe and simulate button presses and sensor input/outputs and monitor the states as well as the PWM signal.

	2) Controller module reverts to Start/Reset state when the coil temperature exceeds 280 degrees Celsius, when the surface temperature exceeds 185 degrees Celsius, or when the cooking vessel is not on the stove for 10 seconds or when the user presses the reset button. (Success)
	Simulate the 3 reset conditions as specified in the requirements and verify that the state machine goes to the Start/Reset state by looking at the Serial Monitor of the Arduino and checking that the current state is “Start/Reset”. Repeat the process 10 times for each reset condition. There should be at least 90% success rate.

	Power Management ModuleRequirements
	Verification

	P8180 Power Transformer should:
a. Convert 120 to 25.2 . (Success) 
b. Have a maximum operating current of 1A. (Success)

	Connect output signal from the transformer into a power probe
a. Voltage measured of output signal is 25.2V 1%
b. Current measured of output signal is at maximum of 1A  5%

	Rectifier and Filter should:
a. Provide a DC profile of 35.6V with a ripple voltage of 0.35V from the 20 source. (Success)
	Connect output signal from the filter into an oscilloscope
a. Voltage measured of output signal is 35.6V  0.35V

	Buck Converter should: 
a. Convert 35.6to 12 with a ripple voltage of 0.12V. (Unsuccessful)
b. Have an output current of 1A. (Unsuccessful)
	Connect output signal from Buck Converter into an oscilloscope
a. Voltage measured of output signal is 35.6V  0.12V
b. Current measured of output signal is 1A  1%

	StoveRequirements
	Verification

	Modified stove should boil water as fast as the original stove. (Success)

	We will measure the time taken for the original stove to boil 1L of water at various heat settings. When the modified stove is in place, we will measure the time taken for the modified stove to boil 1L of water. The time taken to boil water should be the same for both the original and modified stove with a tolerance of  5%

	Electromechanical relay should switch effectively with 1W of power dissipated into it. (Success)
	Connect a 1W power source across the electromechanical relay and measure the resultant voltage to see whether the relay has been switched. This test will be performed 10 times and assert that the relay is working correctly if the relay has been switched 90% of the time. 

	Electromechanical relay should respond to the PWM signal with a delay tolerance of  10%of the period of the PWM signal. (Success)
	Connect both the output of the PWM signal and the relay into an oscilloscope. Measure the time difference between the two signals and verify that the delay is around  10% of the period of the PWM signal.









	DisplayRequirements
	Verification

	The home screen must have the buttons “Cook!” and “View Recipe!” as well as a drop down menu to select the recipe. The prompt: “Please choose a dish to cook” should also be present above the drop down menu. (Success)
	Open the “Smart Stove” app. Check visually whether the 2 buttons and the drop down menu are present. Also, check visually whether the prompt is present.

	Display must show the current recipe prompt based on which step the recipe is at currently. (Success)
	Run the recipe “Bourbon Chicken” and go through the entire cooking process. Make sure that at each recipe step, the displayed recipe prompt matches what was originally written in the Android code.

	The cooking screen must have the 4 buttons “Program”, “Start”, “Reset” and “Continue” (Success)
	Open the “Smart Stove” app, choose any recipe and press “Cook!” On the new screen, check visually that the 4 buttons are on the screen. 

	Display must show the current temperature on the cooking screen. (Success)
	Open the “Smart Stove” app, choose any recipe and press “Cook!” Begin the cooking process as per normal and check visually whether the current temperature is displayed on the top left hand corner of the screen. Do this by proceeding to a step whereby the stove is turned on, and wave your hand in front of the food temperature sensor intermittently and check that the temperature changes.







	Input Module Requirements
	Verification 

	There must be internet connection on the Android device. (Success)
	Open any web browser on the Android device and at the URL bar, type www.google.com . If the page opens, internet connection has been established. If not, proceed to settings->Wi-Fi and turn it to ‘on’. Then select one of the available networks for connection.

	For all buttons, ‘Cook!’ and ‘View Recipe!’ on the home screen, ‘Program’, ‘Start’, ‘Continue’ and ‘Reset’ on the cooking screen, the buttons must register a click when the user taps it. (Success)
	Open Eclipse. Connect the Android device via a USB cable to the computer. Upload the code by pressing the green arrow at the top of the eclipse window. Proceed to press all buttons 3 times each inside the “Smart Stove” app. Open the ‘logcat’ in Eclipse and verify that for each button pressed, there is a message of the form “<button name> was pressed” appearing in the logcat.












	Bluetooth Module Requirements
	Verification 

	Must be able to establish connection with Android device. (Success)
	Power on the Arduino. Connect the Arduino to the laptop via USB. Open the Slave.pde code provided by the Seeed library. Upload the code then open the serial monitor.
On the Android device, download the app “Bluetooth SPP” available on the Play Store. Open the app and look for the device with the name “SeeedBTSlave” then establish connection.
If no error prompt pops up, connection is successful.

	Bluetooth module (Arduino) must be able to send data to the Android device accurately. (Success)
	Power on the Arduino. Connect the Arduino to the laptop via USB. Open the Slave.pde code provided by the Seeed library. Upload the code then open the serial monitor.
On the Android device, download the app “Bluetooth SPP” available on the Play Store. Open the app and look for the device with the name “SeeedBTSlave” then establish connection.
We will attempt to transmit every ASCII character from the Arduino to the Android device. We do this by typing each ASCII character, from smallest value to largest and sending each character one at a time into the serial monitor and pressing send after each character is typed. Check that the characters appear on the Android “Bluetooth SPP”  app screen. Repeat this process 3 times. There should be at least a 99% success rate.

	Android device must be able to send data to the Bluetooth Module (Arduino) accurately. (Success)
	Power on the Arduino. Connect the Arduino to the laptop via USB. Open the Slave.pde code provided by the Seeed library. Upload the code then open the serial monitor.
On the Android device, download the app “Bluetooth SPP” available on the Play Store. Open the app and look for the device with the name “SeeedBTSlave” then establish connection.
We will attempt to transmit every ASCII character from inside the “Bluetooth SPP” app to the Arduino. We do this by typing each ASCII character, from smallest value to largest and sending each character one at a time. Check that the input characters from the Android device appear on the Arduino serial monitor on the laptop. Repeat this process 3 times. There should be at least a 99% success rate.










	Sensor ModuleRequirements
	Verification

	1) Proximity sensor provides an appropriate analog output according to the distance between the sensor and a given surface, with no identical outputs for two different distances above 10 cm. (Success)
	Connect the output of the sensor to an oscilloscope. Observe the output when test surface is placed on 11 different positions perpendicular to the sensor from 10 to 15 cm, with .5 cm intervals. Verify that the output voltage at each point is within ±10% of the values in the manufacturer-supplied voltage vs. distance plot.

	2) Two proximity sensors on the left and right sides of the stove in conjunction can sense the presence of a cooking vessel centered on the stove at a typical distance of 12 cm, tolerant to a radial offset of 2 cm from the center of the stove. (Success)
	Place sensors on opposite sides of cooking vessel with a distance of 12 cm and verify that the sensors can detect the cooking vessel. Then, move the cooking vessel 2 cm in the 0,45,90,135,180,225,270,315 degree directions with respect to the sensor on the right and verify that the cooking vessel is still detected.

	3) Temperature sensor interfaces correctly with the Arduino and senses the temperature of an object at a distance of 12±2 cm with a tolerance of ±10%. (Success)
	Measure the temperature of the stove as it is turned on with no cooking vessel present using the sensor and a thermocouple and generate a plot of temperature vs. time using  both sets of data after converting hexadecimal values on the Arduino to the correct scale. The results should be within ±10% of each other. Repeat with temperature sensor moved 2 cm away and towards stove.
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Appendix E
Labor:
	Name
	Hourly Rate
	Total Hours Invested
	Total= Hourly Rate x 2.5 x Total Hours 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:
	Item
	Part Number
	Quantity
	Unit Price
	Total Cost

	Single Coil Cooking Range
	Toastess THP-517
	1
	$30.00
	$30.00

	Arduino
	Arduino UNO A000066
	3
	$27.20
	$81.60

	IR Proximity Sensor
	Sharp GP2Y0A21YK
	2
	$15.00
	$30.00

	IR Temperature Sensor
	Melexis MLX90614ESF-ACA-000-TU 
	2
	$20.00
	$40.00

	LCD
	73-1335-ND
	1
	$32.71
	$32.71

	Round Push Button
	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 Relay
	COM-10924
	1
	$2.95
	$2.95

	NPN BJT
	NPN 2N3904
	1
	$0.75
	$0.75

	LM2576 Step-Down Voltage Regulator
	576-1518-5-ND
	3
	$3.06
	$9.18

	75 Inductor
	M8715-ND
	3
	$3.94
	$11.82

	33 Capacitor
	445-8539-ND
	3
	$0.70
	$2.10

	800 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




	Week
	Benjamin
	Ardy
	Cheng Han

	1/28
RFA due
	· Project Topic Discussion
· Submit RFA
· Discuss project/proposal details
	· Project Topic Discussion
· Discuss project/proposal details
	· Project Topic Discussion
· Discuss project/proposal details


	2/4	
Proposal due(Wednesday 4pm)
	· Final proposal 
	· Proposal Draft 2
	· Proposal Draft 1


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

	2/18
Design Review sign up(Opens Monday closes Friday)
	· Design schematics for PWM and converter
· Work on design review document 
	· Design and implement temperature and proximity sensor units
· Work on design review document
	· Learn Android App programming for Bluetooth
· 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 to send PWM signal to the stove
	· Perform reliability and accuracy testing of sensors
· Obtain performance data of control stove
	· Preliminary Android app that allows transmission of simple data to Bluetooth module

	3/11
Individual Progress Reports due(Wednesday 4pm)
	· Complete individual progress report
· Program controller to display recipe on LCD
	· Complete individual progress report
· Submit 1st draft of power circuitry PCB 
	· Complete individual progress report 
· Implement Bluetooth connectivity for controller

	3/18
Spring Break
	· Prepare slides for mock up demo
(power electronics and PWM)
	· Prepare slides for mock up demo
(state transitions/algorithm)
	· Prepare slides for mock up demo
(slides for Bluetooth transmission)


	3/25
Mock-up Demos Presentation sign up(Opens Monday closes Friday)
	· Perform testing on the reliability and accuracy of sensors in affecting the stove
· Prepare for mock up presentation
	· Finish power circuitry PCB and submit 2nd draft if necessary
· Prepare for mock up presentation
	· Prepare for mock up presentation
· Finish android app for recipe transmission via Bluetooth

	4/1
Mock-up Presentations(Web sign-up, EL 159)
Last day to request 1st revision PCB(Friday)
	· 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

	4/8
Last day to request final revision PCB(Friday)
	· Ensure completion of system including the house of power electronics and stove
	· Debugging and fine-tuning of control logic, sensors and buttons
	· Debugging and fine-tuning of transmission of data from the Android device to the Bluetooth module

	4/15
Demo and Presentation sign up(Opens Monday closes Friday)
	· Prepare final report with emphasis on project deliverables(power electronics, display)
	· Prepare final report with emphasis on project deliverables (control logic, sensors)
	· Prepare final report with emphasis on Bluetooth transmission of recipe

	4/22
Demoes and Presentation
	· Prepare for demonstration with focus on power electronics and display
	· Prepare for demonstration with focus on control logic, sensors and buttons
	· Prepare for demonstration with focus on Bluetooth transmission data

	4/29
Presentations
Final Papers and lab notebook due(Wednesday 4pm

	· Finish up final report

	· Last check on all equipment for check out
	· Prepare presentation
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