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Introduction:
(Project manager: Alexis Rodriguez-Carlson)
We are currently in the process of designing and building a prototype of the Smart Pet Feeder, an
automated pet feeder which will be suitable for use by cats and small dogs. The Smart Pet Feeder will solve
two problems which pet owners face, they are:
1. Making sure that each pet has access to a healthy amount of food throughout the day, regardless of the
owner’s schedule
2. Making sure that each pet eats only its own food
Though there are a variety of products on the market which solve the first problem, there are none which
address the second. The Smart Pet Feeder will give pet owners a solution to both problems, thereby improving
the lives of both pets and owners by allowing the owner to:
1. Reliably provide food to a pet at the time the owner wishes
2. Keep the pet from reaching the food stored for later feedings
3. Restrict an unauthorized pet access to the feeder
The Smart Pet Feeder will look like the model in Figure 1. It will consist of a tray which holds 6 cups of
food and will be mounted to a motor. The motor and the base will be inside an enclosure that will display only
one bowl of food at a time. At predetermined times (which are programmable by the owner) the tray will rotate
and reveal a fresh cup of food.
The Smart Pet Feeder is designed to feed only one pet. To make sure that no “forbidden pet” eats the
food in this feeder there will be a radio frequency identification (RFID) reader mounted to the enclosure of the
feeder in front of the revealed bowl (see Figure 1). This reader will be paired with a tag on the forbidden pet’s
collar. When the reader receives the signal from the tag it will trigger the motor to rotate so that the spot on the
tray with no bowl is exposed, thus keeping the forbidden pet from eating.
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Figure 1: Model of the Smart Pet Feeder
The Smart Pet Feeder consists of three main systems: the Control System, the Motor System, and the
Feeder Enclosure (see Figure 2). Each system has a role or roles which it must fulfill. The Control System’s
purpose is to rotate the tray to a new dish at a programmable time, to rotate the tray to the blank spot if the
forbidden pet approaches the feeder, to keep and display an accurate real-time clock, and to allow the owner to
easily set both the current time and the time the feeder will rotate to reveal fresh food. The Motor System has to
be capable of receiving commands from the microcontroller and then rotating the fully loaded tray an exact
distance, and it also must not let the full weight of the tray sit on the shaft of the motor. The Feeder Enclosure
must be heavy enough so that a pet cannot turn it over. It must close securely enough that the pet cannot open it
and access the food. It must be opened easily so that the owner can refill the dishes, and must protect the
electronics inside of it. Also, all of the parts of the feeder that touch food must be washable. A block diagram
showing all of the systems and how they interact with one another is in Figure 2.
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Figure 2: System Block Diagram
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Progress-to-date:
Because the systems that make up the Smart Pet Feeder are so distinct, it is easiest to discuss them one
at a time. This section will give a detailed description of each system and how that system helps to fulfill the
requirements for the Smart Pet Feeder described above. It will start with the Control System, progress to the
Motor System, and end with the Feeder Enclosure.
The Control System:
The Control System consists of several subsystems: the Pet Sensing System, the Processing System, the
Time Keeping System, the Display System, and the Motor Driving System (this subsystem is also part of the
Motor System and will be discussed later). This section will detail the requirements for each subsystem in
Figure 3, the criteria used to select components, and describe the component that was ultimately chosen to be
used.

Figure 3: The Control System
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The Pet Sensing System:
(Primarily responsible team members: Kristine McCarthy, Alexis Rodriguez-Carlson)
The Pet Sensing System fulfills the design objective to create a product that can distinguish between
different animals in order to not allow the forbidden pet to eat from the feeder. In order to do this it is necessary
for the forbidden pet to wear an emitter on its collar that a sensor on the feeder can detect and then react to.
Our requirements for the emitter/sensor pair are:
1. That the emitter be small enough to be worn comfortably on the pet’s collar
2. That the emitter does not pose any health risks to the pet
3. That the sensor fit on the feeder
4. That the sensor be able to interface with the microcontroller
5. That the sensor be able to react to the emitter while the pet is still 4-6 inches away from the feeder
The first type of emitter/sensor system that we considered was an infrared emitter paired with a photo
transistor since it appeared to satisfy all of our requirements. We knew that the emitter could be mounted on a
pet’s collar, because this type of technology is already being used in products such as the Staywell Infrared Cat
Door (see Figure 4) (this cat door will only open to a cat wearing the correct infrared collar key). It offers no
health risks to the pet. Also, infrared sensors come in extremely small sizes, so it could be mounted easily on
the feeder and could be interfaced with the microcontroller via a signal conditioning circuit to covert the analog
output voltage to an on/off signal. The only condition that we were not sure it fulfilled was the distance the
sensor could be from the emitter before it reacted, tests were necessary to determine this.
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Figure 4: The Staywell Infra-Red Cat Door and the Infra-Red Collar Key [1]
To avoid the time and expense of designing an emitter system, we decided to use a Staywell Collar Key
(see Figure 5). This is a small enclosure which holds two batteries and a circuit board with an infrared LED
mounted on it.

Figure 5: The Staywell Infra-Red Collar Key [2]
After doing some research on infrared sensors, we decided to use a phototransistor. A phototransistor
reacts to changes in light with a change in the voltage output from the emitter. Since phototransistors are
relatively inexpensive, we ordered four different models to test with the collar key. Their average cost being
about $0.36 apiece.
The phototransistors we ordered were the Sharp PT501, the Sharp PT481, the Sharp PT4800F, and the
Fairchild QSC112. All of these phototransistors have only two leads, the collector and the emitter. With the
help of Joseph Diecidue, we tested them by connecting a 5V power supply to the collector and either a 100 Ω or
1 kΩ resistor between the emitter and ground. Then, we measured the output voltage across that resistor (see
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Figure 6). The collar key was held a varying distances from the phototransistor and the phototransistor’s
reaction was noted.

Figure 6: Phototransistor Test Circuit
The results were less then ideal. As seen in Table 1, the voltage change due to the presence of infrared
light was a maximum of 75.31 mV. These readings were achieved only by holding the emitter less than 2
inches from the phototransistor, which was much shorter than the required sensing distance for the Smart Pet
Feeder. In addition, all of the phototransistors reacted more strongly to changes in ambient light than they did
to the emitter, even those which claimed to be unreactive to light in the visible spectrum.

Table 1: Test results for the phototransistors
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We searched for phototransistors whose ranges were longer and found that infrared sensors of a small
enough size to use in our product are simply not made to sense a source more than a few inches away. While
clearly a similar system can be made to work, as it does work for the Staywell Infra-Red Cat Door, we were not
confident that we could create a working system within the time left to complete this project. We then started
looking for a different solution.
After researching other sensors, we have chosen to use an RFID tag/reader combination in order to
fulfill the main design objective of the Pet Sensing System, which is to detect and react to the approach of the
forbidden pet. After looking into a few different companies, we decided to use a Parallax tag/reader
combination for a few different reasons. The transponder tags come in very small sizes so a tag can easily be
placed on a pet’s collar, the sensor is small enough to be mounted to the feeder and can be easily interfaced with
the microcontroller (it is a logic device), and we know they have a read range of at least 2 to 4 inches [3]. Also,
we have spoken with the manufacturer and know that if we mount the reader behind the cover, which is going
to be made out of some sort of acrylic or plexi-glass, it will still function properly. Finally, we have used
products from Parallax in the past and were pleased with their quality and performance.
Radio frequency identification (RFID) chips are a being used in an increasing number of every day
applications. These applications include postage (shipping labels), pet identification via implants (tracking
devices), and key cards (school ID cards) [3]. All of these are examples of passive RFID tags or transponders.
A passive tag is one that does not have an internal power source and is only operational when a reader is near by
and trying to access it. The signal the reader sends is just enough to power the chip long enough to send a
signal. This allows them to be used in situations where it is not practical to have a power source or where it is
undesirable to have constant radio transmissions. These tags are only useful in applications where short reading
distances will be used since they only have a read distance of about 2 to 4 inches [3][4].
Another type of RFID tag is an active tag. Active tags have an internal battery and are constantly
looking for the reader signal and sending its own signal to the reader. These tags are generally more reliable
than passive tags, because they are able to initialize the session with the reader, generate stronger signals, and
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have longer read distances, some of which some are up to 1500 ft. They also tend to be larger in size since they
have the onboard power source [3].
One aspect that had to be researched carefully before considering an active tag for the Smart Pet Feeder
was the potential for health risks in the pet wearing the active tag. Some studies have shown that RFID chips
embedded in lab rats and mice may have caused tumors to form near the site of the chip [5]. However, after
doing research on the subject, we found several factors which make us comfortable placing an active tag on the
collar of a pet. For example, thousands of tags have been implanted in humans and thus far, no cases have been
reported where a tumor has formed [6]. Additionally, Dr. George Demetri, director of the Center for Sarcoma
and Bone Oncology at the Dana-Farber Cancer Institute in Boston, said that the incidences of tumors in the rats
were reasonably small [5]. This view is further supported by Dr. Cheryl London, who is a veterinary oncologist
at Ohio State University, who noted: "It's much easier to cause cancer in mice than it is in people. So it may be
that what you're seeing in mice represents an exaggerated phenomenon of what may occur in people [5]." It is
also important to note that all the incidents where cancer was said to be caused by RFID tags have occurred
when the tag was implanted in the animal.
We are also confident that this technology is safe to use in our application, as it has been approved by
the FDA for implantation in humans. There are already proposed plans of placing RFID chips under the skin of
humans in order to store medical information. These chips would act like a medical alert bracelets worn today
[6][7]. There is one company, Applied Digital Solutions, which has received the FDA approval for this
procedure [7].
As we are not planning to implant the tag in the animal, and since there are already products which use
RFID technology (such as the PetSage Electronic SmartDoor Pet Door [8]) and we have found no sources
which link these products to any health risks for the pet, we feel at this time that it would not pose a risk to the
pet’s health to use an active tag should it be necessary, but that we will continue to follow the research for new
developments.
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It is possible that the health risks associated with active tags will not be a concern to us, however,
because it is not clear at this time whether an active or a passive tag will work best for our application. At least
one of each type being considered has been purchased and testing will be done in order to determine which one
is the proper type to use. We would prefer to use the passive tag because of the size difference, the lack of
battery, and the lesser amount of radio signals present, but if the passive tag does not serve our purposes, we are
comfortable using the active tag.
There were a few non-health related problems with the RFID tags and reader that we had to consider
before purchasing them. The first is that they are considerably more expensive than the IR system we originally
looked at. The passive RFID tags cost $2.75, but the active tag was about $7.00, and the reader was almost
$40.00. This is more than we had originally budgeted for the sensors but could be take from the contingency
fund.
The other problem with the RFID chips was size. The passive tags range anywhere from a round 25mm
sticker to a credit card sized tag [3]. The sticker is not a problem since it is about the size of an ID tag on a cat’s
collar, as seen in Figure 7, but the credit card sized tag is simply much too large, as pictured in Figure 8.

Figure 7: Passive RFID sticker [3]
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Figure 8: Passive RFID tag (credit card sized) [3]

The active tag we have ordered is the size of a thin key fob and is pictured in Figure 9.

Figure 9: Active RFID Fob [3]

Additionally, the reader is much larger in size than the IR phototransistor. It is about 2.5 in x 3.25 in. as
seen in Figure 10. This may be cumbersome, but we believe that we have come up with a solution to the size
issue, which will be discussed in the Feeder Enclosure section.
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Figure 10: RFID Reader Module [3]
The integration of this technology into our project is simple. The reader module will be mounted on the
feeder body and the tag on the collar of the forbidden pet. If the forbidden pet approaches the feeder, the reader
will receive a signal from the tag and send a message to the microcontroller, which will trigger the motor to
rotate the tray to the empty spot, thereby not allowing the forbidden pet to eat. The pet that is supposed to eat
from the feeder will not wear a tag and will therefore be allowed to eat from the feeder as long as there is still
food available.
In review, the criteria for the Pet Sensing system were that the emitter be small enough to be worn
comfortably on the pet’s collar, that the emitter not pose any health risks to the pet, that the sensor fit on the
feeder, that the system be able to interface with the microcontroller, and that the reader be able to react to the
emitter while the pet is still 4-6 inches away from the feeder. We are confident that this technology will allow
us to effectively fulfill all of the criteria above. The tag will not cause the forbidden pet discomfort since it is
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not bulky, we are now confident that it will not present any health risks to the pet. The reader can be mounted
to the body of the feeder and while easily interfacing with the microcontroller. The system will allow the Smart
Pet Feeder to recognize the approach of the forbidden pet and to react accordingly while the forbidden pet is
still several inches away from the feeder.
The Processing System:
(Primarily responsible team member: Alexis Rodriguez-Carlson)
The Processing System is responsible for the integration and control of the Control System and the
Motor System, as well as the different subsystems that make up the Control System. It consists of two parts: a
microcontroller and the program. The requirements for a microcontroller are:
1. It must be capable of interfacing with all of the other components that make up the Smart Pet Feeder
2. It must have enough memory to hold the programming required to control all of the components
3. It must have enough RAM to run the program
4. It must be affordable
With these requirements in mind, we have chosen to use the Axiom CML12S-DP512 Development
Board, which uses the Motorola MC9S1DP512 microprocessor (see Figure 11).
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Figure 11: The Axiom CML12S-DP512 Development Board
The CML12S was chosen largely due to its affordability, since one of the team members already owned
one. It exceeds all of the other requirements, as it has up to 91 in/out ports available to interface with outside
equipment, 4 kB of EEPROM and 512 kB of Flash EEPROM to store the program, and 14 kB of SRAM
available [9][10]. In future versions of this product a less powerful, less expensive microcontroller would be
used, but for now the CML12S will give us ample resources for programming and interfacing without worrying
about running out of ports or memory. The electrical and control schematic, which details how all of the
components will be connected to the CML12S is in Figure 12.
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Figure 12: Electrical and Control Schematic
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The Time Keeping System:
(Primarily responsible team member: Kristine McCarthy)
One of the subsystems of the Control System is the Time Keeping system. This is the portion of the
design that will keep time, allow the user to program when the feeder should rotate in order to reveal a fresh
bowl of food, as well as provide incremental timing. The criteria that this system must meet are:
1. To allow the user to set the time on the clock
2. To tell the feeder to rotate at specific times during the day to reveal fresh food
3. Use a toggle switch as a manual override to prevent the bowls from rotating
4. Allow the user to set the location of the bowls after the time is set
5. When the toggle switch is turned off, allow the program to rotate the bowl to the proper location and
also power the RFID module back on to begin searching for the tag
6. Provide incremental timing
To fulfill these requirements, we chose to use three main parts: buttons, a switch, and the real time clock
chip (RTC chip). Each of these three components will serve their own function for programming and time
keeping while working together.
First, there are the buttons. These are to be used much like the buttons on an alarm clock. Their main
function will be to set the time into the RTC as well as to program when the feeder will rotate to reveal fresh
food. It eliminates the need for the user to have a computer that is capable of interfacing with the
microcontroller and it also means that they do not need the IDE or the knowledge of a programming language to
set it. One of the buttons is pictured in Figure 13.
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Figure 13: Programming Button (photograph by Kristine McCarthy)
Next, there is the switch. The switch is a normal toggle switch that you see every day in many
applications. As pictured in Figure 14, it is in the on position. We have decided to incorporate the switch so the
user can suspend the feeder’s operation. This will allow the user to refill the dishes without the worry of the
feeder beginning to turn. This could happen if the user were filling the feeder at the time it is set to rotate, or if
the forbidden pet approached the feeder while the owner is filling the dishes, causing the reader to pick up the
signal and subsequently turn back to an empty spot. With this system, every subprogram in our main program
will first check to see if the switch is in the on or off position. For example, if the switch is off, all programs
and subprograms will execute normally. Please see the program section for further detail on this operation.

Figure 14: On/Off Toggle Switch [12]
The heart of the Time Keeping System is the real time clock (RTC) chip. An RTC is a chip that stores
data for projects that utilize real time applications. It allows the programmer to store time of day data as well as
alarm data to be used at a specific time. The DS1286 Watchdog Timekeeper from Dallas Semiconductor,
pictured in Figure 15, is an RTC chip that is capable of keeping track of time to the hundredth of a second and is
accurate to ± 1 minute per month. It comes in a 28 pin encapsulated package and has an embedded lithium
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power source that maintains the data on the chip in the event of power loss as well as a quartz crystal for timing.
The chip is so intelligent that after being set, it knows the date, year, month, knows if the month has less than 31
days, and compensates for leap years [14].
The reason we chose to use this chip in our design is that it will allow us to output a time on an LCD
panel and will also allow the user to program what time the “alarms” will go off. In this case, the alarms will be
a signal sent from the chip at the user-programmed time in order to tell the microcontroller that it is time to turn
the stepper motor to reveal a fresh meal. It is also useful in that it allows the user the freedom of moving the
unit without having to reset the time and alarms. Since the chip has a battery backup, all of the data, times, and
programming will be stored in the chip if the system loses power even though the LCD panel will not display it
[14].

Figure 15: DS1286 Watchdog Timekeeper [13]
The chip has two different types of alarms. There is the Watchdog Alarm and the Time of Day alarm.
The time of day alarm is just like a regular alarm and the RTC outputs a signal when the preprogrammed time is
reached. This function will be used to tell the microcontroller that it is time to turn the stepper motor to reveal a
new dish. The Watchdog Alarm functions as a counter. A time is set into the correct register on the chip and
that amount of time is counted down to zero [14]. This is the function that will be used to delay the pet
detection program after the tag on the forbidden pet has been detected and the bowl has rotated. For example, if
the forbidden pet approaches the bowl, the reader on the bowl will detect the tag worn on the collar of the pet
and it will send a signal to the microcontroller and cause the bowl to rotate. Once this has happened, the
Watchdog timer will begin a 30-second countdown in order to allow the pet time to walk away before the reader
tries to sense the collar again. Once the countdown reaches zero, the program will check the reader to see if the
tag is sending a signal again.
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In summary, the functions of the timing system will be to allow the user to easily set the clock, to
program a desired time to reveal a fresh bowl of food, allow the user to decide the positioning of the tray after
the time of day is set, allow the feeder to run the main and subprograms when the override is not initiated, and
to provide incremental timing. The chip, buttons, and switch allow us to accomplish all of this easily and
effectively by allowing ease of use and a wide range of possibilities as the chip can be programmed to feed the
pet at any time the user desires.
The Display System:
(Primarily responsible team member: Rachel Heil)
The display system consists of an liquid crystal display (LCD) panel which will display the time, options
for setting the feeder to a specific bowl, and the time at which it should rotate.
The requirements for the LCD panel are as follows:
1. That it is cost effective
2. That it is compatible with the CML12S microcontroller
3. That it be capable of displaying the time and text necessary for the user to program the feeder

Figure 16: The LCD panel and its connector
The display chosen is a generic LCD panel. This panel was chosen because it is expressly manufactured
to work with the CML12S. The selected LCD panel is shown in Figure 16. Exact details and data on the
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display are unavailable and the specific details on exactly how it is going to work with the CML12S are still
being determined. However, we do know it easily connects to the microcontroller through the LCD port on the
CML12S. Another reason the LCD panel was chosen is that it is affordable at a price of $35. This panel will
be able to display four lines of text that are twenty characters long. This should provide ample amount of space
to display the time and setting options necessary. A short program will be created to control what the LCD
panel displays.
The IDE:
(Primarily responsible team member: Rachel Heil)
The Integrated Development Environment (IDE) is the software in which we will write and compile the
code that will control the microcontroller. The requirements for the IDE are as follows:
1. That it is cost effective
2. That it allows each team member to have a copy of the software in order for each team member to
program simultaneously
3. That it be compatible with the HC12 microcontroller
4. That it allow us to program using the C language
5. That it be easy to use
The IDE that has been chosen is Embedded GNU. This software fully meets all of our requirements. It
is an open source software package, which means that it is completely free with no expiring trial period. This is
ideal, as we are working on a budget and will be using the software longer than the typical 45-day trial period.
This also allows us to each have the software on our computers, thus allowing simultaneous programming.
Other programs that were looked into were Image Craft, miniIDE, AxIDE, and CodeWarrior. Each of
these had their own conflicts. The conflict encountered with the Image Craft software was that it had a trial
period of 45 days that would make it more difficult for us to program simultaneously. When trying to use
CodeWarrior, a nice program which was available to us free of cost, a communication issue arose which
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wouldn’t allow the board to talk to the computer. The only issue with the miniIDE and AxIDE programs was
that they did not allow for C programming, which was an essential requirement for choosing an IDE.
Another main reason that the Embedded GNU software was chosen is that it allows us to do the
programming for our project in the C language. The advantage to using an IDE that allows us to program in C
is that we are already familiar with the C language. Since we are all familiar with C, this seemed to be the
logical language to use. This allows us to spread out the programming workload so that no one person is
responsible for all programming and it can be done in a more reasonable period of time. Programming in C is
crucial so that we are not wasting time trying to learn how to program in an unfamiliar language or the more
tedious and time consuming Assembly language.
The software has been tested with the CML12S and allows communication, memory modification, and
programming. The interface is fairly simple and easy to use. It is similar to programs in which the team
members have used previously in order to program using the HC11 microcontrollers.
The Program:
(Primarily responsible team member: Alexis Rodriguez-Carlson)
The program is still very much in the planning stage. At this point, it is thought that it will consist of a
main program and at least 4 sub-programs.

Figure 17: Block diagram of the program
The criteria for the program are that it:
1. Control the microcontroller and all of the components (Main Program)
2. Provide a means for the user to set the time (Clockset Program)
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3. Provide a means for the user to program the time that the motor will rotate to reveal fresh food (Clockset
Program)
4. Provide a way for the user to suspend operation while refilling the food dishes (Clockset Program)
5. Keep track of which dish is revealed so that the system knows how far it must rotate to reveal the blank
spot (Feeding Time Program)
6. Monitor the RTC chip to see if it is sending an alarm signal (Feeding Time Program)
7. Monitor the RFID reader to see if it is receiving a signal from the tag (Pet Detect Program)
At this time, a rough algorithm for the Main program, the Feeding Time, and the Pet Detect Program
have been created and can be seen in the following section.
Program Algorithms:
(Primarily responsible team member: Alexis Rodriguez-Carlson)
Definition of variables:
BOWL – an integer variable which represents the location on the tray revealed by the feeder according
to Figure 18 below. The blue circle represents the location currently revealed by the feeder, and the circle
labeled 0 is the blank spot.

Figure 18: A not-to-scale representation of the pet feeder tray
SLICE – A floating number variable which represents the distance the motor must rotate in order to
advance the tray to the next numbered location
Main Program:
1. Check to see if the override switch is on
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a. If the switch is on, call the Clockset subprogram
b. It the switch is off, call the Pet Detect subprogram

Figure 19: Flowchart of Main Program
Pet Detect Program:
1. Check to see if the override switch is on
a. If the switch is on, call the Clockset subprogram
b. If the switch is off, check to see if the RFID Reader is receiving a signal from the tag
i. If it is not, call the Feeding Time Program
ii. If it is, trigger the motor to rotate the tray counter clockwise a distance of BOWL x
SLICE
iii. After rotation, wait 30 seconds (using the timer feature of the RTC), then check to see if
the RFID Reader is receiving a signal
1. If is it is, go back to Line 1.b.iii
2. If it is not, trigger the motor to rotate the tray clockwise a distance of BOWL x
SLICE
3. Call the Feeding Time subprogram
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Figure 20: Flowchart for Pet Detect subprogram

Feeding Time Program:
1. Check to see if the override switch is on
a. If the switch is on, call the Clockset subprogram
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b. If the switch is off, check to see if the RTC is sending an alarm signal
i. If the RTC is not sending a signal, call the Pet Detect subprogram
ii. If the RTC is sending a signal, increment the variable BOWL by 1
iii. After incrementing, check to see if the RFID Reader is receiving a signal from the tag
1. If the RFID Reader is not receiving a signal from the tag, trigger the motor to
rotate the tray clockwise a distance of SLICE
2. If the RFID Reader is receiving a signal from the tag, trigger the motor to rotate
the tray counter clockwise a distance of (BOWL-1) x SLICE
a. After rotation, wait 30 seconds (using the timer feature of the RTC), then
check to see if the RFID Reader is receiving a signal from the tag
i. If the RFID Reader is receiving a signal, go back to Line 1.b.iii.2.a
ii. If RFID Reader is not receiving a signal, trigger the motor to rotate
the tray clockwise a distance of BOWL x SLICE
iv. Check to see if BOWL is equal to 7
1. If BOWL is equal to 7, set BOWL equal to 0
a. Then, call the Pet Detect subprogram
2. If BOWL is not equal to 7, call the Pet Detect subprogram
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Figure 21: Flowchart of Feeding Time subprogram
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The Motor System:
(Primarily responsible team member: Filip Rege)
As Figure 22 shows, the motor system consists of the following components: stepping motor, motor
driver, power supply and tray support.

Figure 22: Block Diagram of the Motor System

The stepping motor provides rotational motion for the tray with the bowls whenever it receives a
command to do so from the microcontroller. There are two scenarios when this happens. The first one is the
user programmed feeding time and the second one is the proximity of the forbidden pet.
The reason why we selected a stepping motor over another type of motor is its ability to rotate in precise
steps as opposed to spinning continuously, like a DC motor for example, and it does not require position
feedback like a servo motor.
The motor to be selected for the Smart Pet Feeder has to:
•

To be able to be controlled by the CML12S

•

Be able to rotate the fully loaded food tray (including pet food) to a precise location

•

Not be more expensive than $50.00
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After choosing to use a stepping motor the following questions need to be answered. Should the motor
be unipolar or bipolar? What does the output torque need to be so the motor can operate at the desired speed
and with the right acceleration? How fine should the step size be?
The difference between a unipolar and a bipolar motor is the complexity of their internal coils winding.
The bipolar motor is much simpler in terms of its internal construction, has a higher torque-to-size ratio than a
unipolar motor but requires a much more complex external circuitry to control it. A unipolar motor, on the
other hand, is more complex in terms of its internal arrangements, has less torque than a bipolar motor of the
same size, is more expensive but also is much easier to control. Because our design team worked with unipolar
motors in the past, it was our first choice for the automated pet feeder.
Traditionally, a number of mathematical equations would be used to calculate the needed output torque
and the motor’s power consumption. However, there is an easier way. Lin Engineering, a California-based
company that specializes in motor design and manufacture, offers an easy-to-use tool for a stepping motor
selection on their website. Figure 23 and Figure 24 are screenshots showing the use of this tool. The shape and
size of the load are entered in the appropriate fields as well as the maximum desired speed and acceleration in
addition to the available power specifications. For this project, the weight of the load was determined using
SolidWorks. The necessary maximum speed of the motor and the time to reach this speed were estimated at 1
RPS (Revolution Per Second) and 0.5 second, respectively. These values resulted mainly from customer
complaints about similar products that are currently at the market. These state that the speed at which the cover
rotates is too slow, which allows the pet to eat while the feeder is in motion.
The next choice to be made is the size of the step. A stepping motor is designed to revolve in precise
increments, or steps, in addition to continuous rotation. One step is typically the smallest distance the motor
can turn, although some motors allow for micro stepping as well. The step size depends on the motor but 1.8°
step and 0.9° step are the most common. Generally, the smaller the step size the more precise the motor’s
movement.
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With the help of the Lin Engineering’s online motor selection process we chose to use the 4118M-06
unipolar stepping motor. It has more than enough torque to turn the tray full of pet food at the maximum speed
of 1 RPS. Its 1.8° step size guarantees good accuracy when revolving the tray.

Figure 23: First Step in Motor Selection
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Figure 24: Second Step in Motor Selection
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Figure 25: Third Step in Motor Selection
Once the power consumption of a stepping motor is known a power supply can be selected. The
following requirements must be considered:
•

Compatibility with the motor

•

Cost effective (less then $30.00)

Lin Engineering recommends the PS1-100-24 (Figure 26), a source with 120VAC input and 24V DC
output capable of delivering up to 4.5A of current. Since the motor needs only 1.5A at 24V DC this power
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source is more then adequate. Because the HC12 can neither deliver nor receive more than 60mA it must be
isolated from the motor by a driver chip.

Figure 26: PS1-100W-24 Power Supply
A driver chip is an integrated circuit (IC) that serves two purposes: it controls the flow of the current
through the motor and protects the microcontroller from the motor’s high current. Different types of drivers
exist and one needs to select the appropriate chip depending on the type of motor and its power rating. The
driver chip we chose to use had to meet the following criteria:
•

It had to be capable of handling the voltage (24V DC) and the current (1.5A) necessary for the motor’s
operation.

•

It had to be easily interfaced with the microcontroller

•

It should cost less then $10.00
The SanKen manufactured SLA7026M (Figure 27) driver chip is a good choice for the 4118M-06

because it meets all the requirements: it is capable of handling up to 5.0A of current and up to 46VDC, which is
more than enough considering that the motor draws only 1.5A at 24VDC.
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Figure 27: SLA7026M Driver Chip
The Feeder Enclosure:
(Primarily responsible team members: Filip Rege)
The main function of the feeder enclosure is to provide protection for the electronics inside, and to
prevent the pet from accessing the food stored for later feedings. In order to achieve these goals it has to:
•

Be strong enough to withstand the weight of the pet

•

Be capable of preventing the pet from accessing food stored for later meals

•

Provide access to the food at the same location every time

•

Be heavy enough to prevent the pet from turning it over

•

Have a removable cover so the user can easily access the bowls

•

Have easily removable dish-washer safe bowls
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Figure 28: Block Diagram of the Feeder Enclosure Subsystem

As Figure 28 and Figure 29 show, the Feeder Enclosure consists of several parts: the base, the body and
the lid. Inside the enclosure, there is the food tray with the bowls and the motor system. The base is to be made
of dense material in order to keep the feeder’s center of gravity low to prevent the pet from turning it over and
eating the food stored in it. The body will most likely be made of aluminum and there will be a clear acrylic
enclosure on the front panel to house the receiver. The food tray has already been machined from 6061
aluminum alloy. The lid is also going to be clear acrylic so the user can see how much food is left in the feeder.
It will be secured to the rest of the enclosure with a thumb screw that will make it both easy to remove and
sturdy enough so that the pet will not be able to get to the food inside.
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Figure 29: Exploded View of the Feeder Body
We are planning on using a tray support to isolate the weight of the load from the motor’s shaft.
Stepping motors are designed to carry torsional loads but not axial loads. In other words, they are not equipped
to withstand with loads that either pull or push on the shaft of the motor.
Because this component is still in the developmental stage its final form has not yet been determined. It
will, most likely, be a rectangular plate machined from 6061 aluminum alloy with a circular hole in the middle.
The motor will be fastened to the bottom of the plate so that its shaft protrudes through the hole. A rotary table
(Figure 30) will be mounted in between the top of the plate and the bottom of the food tray. This composition
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will allow for the motor’s shaft to be physically connected to the food tray but at the same time it will prevent
the weight of the tray to rest on the motor’s shaft.

Figure 30: Rotary Table
In summary, the 4118M-06 stepping motor will turn the tray with pet food to reveal a fresh serving at
user preset times. It will also turn the tray to the empty position (Figure 29) every time the RFID reader
registers the proximity of the “forbidden” pet. The motor will be connected to the microcontroller as well as to
the PS1-100-24 power supply through the SLA7026M driver chip. The feeder enclosure will prevent the pets
from accessing the food stored inside of it either by turning the feeder over or by pulling the lid off. At the
same time, it will be easy for the user to remove the lid to clean or refill the food bowls. Additionally, the
enclosure will provide protection to the electronic components inside of it. The weight of the tray will be
isolated from the motor’s shaft by interfacing both with the tray support.
Problem Areas:
We have encountered several problems during this process. Early on, one of our team members had a
death in the family and could not be present for the oral proposal. Then, we determined that we could not use
an infrared system for the Pet Sensing System. Though we solved that immediate problem by moving to an
RFID system, that system is currently on back order and will not arrive until late March. Lastly, the process of
choosing and procuring a motor has been rather difficult.
Presenting the proposal without all of the team members present meant that everyone had to do a little
more speaking, but the team was well-prepared and the presentation came together very well. This absence also
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caused us to fall slightly behind schedule in that we did not have all of the components chosen as early as we
had hoped. Nevertheless, with a little extra work we were able to catch up and order the components on the
date we planned.
The next issue came from the infrared system. In our initial stages of design, we had chosen to use an
infrared emitter/sensor pair for the Pet Sensing System. We purchased an emitter designed to be used on a pet
collar (see Figure 5) and ordered several sensors. When testing these sensors, we discovered that the sensors
did not have a large enough read distance or angle for our purposes. This was a possibility we were prepared
for, but had decided to chance it because the sensors are relatively cheap and the company we ordered them
from shipped them very quickly, so it was not a huge loss of time or money.
In order to resolve this problem, we consulted with one of the lab technicians at Wentworth and he
recommended using an RFID system instead. After some research we have ordered a Parallax RFID Reader
and three tags (two passive and one active). Unfortunately, after ordering these components, we received
notification that the receiver was out of stock and that they would not be able to ship the order until March 14 so
we will not be able to test these components until late March. This is not an insurmountable problem because
we know that the tags will work with this reader since they were manufactured to do so. In the meantime, we
can simulate a signal from the RFID Reader to test our program should we need to.
Our final problem was with the stepper motor that we ordered. We had intended to order a unipolar
motor, but accidently order a bipolar motor. The circuitry for a bipolar motor is much more complex and none
of us have any experience with the programming for bipolar motors. Also, the driver chips which we bought to
control the motor will not work with a bipolar motor. This problem was resolved by calling the company and
arranging to return the motor and then ordering a unipolar motor from another company. This motor should
arrive during spring break.
Thus far, we have not encountered any financial problems since we included a contingency fund in our
budget. Also, we have been able to get some of the materials for the manufacture of the feeder enclosure free of
charge. This has come in very handy since we have run into unexpected expenses associated with changing
Page 39 of 90

sensor types and because we had failed to account for the shipping charges associated with each of the items we
have ordered.
Plans for the Next Reporting Period:
For the next few weeks, there are many tasks planned that center around programming and finalization
of design. These tasks include preliminary code and flow charts for the Feeding Time and Motor Rotate
subprograms, and learning how to use the RTC to keep time, send triggers to the microcontroller, and to
measure time increments. Also, we need to become more familiar with the IDE we have chosen to use.
As far as the more physical aspect of our design, there are a few key items that still need to be designed
and purchased. First, we need to purchase the material for the base and cover of the feeder and then machine
those parts. Next, we need to finalize the design for a system that will keep the weight of the tray off of the
shaft of the stepper motor. Once this is designed, parts can be ordered and the system can be built.
Once all of this is completed we will assemble the pieces into a working prototype. Our goal is to have
the prototype completed by the middle of April in order to have time before the final presentation to test the
system, including trials with real animals, and to debug and troubleshoot any problems which may arise.
For details, please see the Gantt chart on the following pages, which details the time from March 1, 2008
until April 30, 2008.
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Figure 31: Gantt Chart for March and April 2008 part 1
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Figure 32: Gantt Chart for March and April 2008 part 2
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Schedule Status:
At this time, we are exactly on schedule with two exceptions: we had planned to have all of the major
components in hand by March 1, and we will not have the RFID Reader with the tags and the motor until mid
March. Please see the Gantt chart on the following pages, which details the time from January 28,2008 until
March 1, 2008.
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Figure 33: Gantt Chart for January and February 2008 part 1
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Figure 34: Gantt Chart for January and February 2008 part 2
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Figure 35: Gantt Chart for January and February 2008 part 2
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