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Abstract  —  The objective of this project is to create an intelligent microwave that will detect food by reading the packaging UPC code via a camera on the front panel and provide the user with cooking instructions for the identified food.  If the food is not identified, the microcontroller will send the code to the internet server to search through a database of stored UPCs and cooking instructions.  Additional features include user profiles to keep track of individual user food intake, ability to store cooking preferences, Wi-Fi connectivity, and uploading food consumption to a fitness platform via MyFitnessPal.
Index Terms  —  Home automation, microcontrollers, microwave oven, query processing, wireless communication. 
I. Introduction
N.O.M.S. takes the idea of a traditional microwave and advances the technology to be on par with technology today.  By having a “smart” microwave, users will never again have to guess at cooking times or power levels.  The microwave will have all this information saved in a database and will be able to access this information by identifying the UPC code on the package.  N.O.M.S. will also have the ability to learn.  Users will be able to set custom cooking instructions to their personal profile, so that when the same item appears in the future their custom preferences are the default cooking instructions.
N.O.M.S. has a camera and an LCD touch screen user interface embedded into the front of the microwave.  Working together, the camera provides real time feedback so that the user can better adjust the label for scanning during the scanning process.  The image collected by the camera is sent to the microcontroller, which in turn searches the onboard database in order to pull the instructions for cooking.  Finally, the user will have the ultimate say, as they will always have the ability to overwrite preferences or enter the cooking time and power manually.  
Additionally, we will add personal user profiles so that the user will be able to store servings and keep track of food intake via the user interface.  By allowing for different user profiles, N.O.M.S. will be able to accurately log food consumption for its users.  This concept is minimally introduced in our project for presentation purposes but contains the potential to be developed greatly in the future. 
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Fig. 1: High Level State Transition 
II. Subsystems
N.O.M.S is comprised of several subsystems.  The subsystems include the camera, Wi-Fi, the database containing up to 20 food items, the LCD touchscreen user interface, the TIVA C Series TM4C123GH6PMI microcontroller, power supply, and of course the microwave itself.  The subsystems are all systematically integrated in order to create the final product. 

A. Camera
The camera is a critical feature in food identification.  The PTC-08 serial camera is mounted to the front panel of the microwave.  If the user chooses to activate the Scan Now feature, the user will hold up the package of food with the UPC code facing the camera.  The camera comes out of low power mode at the time that the user selects this feature and begins grabbing images to send to the microcontroller.  JPEG image output from the camera to the LCD Touchscreen allows the user to align the UPC code so that the microcontroller can properly decode it.  After properly aligning the UPC, JPEG output allows it to be captured digitally for processing by the microcontroller by means of onboard logic.  Multiple image sizes allows us to adapt the captured image for both decoding and output to the user. 
The camera was chosen for its frame speed of 640 x 480 @ 30 fps, viewing angle of 60°, and baud rate of 115200 Bps.  We wanted a camera that would have a higher baud rate so we could transfer large amounts of data quickly, as it is important to capture and send the barcode information quickly to the microcontroller.  We also chose this camera for the low current draw of 75 mA. 
B. Wi-Fi 
For the Wi-Fi we chose to use the Texas Instruments CC3000, an industry standard chip for embedded Wi-Fi applications.  This would allow for simple ad-hoc (point-to-point) wireless configuration, as well as PC or mobile software configuration.  The onboard protocol stack allows us to implement simple SPI communication between the device and the microcontroller.  This means that we are able to avoid the complicated and difficult design of the SPI protocol, since Texas Instruments has already done this for us. 
The Wi-Fi was chosen for its 802.11 b/g integrated radio, modem, and MAC.  We wanted something that supported various security modes as well as SPI interface.  After testing the CC3000 and its SmartConfig application, we discovered that the network we use to connect with cannot be encrypted.  If the network is encrypted the SmartConfig application will not work correctly.  On a home network, this solution is viable since we can turn the password protection off.  An alternative solution is required in order to show functionality on a public password protected network.  In order to achieve a presentable NOMS project we will need to set up a router on the UCF network to use as a bridge between the CC3000 on our board and the server that contains the Oracle database containing all of the data needed to prepare microwavable food. 
The system also has a very small current draw of 260 mA and requires 3.3V DC.  Another reason we chose this device is because it is heavily supported by Texas Instruments.  Since our microcontroller is also a Texas Instruments product, we felt that the CC3000 and our prototype board, the TM4C123GXL, would have an easier time communicating.  The CC3000 was made to interact with the MSP430 and Stellaris microcontrollers primarily however, and the Tiva C Series microcontrollers are a newer line of controllers.  This means that a decent amount of porting of the old code was necessary.  Luckily, in February of this year Texas Instruments released a new version of their “TivaWare” which included a new set of source code to use in the Basic WiFi application.  With these new files, a separate version of the Basic WiFi application, and some additional work in porting old code we were able to finally allow wireless communication from the microcontroller. [1]
C. Database
For the database, we used multiple database management systems including Microsoft SQL Server 2012, Oracle, MySQL, and onboard database that we finally ended up using for the demonstration.  Each of the first three databases are highly used in the professional world. The reason multiple databases were used was in order to be able to query the database across the network from our microcontroller. We eventually migrated from Microsoft SQL Server 2012 to Oracle and MySQL because they both supported embedded SQL. These were still particularly difficult to use with a microcontroller that did not make use of an operating system however. We finally decided to implement an onboard database in a C file that would contain the food items we would use for demonstration purposes as a proof of concept.

  The NOMS database table contains multiple fields including the EAN-13 code, the cook time, and the power level to cook the item at.  The EAN-13 code is the unique key code that will identify the items in the database.  This piece of information is sent to the internal database in order to retrieve the specific data being sought (cooktime, powerlevel, and name).
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Fig. 2: Capture from Database 
D. User Interface
The user interface is one of the key elements needed for the functionality of N.O.M.S. design.  The purpose of this system is to make the microwave experience simpler and more feature rich.  The user interface must be designed intuitively enough for any user to be able to navigate. 

For this project, we have chosen the 4D Systems 32PTU 3.2” LCD-TFT display.  This display has 240 x 320 screen with integrated 4-wire and resistive touch panel.  It also allows for two serial and one I2C interfaces.  We will need this to attach the LCD to the microcontroller.  The onboard SD allows us to store information directly to the LCD, which will allows the user interface operation to be separate from the microcontroller.  The onboard compact flash allows generous storage space for advertisements, user profiles, and custom cooking instructions.  The LCD also includes on board audio amplifier and speaker, which means we can add sounds to make our microwave alert our consumers when their food has finished cooking.  The most important factor in picking this component was to make sure that our LCD provided ease of use for our user while also providing ease of integration for our project as a whole.  This board only needs 155 mA, which makes this a powerful low current board and ideal for our system.
The user interface must be able to provide the following features: a) display the time while in standby, b) provide a method whereby a UPC code can be scanned or manual cooking can be entered, c) provide method for the system to be configured, d) provide a method to enter and maintain user profiles, e) provide a method for entering and maintaining custom cooking instructions, f) display product status information while cooking.
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Fig. 3 and 4: Home Screen (Left) and Manual Screen Entry (Right)

     The home screen is the default screen, in which the user will choose between automatic or manual cooking instructions.  It allows for ability to access settings and displays the time.
The manual entry screen allows the user to set the required cooking power, as designated on the package.  It also allows the user to input cooking time.  This screen contains home button to return home and back button to return to the previous screen.  We wanted to include a traditional microwave screen so our users will have options as well as the ability to microwave items that do not contain a UPC code.
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Fig. 5 and 6: Automatic Entry (Left) and Override Screen (Right)
     The automatic entry screen is accessed by pushing the scan now button on the home page.  The user holds the food item up to the camera on the front panel of the microwave to scan the barcode.  Video feedback provides help with alignment.  Once the object is identified, description appears on the screen.  The user has an option to press start to commence cooking or the user can press the override button.  Override allows the user to implement custom cooking instructions.  These instructions can be saved to a specific user profile or to the entire microwave, depending on what the user choses.  This means that the next time the user scans the same item, the microwave will pull up the saved preferences, so long as the user is on the same profile the instructions were saved to.  The rescan button allows the user to rescan, in the event that N.O.M.S. is not able to read the barcode, or if the system obtains a faulty reading. 
E. Microcontroller

The system contains a centralized system controller which is responsible for handling the following functions: controlling the microwave magnetometer, managing and controlling the microwave haptics, interfacing with a remote database, and communicating with the user interface module.  We selected the TM4C123 series utilizes an ARM Cortex M3 core.  It has the most integrated serial interfaces of any of the microcontrollers we considered. [2]
The physical composition of the EAN-13 barcode is our primary concern.  It consists of a left quiet zone, a normal guard bar pattern, six symbol characters from number sets A and B, a centered guard bar pattern, six symbol characters from number set C, a normal guard bar pattern, and a quiet right zone. 

[image: image7.png]ceneR NoRwAL
G GAro QAR
PATTERN pATTER PATTERN
~BRIGHT HANDDIGIT GHARACTERS
WITHVARABLE PARTY WiTHASEDPARTY

v
BLEFT HANDDIGIT CHARACTERS ‘

&

e

570123451678900 |

X auerzoe
L_excopeoey

oo,
e





Fig. 7: EAN-13 Composition

The symbols within the EAN-13 code are encoded in three different sets known as A, B, and C.  [3]
	Digit

Value
	Set A element Widths
	Set B Element Widths
	Set C Element Widths

	
	S
	B
	S
	B
	S
	B
	S
	B
	S
	B
	S
	B

	0
	3
	2
	1
	1
	1
	1
	2
	3
	3
	2
	1
	1

	1
	2
	2
	2
	1
	1
	2
	2
	2
	2
	2
	2
	1

	2
	2
	1
	2
	2
	2
	2
	1
	2
	2
	1
	2
	2

	3
	1
	4
	1
	1
	1
	1
	4
	1
	1
	4
	1
	1

	4
	1
	1
	3
	2
	2
	3
	1
	1
	1
	1
	3
	2

	5
	1
	2
	3
	1
	1
	3
	2
	1
	1
	2
	3
	1

	6
	1
	1
	1
	4
	4
	1
	1
	1
	1
	1
	1
	4

	7
	1
	3
	1
	2
	2
	1
	3
	1
	1
	3
	1
	2

	8
	1
	2
	1
	3
	3
	1
	2
	1
	1
	2
	1
	3

	9
	3
	1
	1
	2
	2
	1
	1
	3
	3
	1
	1
	2


Fig. 8: Number Sets A, B, and C

Since the EAN-13 Bar code consists of only 12 symbols the thirteenth digit (leftmost) is encoded by the variable parity mix of the first six symbols. 

	Encoded

Digit
	Number Sets Used of Numbering Left half of an EAN-13 Bar Code

	
	1
	2
	3
	4
	5
	6

	0
	A
	A
	A
	A
	A
	A

	1
	A
	A
	B
	A
	B
	B

	2
	A
	A
	B
	B
	A
	B

	3
	A
	A
	B
	B
	B
	A

	4
	A
	B
	A
	A
	B
	B

	5
	A
	B
	B
	A
	A
	B

	6
	A
	B
	B
	B
	A
	A

	7
	A
	B
	A
	B
	A
	B

	8
	A
	B
	A
	B
	B
	A

	9
	A
	B
	B
	A
	B
	A


Fig. 9: Implicit Digit Encoding

The image captured by the camera will be relayed back to the SoC.  After removing noise with grayscale conversion, the data will be converted to a single 32-bit grayscale value.  We will use the Average method formula for determining these values: 

P= (R+G+B)/3


  (1)
Once converted to grayscale, we eliminate all pixels which are not black nor white and convert the image from grayscale using deskew, which detects the lines in the image using a Hough transform, calculates the slope of those lines, calculates the average skew, and rotates the image, and crop, which will eliminate blank or nearly blank lines from our image.  With the most basic image possible, the microcontroller is able to use edge detection to detect the guard bar patterns and determine the thickness of the various bars and spaces.  Once the barcode has been identified using the EAN-13 composition described above, we will run one final check digit to validate the decoded barcode.  The formula for check digit is as follows: 
N13=[N1+N3+N5+N7+N9+N11+3(N2+N4+
N6+N8+N10+N12)]%10


    (2)
F. Power Supply

While we are not designing a microwave from scratch, power supply is still an important element to consider.  The microwave is powered through the 120V AC plug which connects to a standard wall outlet.  The microwave components need both AC and DC power in order to operate.  The microwave takes the 120V AC from the wall and uses it to power the magnetron, turntable, fan motor, lights, and buzzer.  The 120V AC is stepped down to either 5V or 3.3V DC to power the microcontroller, camera, and LCD touchscreen. 
Since we are using existing microwave components, (such as the magnetron, turn table, fan motor, etc.) we must be mindful so that the new components we are adding will not overload the system.  All small appliances must be designed to operate within a 15A circuit, with a total power consumption of less than 1800 W.[4]  We have kept this in mind and chosen low voltage components which do not exceed 5V DC. 

The existing high voltage power management systems already in place in the microwave were untouched.  For our purposes it was necessary to step down this 120V AC to 5V DC.  To that end the SMAKN AC 110/220V DC 5V/4A 20W Switching Power Supply was chosen to provide power for the low voltage subsystems.  The microcontroller and WiFi module required a further step down to 3.3V DC.  The TI TPS76333 LVDO regulator was integrated onto the mainboard to provide power to these components.
G. Microwave

The microwave is an obvious subsystem required in the building of NOMS.  At first glance we believed we could use whatever microwave we happened to have access to.  Our first microwave included inverter technology which made it incredibly difficult to control the microwave itself through the means of our microcontroller.  At this point we decided it was prudent to start over with a more basic microwave.  We are using a Hamilton Beach microwave. This microwave was chosen for its simplicity of electrical wiring within, its price within the range of microwaves we felt were usable, and we knew that because we were going to need to mount our LCD and camera into the microwave it needed to be plastic that could be cut through without too much difficulty (we initially started with a metal-cased microwave). 
The microwave itself came with and added bonus of a very basic schematic that helped get us started with the wiring to the microcontroller.  We were also able to avoid having to do too much rewiring in order to assure ourselves and future users that the magnetron would not turn on unless the door was closed completely. 

The cosmetic aspect of the microwave was an important one to consider.  Due to the nature of NOMS, aesthetics are an essential aspect of the design process.  The LCD was designed with the user in mind and so we wanted to be careful with mounting our additional hardware to the microwave casing.  We were able to acquire an LCD touchscreen Bezel matching our particular part from 4D Systems.  Once we had all of our hardware we used a Dremel to cut into the front panel in order to embed our LCD frame into the microwave as seen in Fig. 10.  In addition we used a drill to put a hole into the lower part of the panel in order to fit our camera through.  Fig. 11 shows the backend of our camera pushed through the hole.  The camera lens itself detaches from the neck allowing us to mount the camera by means of the camera’s own configuration.  To ensure that we have proper focus on the camera lens we have several plastic washers that allow us to standoff from the panel. 

[image: image8]
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Fig. 10 and 11: Installed LCD Frame (Left) and Mounted Camera (right)

III. PCB DESIGN

CADSOFT Eagle was utilized in the development of the PCB which houses both the TM4C123GH6PM Tiva series microcontroller as well as the CC3000 embedded WiFi.  The primary design considerations were simplicity to control costs as well as signal integrity.  For those reasons it was decided that all analog systems, primarily high voltage management would remain off of the board.  The resulting PCB is a simple 2 layer board.  The backplane is primarily a ground plane, but due to routing issues a couple of signals are also included in this plane.  Most of the signals remain on the top plane as was the design goal.  Antenna placement and design was also a concern.  It was isolated according to design specifications included as part of the CC3000 reference design.  The board is quite small and all ancillary components (resistors, capacitors, inductors) were chosen in the 0402 package.  This helps keep undesirable electrical effects to a minimum.  The downside to this choice is that they are so small, hand assembly simply was not an option.  Therefore both board fabrication and assembly were subcontracted out.
In order to control the high voltage components while meeting the goal of isolating the mainboard from these high voltage signals an external relay assembly was used.  This opto-isolated, dual channel, high voltage relay board is used to drive both the magnetron as well as the other high voltage components using simple 3.3V GPIO output from the microcontroller.
The board includes 5 connection headers for the various subsystems which are attached to the main board a table of which is given below in Fig. 10.
	Reference Designation
	Subsystem

	J1
	Power Connection

	J2
	Door Switch

	J3
	JTAG Header

	J4
	Camera Header

	J5
	LCD Header


Fig. 12: Table of mainboard connections

The resulting PCB schematic and board layout are presented below as Fig. 11 and Fig 12. [image: image10.jpg]2
222210

=

5u

ITRG Header

araz0a

134

= ——

: e

: e

3 5
= fped

2 e
L

)

e

PR

20

£

sy

LoD Header

g zamm
—aET

3/22/2014 11:42:01 AM f=0.50 C:\Users\JaredA\Documents\eagle\Microwave\microwave.sch (Sheet: 1/1)

e

o pF

i

ew
Topr





Fig. 13: Board Schematic
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Fig. 14: PCB Layout

IV. SOFTWARE
     The overall software design philosophy was to have a minimal codebase.  While it may have been easier to run the system off of a small embedded operating system we just did not feel that the scope of the system justified the overhead.  To that end, the entire system was coded as a bare bones project directly to the Tiva C series ARM processor.  This introduced several difficulties along the way that were not foreseen in the planning stages of the project.  The end result being that there was significantly more software coding necessary than was originally intended.

     The microcontroller was actually the high point when it came to the software development for this project.  It was originally assumed that this would be the most difficult, but in fact TI has provided ample software support for development on this particular microprocessor.  Included as part of the development tools for this device is the TivaWare API.  The provided functionality is actually quite robust ranging from powerful libraries to control the communications to embedded graphic libraries and objects for designing and driving a user interface directly from the microcontroller.  All of these libraries are further embedded in ROM on the chip allowing them to be accessed quickly and without creating additional software overhead that must be loaded into the onboard FLASH memory.  This portion of the software is primarily interrupt driven.  The microcontroller waits in a low power state, only driving the clock, during most of the time.  Interrupts are driven via UART primarily from the LCD UI unit.  This is, unfortunately, where the easy development ends.  The major blocks of the design are devoted to the LCD, camera, microwave, WiFi, and bar code scanner.

     The LCD was chosen because it offered a powerful system for driving the user interface which would be easy to design.  Theoretically the 4D Systems Visi Genie environment provided a simple, visual development environment, which would allow the system to be designed with little to no coding necessary.  This was desirable since as computer and electrical engineers our primary strengths are not software development.  This unfortunately proved to be far from actuality.  While it is true that Visi Genie provides a visual development environment which requires not coding it is extremely lacking in functionality.  Even simple tasks such as running a clock proved to require convoluted workarounds to their system.  In retrospect given the extensive tools provided by the microcontroller this system would not have been used and the user interface would have been driven directly by the microcontroller.  The host driver for the LCD had to be written from scratch.  No tools or API’s were provided by the manufacturer for ease of development.  The LCD unit utilizes a message passing protocol to drive user events.  The only functionality the unit provides is to trigger this message passing to the microcontroller when an item that is part of the UI has been pressed.  All functionality needed to then be driven from the microcontroller to the UI via this same system.  This was eventually accomplished and the UI works as desired but this was, and is not an optimal solution.

     The camera presented similar issues to that of the LCD.  The camera was chosen because it performs onboard image processing.  The frame is captured, processed, and compressed into a JPEG onboard the device.  This JPEG is then sent via UART to the microcontroller.  Software libraries were supposed to be provided as a host driver for the device.  Upon receipt of the device it was discovered that these libraries were not appropriate for our device.  They were written in C++ and were specific to the Arduino.  Very little of this code was usable and a significant effort was required to port the host driver to our microcontroller.  Ultimately this device did in fact work as intended and despite the difficulties associated with porting it we are satisfied with its functionality.

     The microwave underwent two iterations.  The original microwave that we had procured utilized inverting technology to drive the magnetron.  After much research it was discovered that it would simply not be feasible to drive this device with our system without heavily modifying the design of the system board.  A second, simpler, microwave met our requirements.  The magnetron can be driven on and off with a simple relay.  Power levels are controlled via a duty cycle.  Software specific to the microwave was extremely simple and represented the easiest portion of the design.

     The WiFi is the only portion of the code that worked as intended.  This was not however without difficulty.  The CC3000 is designed to be integrated with TI microcontrollers.  A host driver is provided to this end.  However finding the software proved difficult.  The Tiva series of microcontrollers are quite new and the software repository for the CC3000 contained code only for the MSP430 line of microcontrollers.  Calls to TI yielded no results.  Finally a chance discovery in the example code provided as part of the TivaWare API for the microcontroller allowed us to locate the proper host driver for the device. 

 The scanner represented a significant challenge. We initially intended to use an existing library suited for the purpose. Zbar is an open source library that was supposedly suitable for embedded use. The first step in the process was decoding that JPEG obtained from the camera into a usable format. Zbar uses the libjpeg library for JPEG decoding. What was discovered was that this particular library required 4000K of static RAM. Our microcontroller only has 32K. In order to overcome this particular challenge we located and adapted a JPEG stream decoder for use in the project. Then upon feeding the decoded image into Zbar it was discovered that Zbar required a much higher resolution image than we could provide and the scanner simply was not usable. We wrote an entirely new scanner from the ground up to handle the very low resolution image that we had to deal with. The scanner performs a few steps that ultimately resulted in successful decoding of the barcode. The first algorithm uses edge detection to attempt to isolate the various lines that compose the barcode and convert the image into a simple black and white image. Next several horizontal lines of the image are averaged in bands to eliminate noise. The scanner then reads these lines and attempts to determine the correct symbols. This involved generating a list of possible cases that would be detected and the possible errors included in these symbols. This unfortunately meant that sometimes a symbol could be decoded as 2 different symbols. Each band’s results were then ranked to determine the most likely output. UPC-A barcodes include and checksum to enable error detection. The decoded barcode is checked against this checksum to ensure the scanner has successfully decoded the barcode. If the checksum fails the next most likely result is checked. When a decoded barcode passes the parity check it is then, lastly, checked against the database for a valid result.
V. Engineers
[image: image1]Nakiesa Faraji-Tajrishi, a senior student of the Electrical Engineering department of the University of Central Florida.  She is currently an intern at Siemens Wind Power Americas, working in the Electrical and SCADA department.  She will be graduating May 2014. 
[image: image12.jpg]


 Tim Miller, a senior student of the Computer Engineering department of the University of Central Florida.  He is currently a CWEP Systems Engineering intern at Lockheed Martin MFC.  He will be graduating in May 2014.

[image: image13.jpg]



Jared Wach, a senior student of the Computer Engineering department of the University of Central Florida.  He is currently an electrical design engineering intern at Lockheed Martin.  He will be graduating in May 2014.
VI. Conclusion

N.O.M.S. has been a challenging project.  There were many obstacles that we had to overcome.  We lost a team member between semesters, which means this team and this project had to adjust to the sudden change. With regards to N.O.M.S. we found some difficulty in communication between the individual components. However, after much patience and problem solving, we were able to make all components communicate with each other, in spite of the difficulties. We also had difficulty when it came to dissecting the microwave, as most companies do not include the full electrical manual available to consumers. We had to go through multiple microwaves before we found one that we were able to understand.
  There was, unfortunately, a lack of support from TI in particular that was assumed to be in place during components selection.  The host drivers for the CC3000 were not available and caused a great deal of difficulty in implementation.  Additionally the LCD unit suffers from finicky communications components.  This means that the desired and advertised communication speeds were unable to be reached.  Ultimately these difficulties affected both development time and the resulting performance of the system.  However we are satisfied with the results and proud of our accomplishments on this project.
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