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Abstract:
This paper details the process of the design and manufacturing of a prototype of
The Smart Pet Feeder, an automated feeder which is capable of preventing one pet from
eating another pet’s food. The goals of this design project were to create a feeder which
would hold 6 meals to be revealed at user-programmable times and would allow only
authorized pets to eat from the feeder. If an unauthorized (or “forbidden”) pet were to
approach the feeder, then the food would be hidden until the forbidden pet had left. The
ability to keep a forbidden pet from eating another pet’s food is unique to The Smart Pet
Feeder since there is no product on the market at this time which even attempts to do this.
Ultimately, the prototype did successfully prevent a forbidden pet from eating the food it
held. Unfortunately, the timing mechanism did not work, but with more time,
functionality would have been attained and the prototype would have fulfilled all of the
goals laid out for it.

i

Table of Contents:
Abstract:............................................................................................................................... i
Table of Contents:............................................................................................................... ii
I. Introduction: ................................................................................................................... 1
II. Objectives:..................................................................................................................... 3
III. Research and Design.................................................................................................... 4
III. A. The System and Subsystems:.............................................................................. 4
III.A.i. The Feeder Enclosure: ................................................................................... 7
III.A.ii. The Motor System: ..................................................................................... 12
The Tray Support System: ........................................................................................ 22
III.A.iii. The Control System: .................................................................................. 28
III.A.iii.a. The Pet Sensing System:..................................................................... 29
III.A.iii.b. The Time Keeping System: ................................................................ 44
III.A.iii.c. The Processing System: ...................................................................... 52
III.B. The Results:........................................................................................................ 57
IV. Discussion:................................................................................................................. 58
V. Conclusion: ................................................................................................................. 59
VI. Acknowledgements: .................................................................................................. 61
VII. References: ............................................................................................................... 62
Appendix A: Program Codes:.......................................................................................... 67
Appendix B: Data Sheets:................................................................................................ 88

ii

I. Introduction:
Pet care is a multi-billion dollar industry is the US and is the second fastest
growing retail area. According to the American Pet Products Manufacturing Association
(known as the APPMA), 63% of US households included a pet as of 2007 (that is over
162 million cats and dogs) [1]. Moreover, as Americans increasingly view their pets
more as family members than possessions, the amount of money they are willing to spend
on their care is steadily increasing. According to the APPMA, Americans spent $41
billion on their pets in the year 2007 [1]. This trend is relatively new (for example, in
1996 Americans spent only $21 billion on their pets [2]), but it shows no sign of slowing
down. After consumer electronics, pet care is the fastest growing industry in the US [3]
and yearly spending is expected to reach $52 billion by 2009 [3].
In spite of the plethora of pet care products on the market, there is no product that
keeps one pet from eating another animal’s food, even though this is a very common
problem among pet owners, and therefore there is an obvious need. We have designed
and built a prototype of The Smart Pet Feeder, which is suitable for use by cats and small
dogs. This feeder holds enough food for six meals. In addition to the features typically
found on such feeders, The Smart Pet Feeder allows the pet owner to prevent one pet
from eating food that belongs to another pet.
Most pet owners cannot stay home to feed their pet several times a day, yet they
want their pet to be able to eat as needed throughout the day. One of the most common
ways that pet owners try to solve this problem is by so-called free feeding, where a pet
has food available all day and eats at will [4]. The problem is that the pet owner has no
control over how much the pet eats or which pet eats the food. Many households have
1

more than one pet that is fed from a bowl on the floor. Among those households, it is a
common occurrence that those pets cannot eat the same food for either medical or
financial reasons. These reasons include:
Ð

One pet is on a special diet, such as for diabetes or kitten food, but the other
pets eat normal food

Ð

One pet needs to eat less than the others for weight control reason

Ð

There is a dog and a cat, and the cat wants to eat the dog food (or vice versa),
which is not healthy

Ð

One pet has to eat a special diet and, while it is not unhealthy for the other
pets to eat this food, it is more expensive than normal food and so it is cost
effective to restrict the consumption of this food to only the pet which needs it

However, there is no effective way of keeping one pet from eating another’s food
short of physically removing the pet from the forbidden food. This creates a problem for
both the pet owner and the pet. The issue for the pet owner is that they now have to
supervise the pet’s meals to assure that each pet eats its own food, or feed the pets at the
same time in different rooms. Either way, the owner’s presence at home is required
during meal times. The issue for the pet is that, since the food cannot be left out to be
eaten at leisure, it is forced to eat in the amount of time the pet owner allows it, regardless
of its own eating preferences.
In addition, having to supervise a pet’s eating leads to reduced mobility on the
owner’s part. As the feeding requirements become more complex it gets more expensive
to hire some one to look after one’s pets for long periods of time, and even day-to-day
care while not traveling can become restrictive. Many pet owners are faced with
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scheduled pet feedings that require them to get up at the same time every morning to give
the pets breakfast and to be home at the same time every night to give them dinner. If a
pet takes medication, it becomes even more important that a schedule is kept and the pet
owner is even more restricted. Add to that the requirement that the different pets not eat
each other’s food and it can leave the pet owner with a demanding and, for some,
unrealistic schedule. This type of feeding routine can also cause the pet stress since it
knows that it will not be fed until the owner is home.
In short, the problems which pet owners face in feeding their pets 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
II. Objectives:
The Smart Pet Feeder gives 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 looks like the model in Figure 1. It consists of a tray that
holds 6 cups of food mounted to a motor. The motor and the base are 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 rotates and reveals 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 is a radio-frequency identification
3

(RFID) reader mounted to the enclosure of the feeder in front of the revealed bowl (see
Figure 1). This reader is paired with a tag on the forbidden pet’s collar. When the reader
receives the signal from the tag, it triggers the motor to rotate so that the spot on the tray
with no bowl is exposed, thus keeping the forbidden pet from eating.

Figure 1: Model of The Smart Pet Feeder
III. Research and Design
III. A. The System and Subsystems:
The Smart Pet Feeder consists of three main systems: the Feeder Enclosure, the
Motor System, and the Control System (see Figure 2). Each system has roles that it must
fulfill. The Feeder Enclosure’s roles are to:
1. Be heavy enough so that a pet cannot turn it over
2. To close securely enough that the pet cannot open it and access the food
3. To be opened easily so that the owner can refill the dishes
4. To protect the electronics inside of it
5. To assure that all of the parts of the feeder that touch food are washable
The Motor System’s roles are:
4

1. To receive commands from the microcontroller
2. To be able to rotate the fully loaded tray an exact distance
3. To not allow the full weight of the tray to sit on the shaft of the motor
The Control System’s roles are:
1. To rotate the tray to a new dish at a specified time
2. To rotate the tray to the blank spot if the forbidden pet approaches the feeder
3. To keep and display an accurate real-time clock
4. To allow the owner to easily set both the current time and the time the feeder will
rotate to reveal fresh food
A block diagram showing all of the systems and how they interact with one
another can be found in Figure 2.
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Figure 2: System Block Diagram
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III.A.i. The Feeder Enclosure:
The main function of the feeder enclosure is to provide protection for the
electronics inside the feeder and to prevent the pet from accessing the food stored for
later feedings. In order to achieve these goals it has to:
1. Be strong enough to withstand the weight of the pet, should the pet stand on it
2. Be capable of preventing the pet from accessing food stored for later meals
3. Provide access to the food at the same location every time
4. Be heavy enough to prevent the pet from turning it over
5. Have a removable cover so the user can easily access the bowls
6. Have easily removable dish-washer safe bowls

Figure 3: Block Diagram of the Feeder Enclosure Subsystem
As Figure 3 and Figure 5 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 basic shape of the feeder was inspired the ERGO 8 day feeder
(Figure 4). The advantage of this type of feeder over the gravity-type feeders is that there
is no chute to be clogged with food, and the owner does not need to rely on the feeder
7

itself to measure how much food will be served, since the owner places the exact amount
to be fed in each compartment. Another advantage of this type of feeder is its ability to
administer medication on a schedule, since the medicine can be mixed with the food and
released at a specified time. Finally, there are less moving parts and therefore fewer
things to break.
The most common user complaints about this type of feeder were flimsy
construction which allow the pet tear the feeder apart and to access all of the food, the use
of floor space, frequent battery replacement, and the fact that, in most models, the lid
rotates so that in order for the pet to eat from the back compartments it must stand on the
feeder.

Figure 4: The ERGO 8 day feeder [5]
Therefore, we decided to address these issues by using stronger materials, have it
powered from a wall outlet and to have the tray with the bowls rotate inside the feeder
that would allow for the access to the food to be at a fixed location. The base is made of
PVC, which is a material with a relatively high mass, 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.
Both the dish tray and the sides of the feeder are made of aluminum alloy 6061T6
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because it is a strong, lightweight material that is easy to work with. The lid is made of
clear polycarbonate so that the user can see how much food is left in the feeder and plan
to refill it accordingly. At the same time, the lid is strong enough to prevent the pet from
breaking in the feeder. It can also easily support the pet’s weight if it decided to sit on
the top of the feeder. The lid is secured to the rest of the enclosure with a thumb screw
that make it both easy to remove and sturdy enough so that the pet will not be able to get
to the food inside.

Figure 5: Exploded View of the Feeder Body
Figure 5 shows a three-dimensional model of the Smart Pet Feeder that was
created using SolidWorks. This software was used not only to design the feeder but also
to help to generate the file for the CNC milling machine that was used to machine most
of the feeder’s components. Figure 6 shows the base of the feeder after it was machined
from gray PVC. Figure 7 shows the dish tray after it was machined from aluminum alloy
9

6061T6. Figure 8 shows the polycarbonate lid after it was machined. Figure 9 shows the
base of the feeder with the sides mounted to it. While most of the feeder’s components
were machined, the sides were made by hand by bending a sheet of aluminum. Figure 9
shows the base with the sides mounted to it and Figure 10 shows the enclosure fully
completed with the transparent lid on top.

Figure 6: Feeder Base machined from gray PVC

Figure 7: Machining the Dish Tray
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Figure 8: Machining the Lid

Figure 9: Base with sides mounted to it
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Figure 10: Assembled Enclosure
The feeder enclosure prevents the pet from accessing the food stored inside the
feeder for later meals by either turning the feeder over or by pulling the lid off. This is
achieved by the sturdy construction of the feeder as well as using stronger materials than
our competition. At the same time, it is very easy for the pet owner to remove the lid and
to access the food bowls to either refill them or clean them. The bowls are easily
removable and dishwasher safe so cleaning them is easy. Additionally, the enclosure
provides protection to the electronic components inside from both pets and possible
falling household objects.
III.A.ii. The Motor System:
As Figure 11 shows, the motor system consists of the following components: the
stepping motor, the motor driver chip, the power supply, and the tray support.
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Figure 11: 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 at the user programmed feeding time and
the second one is the proximity of the forbidden pet.
The reason why we selected a stepping motor is its ability to rotate in precise
steps as opposed to spinning continuously, like a DC motor. In addition, it does not
require position feedback like a servo motor.
The motor had to meet the following criteria:
1. To be able to be controlled by the CML12S
2. To be able to rotate the fully loaded food tray (including pet food) a precise
distance both clockwise and counterclockwise
3. To cost less than $50.00
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?
13

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, and has a higher torque-to-size ratio than a unipolar motor, but requires
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 is much easier to control. Because some
members of our design team worked with unipolar stepper 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 12 and Figure 13 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 one Revolution per Second
(RPS) and 0.5 second, respectively. These values resulted mainly from customer
complaints about similar products that are currently on 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 was 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
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typically the smallest distance the motor can turn. 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.
With the help of the Lin Engineering’s online motor selection tool 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.

15

Figure 12: First Step in Motor Selection
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Figure 13: Second Step in Motor Selection
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Figure 14: Third Step in Motor Selection
The motor required more than the 5V that the microcontroller was able to supply,
so an additional power source had to be purchased. Lin Engineering recommends the
PS1-100-24 (Figure 15), a source with 120VAC input and 24V DC output capable of
delivering up to 4.5A of current. Since the motor requires only 1.5A at 24V DC this
power source is more then adequate.
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Figure 15: PS1-100W-24 Power Supply
Because the HC12 can neither deliver nor receive more than 25mA, it had to be
isolated from the motor by a driver chip. A driver chip is an integrated circuit that serves
two purposes: 1) it controls the flow of the current through the motor and 2) it protects
the microcontroller from the motor’s high current. This is one of the two functions of the
driver circuit, the other being energizing and de-energizing the coils in the motor in a
sequence dictated by the microcontroller. The driver may be thought of as a hub to
which the motor, the power supply, and the microcontroller are connected. It determines
what signals may pass and where they go. Different types of drivers exist and the
appropriate chip was selected for the motor. .The driver chip we chose to use had to meet
the following criteria:
1. It had to be capable of handling the voltage (24V DC) and the current (1.5A)
necessary for the motor’s operation.
2. It had to be easily interfaced with the microcontroller
3. It should cost less then $10.00
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The SanKen manufactured SLA7026M (Figure 16) driver chip is a good choice
for the 4118M-06 because 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.

Figure 16: SLA7026M Driver Chip
The main obstacle we have encountered with the driver chip was to determine the
values of the resistors and the capacitors that connect the SLA7026M to the ground on
one side and to the microcontroller on the other side (Figure 17 and Figure 18). SanKen,
the chip manufacturer, provides a list of recommended values in the datasheet (Figure 17)
but we were not sure whether these needed to be recalculated to match our specific power
requirements. Finally, with the help of Joseph Diecidue and Professor Badjou, we
determined that the recommended resistors and capacitors were accurate as long as the
current was less then 3.0A.
Another problem was that the pins of the SLA7026 are not compatible with the
breadboard. They are not only wider than the holes in the breadboard but also spaced out
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in way that does not align with the grid of the breadboard holes. We solved this problem
by soldering wires to all the pins, which allowed us to connect the chip to a breadboard.

Figure 17: Motor Driver Circuit [6]

Figure 18: Motor Driver Circuit
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Figure 19: Motor Driving Circuit, View 1

Figure 20: Motor Driving Circuit, View 2
The Tray Support System:
The function of the dish tray support system is to isolate the weight of the tray
with the dishes and pet food, a maximum of two pounds, 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 loads that either pull or push on the shaft. A
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SolidWorks model of the Tray Support System is shown in Figure 21. Again, a code for
a CNC machine was generated using this model.

Figure 21: Model of the Tray Support System mounted to the Feeder’s Base
The central piece of the load bearing system is a 3.8”x 3.8”x 0.2” plate machined
from 6061 aluminum alloy (Figure 22).

Figure 22: Transition Plate
A turntable that interfaces between the dish tray and the tray support system is
mounted to top of this plate (Figure 21). As can be seen from Figure 23, the motor is
attached to the bottom of the plate so that its shaft protrudes through the center of the
plate and the center of the rotary table.
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Figure 23: Tray Support System

Figure 24: Tray Support System mounted to the Dish Tray
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Figure 25: Tray Support System Legs
Both the shaft of the motor and the hole in the center of the dish tray are keyed to
ensure a secure fit without slipping. The plate is attached to the base of the feeder with
four bolts. In order to make sure that the bearing plate is parallel to the base, four glassfilled Delrin tubes of uniform length fit over the bolts to support the plate in each corner.
Two motor driving programs controlled the motor. These programs had to turn
the motor clockwise and counter-clockwise by a distance that is equal to the distance
between two bowls. While searching for a suitable stepper motor driving tutorial we
found the Quick Start for Beginners to Drive a Stepper Motor [7] on the Freescale
Semiconductor website. This document not only explains the basics of stepper motor
operation very well but also provides a sample program in C to drive a stepper motor.
The program that we have used to control our motor is a slightly modified version of this
template.
There are two versions of the program. One of them, called StepCW, turns the
motor clockwise. The program called StepCCW turns the motor counterclockwise. The
25

only difference between the two programs is the sequence in which the array states are
sent to Port K. StepCW goes through the array from left to right and StepCCW goes
through it the other way. Figure 26 shows the flow chart diagram for the StepCW
program. If it were the StepCCW the line
char state_array[NUM_OF_STATES] = {0x06, 0x04, 0x05, 0x01, 0x09, 0x08, 0x0A, 0x02}

would be
char state_array[NUM_OF_STATES] = {0x02, 0x0A, 0x08, 0x09, 0x01, 0x05, 0x04, 0x06}

26

Figure 26: Motor Program Flow Chart
27

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 5) 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
the tray support system.
III.A.iii. The Control System:
The Control System consists of several subsystems: the Pet Sensing System, the
Processing System, the Time Keeping System, and the Motor Driving System (which was
discussed above). This section will detail the requirements for each subsystem in Figure
27, the criteria used to select components, and discuss to what extent those components
fulfill the system’s requirements.
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Figure 27: Control System Block Diagram
III.A.iii.a. The Pet Sensing System:

Figure 28: Pet Sensing System Block Diagram
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Figure 29: Pet Detect Program Block Diagram
The Pet Sensing System fulfills the design objective to create a product that can
distinguish between different animals in order not to 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 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 several inches away
from the feeder
We have chosen to use a Parallax RFID tag/reader combination in order to fulfill
the main design objective of the Pet Sensing System. 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 (see Figure 30), can be easily interfaced with the microcontroller,
and has a read range of at least 2 to 4 inches [8].
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Figure 30: RFID tag on collar in front of reader, which is mounted on the side of the
feeder
There are two types of RFID tags: passive and active. 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 powers the tag 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 [8][9].
Active tags have an internal battery and are constantly sending its own signal to
be picked up by any reader in range. These tags are generally more reliable than passive
tags, because they are able to initialize the session with the reader, generate stronger
signals, and have longer read distances, some of which some are up to 1500 feet [9].
They also tend to be larger in size since they have the onboard power source [9].
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We have chosen to use an active tag for our application for two reasons. The first
is that the read range is considerably larger with an active tag than with a passive tag, and
the second is that the response time is much quicker. The tag we are using can be seen in
Figure 30 and Figure 31.

Figure 31: Active RFID Fob [8]
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 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 [10]. However, after doing research on the
subject, we found several factors that 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 [11]. Additionally, Dr.
George Demetri, director of the Center for Sarcoma and Bone Oncology at the DanaFarber Cancer Institute in Boston, said that the incidences of tumors in the rats were
reasonably small [10]. 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 [10]." It is also
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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.
Also, this technology has been approved by the FDA for implantation in humans.
There are proposed plans of placing RFID chips under the skin of humans in order to
store medical information. These chips would act like medical alert bracelets worn today
[11][12]. There is one company, Applied Digital Solutions, which has already received
the FDA approval for this procedure [12].
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 PetSafe Electronic SmartDoor
Pet Door [13]) and we have found no sources which link these products to any health
risks for the pet, we feel at this time that it will not pose a risk to the pet’s health to use an
active tag, but that we will continue to follow the research for new developments. Also,
we have designed a shield to reflect the radio waves away from the pet. The shield for
the active RFID tag had the following requirements:
1. The radio waves must be blocked through the shielded side of the tag
2. The shield must be affordable
3. It must be attachable to the tag
4. The shield could not affect the range on the unshielded side by more than 50% of
its original range without the shield
When researching how the radio waves could be shielded we found that one of the
best ways to do so was with a Faraday Cage [14]. A Faraday Cage is an enclosure
formed by a conducting material or mesh which blocks out external static electrical
fields, such as radio waves [15].
33

The shielding method we chose to use was a part of a drain strainer. The drain
strainer is made by MasterPlumber and is made of chrome (Figure 32). The strainer
was cut down to the size and shape of the tag, along with a layer of aluminum foil.
This acted as a Faraday Cage.

Figure 32: MasterPlumber Drain Strainer
The layer of aluminum foil was cut and shaped to the size of one side of the tag as
well as the side “walls” of the tag (Figure 33). The foil is shaped so that the shiny
side of the aluminum foil is facing in towards the tag, leaving the dull side facing out.
After some testing, we found this was the most effective method of using the
aluminum foil. Also, we found that the shielding does not work well if the sides are
not shielded. This may be due to radio waves being emitted through the sides of the
tag and wrapping back around the shielding of the tag.
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Figure 33: Shielded edges of the RFID tag

The piece of the drain strainer has a bar down the center that, from our testing, we
found plays a large part in the shielding of the radio waves. The piece of the drain
strainer is attached to the side of the tag over the aluminum foil with scotch tape
(Figure 34).

Figure 34: The shielded side of the RFID tag
The combination of the aluminum foil and the drain strainer worked the best as a
shield out of anything we tested. No RF signal was detected through the shield and
the shield did not significantly decrease the range on unshielded side of the tag.
Shields that were tested and not used were made using only aluminum foil, varying
the layers of foil used. In addition, we tested the effectiveness of using only the bar
35

from the drain strainer. Other tested shields that failed immediately consisted of
another type of drain strainer as well as duct tape, after a quick test that showed these
failed, no more testing was done using them. The data from our tests is in Table 1.
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Table 1: Data from active RFID tag shielding
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During testing, it was found that the bar that went down the center of the shield
had to be a certain direction or the shielding would not work. This bar had to be vertical,
going the full length of the shield. When tested without the bar at all the shield did not
shield the radio waves at all, which is how we determined that the bar has a large impact
on the shielding effect. After finding this, we tested the shielding with just the bar and
not the rest of the shield and that did not shield. Thus, we determined that the bar and
shield together worked the best.
The shielding, however, was not tested in conjunction with the aluminum sides of
the feeder until after the feeder was built. The thought that this may affect our range
slipped our minds and when we went to test the RFID shielding with the reader attached
to the feeder we found that our range was severely decreased with the shielding to an
almost useless range. For this reason in the final prototype we were unable to continue
using the shielding. Had the sides been made of a different material the shielding would
have most likely been used.
Another reason we chose to use the RFID reader/tag combination is that it is very
easy to interface with the microcontroller. The RFID reader has four pins: SOUT,
/ENABLE, GND, and VCC. The SOUT pin sends a series of numbers to the
microcontroller if there is a tag within range, or sends a steady logic HIGH if there is no
tag present. As seen in Figure 35, we chose Port P2 as the input to the microcontroller.
The /ENABLE pin needs to be at a logic LOW in order for the reader to be active, so we
chose to ground it so that it would always be active. The VCC and GND pins went to
VCC and GND, respectively. For details, see Figure 35 below.
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Figure 35: Control Schematic detail showing how the RFID reader interfaces with the
microcontroller
In order for the microcontroller to react to the presence of the RFID tag, we had to
write a program to identify when a tag was present. This program, entitled “RFID,”
simply determines whether a tag is present and then sends a value back to the calling
program accordingly. The flowchart, seen in Figure 36, gives the exact details on how
this program works. The C-language code can be seen in Appendix A 1.
The subprogram RFID worked in conjunction with another subprogram entitled
“BOWL,” which keeps track of which bowl is currently displayed. Its flowchart can be
seen in Figure 37, and the C-language code can be seen in Appendix A 2.
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Figure 36: RFID Program Flowchart
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Figure 37: The flowchart for the Bowl subprogram
Both the RFID and the BOWL program are used in the Pet Detect Program. The
Pet Detect program’s function is to run the RFID program and react according to whether
or not the forbidden pet is near (or if there is a tag present or not). If there is no tag
present, then the program will simply end, but if there is a tag present, then the program
will use the BOWL program to determine which bowl is currently displayed, and then
will use the StepCCW program to rotate the tray to expose the empty spot so that the
forbidden pet cannot eat. Once the rotation is complete, the program will repeatedly call
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the RFID subprogram to determine if the forbidden pet is still near. Once RFID reports
that the forbidden pet is gone, then the program will rotate the tray back to the bowl that
was displayed to begin with. The flowchart for the Pet Detect program can be seen in
Figure 38. This program, along with the Feeding Time subprogram discussed below,
make up the core of The Smart Pet Feeder’s programming.
The combination of the RFID reader and tag along with the programs discussed
above completely satisfy all of the requirements of the pet sensing system. The active
RFID tag no bigger than any of the other tags typically worn on a pet’s collar and we feel
confident that the tag will not have an adverse affect on the pet’s health. The reader
mounted easily to the feeder enclosure and, using the RFID program, was easily
interfaced with the microcontroller. Together, all of these elements provide easy
detection of the reaction to the forbidden pet, which satisfies all of the requirements for
this system.
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Figure 38: Pet Detect subprogram flowchart
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III.A.iii.b. The Time Keeping System:
One of the subsystems of the Control System is the Time Keeping system. This is
the portion of the design that keeps time and allows the user to program when the feeder
should rotate in order to reveal a fresh bowl of food. 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. Be able to output the time to a display screen
4. Use a toggle switch as a manual override to prevent the bowls from rotating
5. When the toggle switch is turned off, allow the system to rotate the bowl to
the proper location and also power the RFID module back on to begin
searching for the tag
The original design included the Dallas Semiconductor DS1286 Watchdog real
time clock (RTC) chip as pictured in Figure 39. This was to be used with three buttons
and a toggle switch in order to perform time setting functions. We have since chosen to
go in an alternate direction and have integrated a different chip into our prototype.

Figure 39: The DS1286 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
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specific time. The DS1286 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 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.
We had chosen this chip for a number of reasons; we believed that it would allow
us to output a time on an LCD panel and also allow the user to program what time the
“alarms” would go off. In this case, the alarms would 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 would also have been useful in that it would
allow 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 would not
display it.
The chip has two different types of alarms that seemed to make it ideal for our
design. There are the Watchdog Alarm and the Time of Day alarm. The Time of Day
alarm is just like a regular alarm clock alarm and the RTC outputs a signal when the
preprogrammed time is reached. This function would have 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 [16].
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The main reason we chose this chip was to make programming easier. This has
proven not to be the case for a few reasons. First, interfacing with the chip is extremely
awkward and we were unsure of how to interpret the values that the chip returned. For
example, instead of seeing that the minutes register had incremented from the hex value
of 43 to 44, it would increment to 47. We were unsure of what this meant and called
Dallas Semiconductor only to be told that there was no way that the chip would return
that value. After employing the help of faculty and fellow students here at Wentworth,
we could come up with no good reason as to why it would be outputting these values.
This is one of the main reasons that we have chosen not to use this in our design.
Another reason we have chosen not to use this chip is that we were having
difficulty figuring out how to display the time on the LCD screen. In order to access
what is in the registers on the chip, they must be looked at separately. There is no way to
look at them simultaneously. Our solution to this problem was to store the values into
variables and then output those to the LCD screen. This then posed another problem
since, by the time all of the variable have been stored that original time data recorded is
no long accurate.
For the reasons listed above, we determined that we were not able to use the
Watchdog for our prototype. We have chosen to use another means of timekeeping. This
has come in the form of an alarm clock using the LM8560B alarm clock chip.
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Figure 40: Block Diagram of the Time Keeping System
With the implementation of this chip, we have needed to make a few changes to
our block diagram, as can be seen in Figure 40. This would be different in an actual
production model since a printed circuit board would not be used, but this is the new
block diagram, as it stands, for the purposes of our prototype.
By using this chip, we eliminated any code that would have been needed for this
portion of the system since we are using the printed circuit board from the alarm clock as
well as the display that is integrated with the circuit board. If we were to take this design
further, we would eliminate the printed circuit board and simply use the alarm clock chip.
This would mean that some coding would be written, but it seems very simple to
interface and would be much easier to program than the RTC chip.
Another reason using the alarm clock’s printed circuit board was beneficial to our
prototype is that it required only three input pins on the microcontroller for the ALARM
OUT, ALARM OFF, and Vdd (ground) pins (see Figure 41), whereas the RTC required
twenty. This also eliminated possible problems with the prototype because there were
fewer connections to worry about breaking.
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Figure 41: Control Schematic detail showing the Time Keeping System
This chip would also be much easier to program than the RTC even if we had not
been using the printed circuit board. This is because there are fewer functions in the chip
making it simpler. For example, there is no onboard power source, no oscillator and no
watchdog functions. This means that the overall size and complexity of the chip is much
smaller than the DS1286. You can see in the manufacturer’s data sheet for the LM8560
that it is quite simple. There are pins for the different segments of the minutes and hours
on the LED display and there is even a pin for the colon on the LED display. In general,
this chip is simply much better than the one we had originally chose for our application.
Additionally, the momentary buttons that had been purchased to be used in
conjunction with the RTC and toggle switch were not used in the prototype. This is
because the buttons used to program the alarm clock itself are still usable. This
eliminates the need to code the condition of the buttons for time.
If conditions had been optimal, we would have chosen this chip, or one similar to
it, in the beginning of the semester and programmed it ourselves rather than using the
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circuit board from the alarm clock itself. However, at the point in time that we chose to
use it, about five days before the prototype was to be presented, there was simply no time
and no point in reinventing the wheel when it performed all of the functions that we
needed.
The only portion of the timekeeping system that has remained the same is the
override switch. This toggle switch, pictured in Figure 42, is used to suspend the
function of the alarm clock chip and pet detect programs. This will be used when setting
the time, refilling the bowls of food and/or cleaning the unit. This will ensure that the
unit does not rotate while performing any of these tasks.

Figure 42: On/Off toggle switch
Through the use of the new alarm clock and the toggle switch, the user will be
able to set the clock easily, 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, and allow the
feeder to run the main and subprograms when the override is not initiated. The chip 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. In addition, the new alarm clock chip allows for an even easier user
interface since the way the time is set is exactly the same as the alarm clock setting that
most people are accustomed to.
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The integration of the LM8560 has helped to redefine the requirements for the
Time Keeping System. The redefined requirements are that the system:
1. Include a chip which interfaces directly with the 7-segment LED display
2. Allows the user to set the time on the clock
3. Tells the feeder to rotate at specific times during the day to reveal fresh food
4. Is able to output the time to a display screen
5. Uses a toggle switch as a manual override to prevent the bowls from rotating
6. Allows the system to rotate the bowl to the proper location and also power the
RFID module back on to begin searching for the tag when the toggle switch is
turned off
The alarms sent by the timekeeping chip are used mainly in the Feeding Time
subprogram. This subprogram checks to see if an alarm is being sent and, if it is, calls
the Bowl subprogram and then rotates the tray forward one spot. The flowchart can be
seen in Figure 43 and the C-language code in Appendix A 6.
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Figure 43: Flowchart for the Feeding Time Subprogram
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With this combination of products and programs, we were able to create a
prototype that was mostly functional, and we believe that had we more time, we would
have had a fully functional prototype. Unfortunately, we damaged the LM8560 chip
while working with it and were unable to use it for the presentation, but we did see it
work and so know that it will fulfill our requirements.
III.A.iii.c. The Processing System:

Figure 44: Block Diagram of the Processing System
The Processing System is required to integrate and control 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 were that:
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
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4. It must be affordable
With these requirements in mind, we chose to use the Axiom CML12S-DP512
Development Board, which uses the Motorola MC9S1DP512 microprocessor (see Figure
45).

Figure 45: 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 [17] [18]. In
future versions of this product a less powerful, less expensive microcontroller would be
used, but for development the CML12S will gave us ample resources for programming
and interfacing without worrying about running out of ports or memory. The electrical
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and control schematic, which details how all of the components were connected to the
CML12S, is in Figure 46.
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Figure 46: The complete Control Schematic
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In order to download programs into the CML12S, we needed to use a cross
assembler. We chose to use an Integrated Development Environment (IDE) to write and
compile the code. The requirements for the IDE were as follows:
1. That it was cost effective
2. That it allowed each team member to have a copy of the software in order
to program simultaneously
3. That it was compatible with the HC12 microcontroller
4. That it allowed us to program using the C language
5. That it was easy to use
We chose to use ImageCraft’s ICCV7 for CPU12. It was created to operate with
the HC12 family, which includes the CML12S that we are using. We were able to use
the free 45-day trial version, which allowed each of us to have a copy of the software on
our individual computers. This IDE allows programming in the C language, which is
important since none of the team members were confident with their assembly language
skills. Another advantage to using the ImageCraft software is that we had used the
ICC11 version of the software previously and were familiar with the environment.
ICCV7 was used to write and compile all of the programs discussed above, as
well as the Main program. The Main program consists on an infinite loop which simply
runs the Pet Detect and Feeding Time Programs over and over again. The flowchart is in
Figure 47 and the C-code is in Appendix A 7.

56

Figure 47: Flowchart for the Main program
The CML12S, in conjunction with the programs discussed above, fulfilled all of
the requirements we had for the processing system, which were simply that is must
integrate and control all of the other systems.
III.B. The Results:
After testing The Smart Pet Feeder, we were able to obtain results that helped us
to understand what we did successfully and what needs some work in order to function
the way we originally intended. For example, the range to sense the forbidden pet is far
smaller than we intended. From our tests, we have found that the range of the RFID tag
is about 1 inch when mounted on the front of the feeder. When not mounted on the front
of the feeder the range of the tag is 2.75 inches. This is due to the interference caused by
the aluminum feeder enclosure.
Unfortunately, some items could not be tested due to time constraints. The entire
time keeping system was not tested due to problems with the alarm chip that we had been
using. Also, we were unable to completely test the durability of the feeder with an actual
pet. However, we were able to simulate and test the prototype of the feeder to determine
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that the C code and programming used functions in the way that it is supposed to. This
means that if all of the hardware functioned exactly as planned the results would be as
intended.
IV. Discussion:
From the results of our testing, we are able to draw conclusions about a few things
regarding The Smart Pet Feeder. If the RFID reader were mounted against a different
material, the range would not be affected. To do this we could use a different material,
other than aluminum, or any metal, as the sides of the feeder. This would bring us closer
to the range that we received when testing away from the enclosure. Due to the range
decrease, we were unable to use the shielding on the active RFID tag because the use of
shielding also decreased the read range of the system. When mounting the reader on the
aluminum side and using the shielding on the tag, the range was decreased from the
original 2.75” to less than .5”, which is simply unusable and impractical.
Even though there were a few parts we were unable to test, we are still able to
make a few assumptions and conclusions. Since we were unable to test the feeder with a
pet, we were not able to observe if the pet would be able to tip, break, or get into the
feeder. However, we believe due to the weight of the feeder and the material used in
manufacturing that it would be extremely difficult for a pet to break, flip, or get into the
feeder, especially a small animal such as a cat or small dog, which the prototype was
designed for. Despite not being able to physically set a time for an alarm to send a signal
telling the feeder it is time to rotate to the next feeding, we are able to simulate an alarm
signal for the feeder to rotate to the next feeding. Since we are able to send a signal
simulating an alarm, we believe that given more time to work with an alarm chip, we
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would be able to set an alarm for the feeder to rotate at a programmed time. We are also
confident in this because we were previously able to do this; however, we encountered
problems at the last minute and were not able to get this function working, and had to
settle for a simulated alarm.
V. Conclusion:
Over the last semester, this design team has accomplished a massive amount of
research, learning, manufacturing, and coding, and we feel that we have produced a great
success. Though our prototype may not have worked exactly the way we may have
wanted it to, it did work.
On the subject of what worked correctly, the majority of our design goals were
met. We were able to rotate the feeder tray forward and backward a specified distance,
we were able to incorporate a sensing system consisting of an RFID reader and tag that
would restrict a forbidden pet from eating from the feeder, and we were able to make the
tray rotate with an alarm. Though the last goal, the alarm, was not met in the way that we
had hoped, we were still able to simulate its function with the use of a push button
proving that our code did in fact work. Also, the pet sensing system, what set our product
apart from any other on the market, worked flawlessly.
Unfortunately, the timekeeping system did not work. As stated in the
timekeeping section, we were unable to make either of the chips work for us, but with
more time, we believe that we would have been able to make this work correctly.
The one thing that did work, but not as well as we would have liked, was the
RFID reader. Since the range was cut so drastically due to the metal walls of the
enclosure, the reaction time was far greater, and the distance far smaller, than we had
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hoped. This is not a problem, though, since it can be easily fixed by using a different
material for the enclosure body.
This design, though not final, does in fact satisfy most of our design goals. It:
1. Keeps the pet from reaching the food stored for later feedings
2. Restricts an unauthorized pet access to the feeder
The only goals that were not fulfilled were to provide an easy user interface and
to provide future meals at a predictable time. This is because at the moment, there really
is no user interface or timekeeping system. This would be easily fixed by implementing
the alarm clock chip since it is set exactly like an alarm clock that most people are
accustomed to.
If we were to take this design further, such as in our senior design class, we would
change a few things. First, we would change the material of the feeder body in order to
increase the sensing range of the RFID reader. Next, we would implement the alarm
clock chip rather than the RTC chip. Finally, we would make the movement of the tray
smoother by implementing a better turntable into the design. All of these changes would
help us to better meet the goals that we had originally laid out for out design.
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