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Abstract 

This report describes the design process for a smart cat feeder. The main goals of the project include 
dispensing food on a user-set schedule, regularly weighing two cats and the food they eat, and making 
weight data easily available to the user via a phone application. It should be able to maintain a schedule 
and record distinct data for at least two different cats. This device is intended for use by busy or multiple-
cat owners, and by animal shelters and veterinary offices to track cat health. The final design is Arduino-
based and includes two scales: a cat weighing platform based on four strain gauge load cells which records 
the cat’s weight when a radio-frequency identification card attached to its collar is read, and a food bowl 
weighing scale based on a single strain gauge load cell which records the amount of food in the bowl to 
estimate how much the cat has eaten. The final dispensing mechanism uses a 4.8 L reservoir and a PVC 
pipe to hold and convey food to an aluminium box, which contains a 3D-printed wheel with a brush 
overtop to reduce jamming of the mechanism. The wheel turns on a user-set schedule in increments of 
1/12th of a cup using a stepper motor. The final software design includes Arduino IDE back-end code and 
a Blynk-based user interface, and is capable of recording and graphing cat weight and food consumed 
data for two different cats. The application also allows the user to set three different feeding times and 
amounts. The entire device requires a single 9 V power supply to be plugged into a regular household 
outlet. The project outcome was semi-successful in terms of meeting goals, with major shortcomings 
being lower weighing accuracy than specified and a jamming percentage of 39.1%.  
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1. Introduction 

 1.1 Motivation 
“Cats are creatures of habit” [1]. According to VCA Canada Animal Hospitals, maintaining a regular 

feeding routine of at least two meals per day is crucial for a cat’s physical health, as well as its mental 
health by minimizing stress [2]. However, a busy or irregular schedule, multiple cats, or a cat on a diet can 
make it difficult for cat owners to keep up with an optimal feeding schedule.  

Monitoring a cat’s eating habits and weight trends can allow cat owners to identify potential 
health issues earlier, resulting in better outcomes for their cat [3]. Many health issues such as dehydration, 
diabetes, and kidney failure cause weight loss. If the cat’s weight is being monitored regularly, this weight 
loss will be noticed immediately, and the owner can bring their pet to the vet sooner and get an earlier 
diagnosis. 

Weight monitoring is also helpful for cats on a diet. Obesity is a huge problem for pets, and obese 
cats will usually be put on a diet. Monitoring the cat’s weight will allow the owner to keep track of the 
cat’s diet to make sure it is safe and effective. If the cat is losing more than 1% of its body weight per week 
it will be dangerous for its health but if it is losing less than 0.5% of its body weigh per week the diet will 
be ineffective [3]. Regular monitoring of the cat’s weight and food intake gives the owner the information 
they need to administer their cat’s diet and ensure it is effective. 

Overall, monitoring cats’ weight and eating patterns as well as ensuring they receive their food in 
smaller portions on a regular schedule has immense health benefits for cats. Currently, there exist many 
models of automatic cat feeders, some of which allow the user to control them from their phones; 
however none of these feeders take the extra step to also monitor the cat’s weight and food intake. 

 1.2 Project Scope and goals 
The goal of this project is to design an automatic cat feeder that weighs the cat while it is eating 

and tracks the amount of food consumed. The scope of the project is restricted to being able to feed two 
cats, and to one type of cat food which will be used for all testing. 

The food should be dispensed on a user-set schedule and dispense within five seconds of the 
desired time. The prototype for this design should jam less than 15% of the time and dispense the same 
amount of food each time, within ± 2 g. This feeder should distinguish between the two cats using unique 
RFID tags. The cat should be weighed to an accuracy of ± 50 g and the food to an accuracy of ± 1.5 g. For 
user convenience, the feeder should be able to hold 4 L of cat food to feed two cats for two weeks without 
being refilled. Cats should be unable to harm themselves on the feeder or knock the feeder over. A user 
interface should be created to display the weight of the cat and track the food consumed over the span 
of at least three months.  

The project will be completed over the span of twelve weeks with the first four weeks intended 
for planning and decision making. All materials must be under $ 1000, and the project must be safe to 
manufacture and operate.  
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2. Design Decisions 

 2.1 Scales 
To monitor the cat’s weight and its dietary habits, the smart cat feeder must include two scales: 

a cat weighing scale and a food weighing scale. 

2.1.1. Cat weighing scale 

The cat weighing scale should be able to weigh the cat when it is near the feeder. The easiest 
design is to create a weighing platform in front of the feeder that the cat would need to stand on when 
eating. The main design consideration was the ± 50 g weighing accuracy, which was motivated by the 
recommendations of Dr. Morrow, DVM, on the usual weighing practices of veterinary offices during a 
stakeholder interview [3]. Other design considerations were that the scale should comfortably fit a cat of 
any size in any position (i.e., sitting, standing, laying down), and it should ensure that the cat is fully 
standing on the scale when making measurements to avoid false readings. 

The most common type of sensor used to build a custom scale is a strain gauge load cell, which 
functions on the principle of a Wheatstone bridge [4]. The resistance of the strain gauge changes based 
on the strain applied to it [4], and this change can be measured using a Wheatstone bridge circuit, shown 
in Figure 1 [5]. The configuration used for the load cells in this project all use a full-bridge strain gauge 
configuration, where two resistors are replaced by two compression gauges and the other two by two 
tension gauges [5]. 

 
Figure 1: Circuit diagram of a Wheatstone bridge configuration used to measure the change in resistance of the strain gauges by 

measuring the Vout voltage. For a full-bridge strain gauge configuration, resistors R1 to R4 are active strain gauges alternating 
between compression and tension gauges (i.e., R1 and R4 are compression gauges, R2 and R3 are tension gauges). Figure based 

on [5] and produced using LTspice. 

The voltage measured at the output 𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 is related the resistance of the strain gauges in Figure 1 
at the time of measurement 𝑅𝑅𝑖𝑖 using by Equation 1: 

𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 = ± �
𝑅𝑅3

𝑅𝑅3 + 𝑅𝑅4
−

𝑅𝑅1
𝑅𝑅1 + 𝑅𝑅2

�𝑉𝑉𝑖𝑖𝑖𝑖 (1) 

where 𝑉𝑉𝑖𝑖𝑖𝑖 is the input voltage [4]. Reading the output voltage from the load cell configuration requires 
the use of an amplifier board. 

Specifically, for the cat scale, the chosen configuration was four load cells, each one corresponding 
to a strain gauge, attached to the four corners of a plywood platform. This four-corner configuration 
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allows for the most stability for a large weighing platform. There were few options for this specific 
configuration that were both readily available and fell within the budget, so the team settled on a generic 
4 x 50 kg capacity load cell set, which is well above the expect range of measurements where the average 
cat weight is 4.5-5 kg, and the largest cat breed weighs up to 11.3 kg [6]. In terms of accuracy, the 4 x 50 
kg set had a repeatability error of 0.03% full scale for each load cell, so a total error of ± 60 g [7]. This is 
above our target ± 50 g accuracy but was deemed accurate enough for prototyping. For the amplifier, the 
team chose the HX711 for its wide applications and the availability of an HX711 Arduino library making 
the Arduino interfacing simpler. The load cells were wired into a full-bridge configuration and connected 
to the HX711 based on a wiring tutorial [8]. 

The chosen load cells needed a system to 1) attach them to the plywood board, 2) ensure a load 
applied to the load cell would create a strain or displacement between the inner section and the outer 
frame of the load cell, as seen in Figure 2. A readily available 3D model of a bracket filling these 
requirements for the exact load cell model used was printed and can also be seen in Figure 2. 

 
Figure 2: Picture of one of the four 50 kg load cells used in the cat scale. It features the 3D printed bracket used to attach the 

load cell to the plywood platform while ensuring that the load applied to the load cell creates a displacement between the inner 
part and outer frame of the load cell. 

 The plywood platform dimensions are 30 x 60 cm, based on the length and width of common cat 
breeds [6]. After quick testing by placing a 5 kg load on the platform, the team added a second layer of 
plywood for increased rigidity. These dimensions should allow most cats to fully fit comfortably on the 
weighing platform without bending that affects the reading. To ensure the cat would be fully standing on 
the scale when eating, two 30 x 40 cm transparent guides were added as borders near the bowl. They are 
made of polycarbonate based on shop availability and its sturdy properties which make it more difficult 
to crack than acrylic. 

 2.1.2 Food weighing scale 

The food weighing scale’s (or “food bowl scale”) purpose is to measure the amount of food in the 
bowl at a certain time, which will be used to calculate how much food the cat has consumed over time. 
The main design consideration was the ± 1.5 g accuracy, which is 2% of the recommended daily portion 
for a cat [9]. Another design consideration was the removability of the bowl to facilitate cleaning. 

For this scale, the team also opted for a strain gauge load cell system. Since the weighing platform 
would only cover an area equivalent to a small bowl of radius ~10 cm, the load cell system consists of only 
one 20 kg capacity bar load cell which includes the four strain gauges required for a full-bridge 
configuration [4]. 20 kg is enough for the expected capacity of a bowl, which is well under 1 kg of cat food. 
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This load cell was already available in the Physics Inventory, and had a 120% overload, reducing the 
chances of the scale breaking if a cat stood on it [10]. Additionally, the datasheet predicted a repeatability 
error of 0.03% full scale, or ± 6 g, which is below the required accuracy but appropriate for the initial 
prototype [10]. The HX711 amplifier is also used for this load cell. A photo of the load cell can be seen in 
Figure 3.  

 
Figure 3: Side view of the food bowl scale and its two components: the bar load cell on the bottom, and the 3D-printed bowl 

holder concentrating the food’s weight on one side of the load cell. 

The working principle of the bar load cell is that the load to be measured should be concentrated 
on one end of the load cell while the other end is fixed. The strain gauges are located at the top and 
bottom of the load cell on either side of the centre hole. The bar load cell therefore measures the strain 
between the two ends of the metal bar. Here, the load cell is screwed to the feeder’s frame, and the other 
end is attached to 3D-printed bowl holder custom-made to fit the dimensions of the purchased metal 
removable bowl. The bowl holder is screwed into the other end of the load cell. 

 2.2 RFID 
To be able to distinguish between two cats as outlined in the scope, the team chose to use radio 

frequency identification, or RFID. The Arduino MFRC522 RFID reader is well documented and operates at 
a frequency of 13.56 MHz, so the cards and tags used in this project all operated at that frequency.  

This is important because of how RFID data is transmitted. At frequencies below 100 MHz, each 
RFID card or tag generally contains an antenna, a capacitor, and a coil [11]. When the card is brought close 
to an RFID reader, an alternating current source in the reader induces current in the card, causing the 
capacitor to start storing charge which is used to power the card. Over time, the coil in the card sends a 
specific pattern of radio waves back to the reader, affecting the current drawn by the reader coil. This 
pattern is then decoded to read the data stored in the card. 

Read distance at these frequencies is affected by the intersection of magnetic field lines between 
the card and reader, as well as magnetic field strength which decreases rapidly. In general, lower 
frequency RFID cards have a read distance on the order of centimetres to tens of centimetres, with the 
tags the team planned to use having a read distance of 5 cm according to their datasheet [12]. Placing a 
piece of wood or plastic in front of the reader for safety shouldn’t impact this distance, as magnetic fields 
do not interact with these materials (whereas a piece of metal would completely block the signal). 

The team planned to attach the MFRC522 reader directly below the food bowl to allow the tags 
to hang within reading range while the cat is eating. While the cards and tags used in this project can 
transmit 8 kb of data over several seconds [12], only the unique identifier (UID) of each card is needed, as 
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this is how the individual cats can be identified. A quick test involving printing a word to the serial monitor 
when the reader detects a specific UID indicated that this can be identified on the order of milliseconds. 

 2.3 Software 
Programming components include a back end written in Arduino IDE, and a user interface created 

using the Arduino Blynk library. The most important tasks for the back end are integrating all libraries used 
(including the MFRC522 RFID reader library for the RFIDs, the AccelStepper motor driver library for the 
dispensing mechanism, and the HX711 library for the load cells), and keeping track of conditions. For 
example, the motor needs to run only when the current time is a user-set feeding time, cat scale load cell 
data should only be recorded when an RFID is near the reading, and so on.  

The Blynk library allows users to drag and drop widgets to create a user interface with graphs, 
buttons, and tabs, which can read data from Arduino sensors with minimal additional programming. It 
stores this data on the Blynk cloud, requiring the Arduino to be able to connect to Wi-Fi to communicate 
with the Blynk user interface. As the project already required Wi-Fi connection for the user to set feeding 
times, Blynk was a natural choice for hosting the app prototype. This also eliminates a lot of challenges 
that come with programming an app from scratch, including creating a data storage system to designing 
a visually appealing interface, and allows the team to focus on pure functionality. 

Important features were having two separate tabs with customizable names for each cat, the 
ability to set multiple feeding times and modify amounts of food, and graphs of both current and historical 
data on cat weight and food consumed to allow the user to observe trends over time and inform 
veterinarian visits. A stretch goal included sending the user a notification if weight or food trends became 
concerning (for example, if weight dropped below a healthy weight for the breed of cat, or if one cat was 
consistently stealing another cat’s food), as Blynk can be programmed to send notifications to the user’s 
phone and all that remained was programming under what conditions this would happen. 

 2.4 Dispensing Mechanism 
After reviewing several other patents for pet feeders [13] [14] [15] [16], the team decided on the 

simplest design, a horizontally oriented wheel that drops food through a slot as it rotates, based on time 
constraints. Other candidate mechanisms included a corkscrew to lift food one piece at a time, a vertically 
oriented wheel of paddles, a conveyor belt; each of these were deemed either difficult to implement 
physically or easy to jam. The wheel casing was square lidded to provide easy access to the wheel in case 
of malfunction and to simplify the manufacturing process. The wheel division volume of 1/12th of a cup 
was chosen based on input from Dr. Morrow [3], which allows for the feeder to dispense smaller cat food 
portion increments such as 1/3rd or 1/4th of a cup to enable smaller but more numerous meals each day. 
Wheel dimensions were calculated under the assumption that its radius will be greater than the diameter 
of the input pipe, resulting in the specifications defined in Figure 4. 
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Figure 4: CAD schematic of the wheel design, displaying a front view (top left), overhead view (bottom left), and 3D model 
(right). Dimensions are in mm. 

The material used for the input piping, PVC pipe, was readily available in the lab. The team 
implemented a change in pipe angle to reduce the gravitational force pushing down on the food inside 
the wheel and resulting strain on the motor. The angle was set to 45 degrees to allow for the use of an 
elbow connector. 

 2.5 Stepper Motor 
Since the dispensing wheel needed to be rotated precisely, a stepper motor was the best choice. 

There were many stepper motor options in the Physics inventory. While it was important that the stepper 
motor have enough torque, it was impossible to accurately model how much torque was needed because 
the friction between cat food pieces was unknown. Initially, the team considered a 24 V stepper from the 
physics inventory and a motor shield for the Arduino was purchased from QKits, as this shield would 
simplify programming. The motor shield did not come with a data sheet, however, and while the internal 
components on the motor shield are rated for 24 V, the capacitors had a lower rating of 16 V. When the 
24 V power was connected to the shield, one of the capacitors exploded.  

To be able to continue with building and testing immediately, the team chose a 28BYJ-48 stepper 
motor and the ULN2003 stepper motor driver to control it from the physics inventory. The driver is 
controlled using the Arduino AccelStepper library, and since the only thing the motor needed to do was 
turn a specific number of steps at a specific time, this did not require a lot of extension from the example 
code and did not make the scope of the project more complex. 

 2.6 Circuit Power 
The circuit consists of an Arduino Uno Wifi Rev2, two load cell amplifiers, a stepper motor, and an 

RFID reader as well as a power source and buck converter. The main challenge with designing the circuit 
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was powering it. The entire system needed to be powered by one source, but the different components 
had different power needs. The scales and RFID reader require 5V and 3.3V respectively, which is easily 
supplied by the 5 V and 3.3 V pins on the Arduino. The stepper motor also required 5V, but stepper motors 
draw a lot of current which the Arduino cannot support. To avoid breaking the Arduino, the stepper motor 
needed its own separate 5 V source. Finally, the Arduino requires 7-12 V. During testing, the stepper motor 
was powered by a 5 V source and the Arduino was powered by a computer using a USB to allow for quick 
code changes. However, the preferred outcome was to power everything from one power source. In the 
final design, a 9 V 1 A power supply powers the Arduino, which in turn powers the scale and RFID reader, 
and then a DC-DC buck converter is connected in parallel to the Arduino to reduce the voltage to 5 V for 
the stepper motor. The circuit diagram can be seen in Figure 5. 

 

Figure 5: A Fritzing diagram of the circuit. Please note that the 9 V source is a 9V AC-DC wall adaptor not a 9V battery as 
pictured. 

For safety, the current needed to be below 1 A. Before plugging anything in, the team calculated 
the current draw of the circuit, which was 954 mA. More detailed calculations can be found in Appendix 
C – Circuit Power Calculations.  

3. Safety, Environmental Concerns, Ethical Concerns, Equity 

3.1 Safety 
When making design decisions the team considered the safety of themselves as well as the safety 

of the end users, both cats and humans.  

During construction the team followed all lab safety measures such as wearing safety glasses 
when soldering, drilling, and sawing, as well as safety boots in the workshop. 
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To ensure that the electronics were safe, the team decided to select components so that the 
current would be less than 1 A [17]. The final circuit draws a maximum of 0.9 A which is a safe value. The 
electronic components were put into a plastic enclosure inside the body of the feeder for the safety of 
the team during testing and the end user so there will be no risk of electric shock. The custom electronics 
box can be seen in Figure 6. 

 

Figure 6: Side view of the cat feeder showing the custom plastic electronics box insolating the electronics from the wood and the 
end user. The dispensing mechanism is also visible. A side door was added to the feeder to facilitate access during prototyping. 

Another safety consideration for the design was sharp edges and pinch points. The plexiglass sides 
were rounded off so that there would be no sharp corners that could hurt the cat or its owner or the team. 
The edges of the wood for the frame and scale were sanded to reduce the risk of splinters and make the 
edges less sharp. The food dispensing wheel is inside the frame to reduce the risk of people or cats getting 
caught and pinched. 

To ensure safety of the cats, the original goal was to build the prototype out of food safe materials. 
This was quickly determined to be unfeasible since 3D printed parts and PVC pipes are not food safe and 
food safe alternatives would exceed the budget. If this idea were developed into a final product, the parts 
would be injection molded out of food safe plastic. 

Finally, to avoid any incidents due to the feeder tipping over due to the cat jumping off from the 
top of the frame, a counterweight of 7 to 25 kg should be added to the bottom of the frame. 7 kg 
corresponds to the necessary counterweight for the average cat weighing 4.5-5 kg, and 25 kg corresponds 
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to the necessary counterweight for the largest cat breed weighing ~11 kg [6, 18]. Calculations can be found 
in Appendix D – Counterweight Calculations. 

3.2 Environmental Concerns 
The main environmental concerns with this project are with regards to disposal. While it does 

require electricity to power it, it is very energy efficient and only requires 4.5W which is less than an LED 
lightbulb [19]. It does not use any hazardous chemicals or materials. Most of the components such as the 
wood and electronics used in the project could easily be salvaged and reused for another project, greatly 
reducing the environmental footprint of the prototype.  

3.3 Ethical Concerns 
There are a couple of ethical concerns with this project. Firstly, it is not completely food safe, 

making it unethical to test with a real cat. The project was tested with masses to simulate cats instead. 
Secondly, there are concerns with cat owners not using the system correctly and greatly under or 
overfeeding their cat, which would be animal abuse [20]. This can be reduced by including a detailed 
instructions manual and advising owners to consult with their veterinarian to determine how much to 
feed their cat. This is also why the amount of food dispensed is user-set rather than determined by the 
code based on cat breed and age; all cats have different needs and it would be unethical to make health-
related decisions without veterinarian input. 

4. Methodology 

The team split into sub-teams and worked on the parts separately. Naomi, Neve, and Laurie 
worked on the circuit and electronic components, Kellem and Emma worked on the mechanical design of 
the dispensing mechanism and frame and Clara worked on the Arduino code and app. The sub-teams 
collaborated a lot to ensure that the parts would work together seamlessly, with construction on all sub-
teams taking place simultaneously. Once the electrical team finished selecting and testing the circuit 
components, they were integrated together with the code designed by Clara. Then, once the dispensing 
mechanism was designed and built, it was connected to the circuit for testing. While the dispensing 
mechanism was being tested and iterated, the rest of the frame was constructed, and the app and other 
parts of the design were tested. Finally, once the dispensing mechanism was working final testing of the 
entire system was completed. 

5. Final Design 

5.1 Scales 
The final cat scale design is summarized in Figure 7. It consists of the 4 x 50 kg capacity load cells 

connected in a full-bridge Wheatstone configuration and mounted to the double-layer plywood weighing 
platform using 3D-printed brackets. The polycarbonate guides are attached at the sides. The scale was 
surround by a frame to attach it to the rest of the feeder. All wires are hidden under the platform which 
is tightly surrounded by the frame. The only accessible wire is seen in the top right of Figure 7, but ideally 
this wire would be passing through the wooden beam instead of over it, rendering it electrically safe for 
the animal. The wires connect to the HX711 in the electronics box in the main body of the feeder. 
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Figure 7: Bottom (left) and top (right) view of the cat scale final design. The 4 x 50 kg load cells are seen mounted with the 3D-
printed brackets and connected in a full-bridge configuration. The double-layer plywood platform is also visible, as well as the 
polycarbonate transparent guides. Right: top view shows how the scale integrates with the feeder; the food bowl scale can be 

seen at the top of the picture. 

The final design for the food bowl scale is seen in Figure 8. It consists of a single 20 kg bar load cell 
screwed to the feeder’s frame on one end and attached to the custom-made 3D-printed bowl holder on 
the other end. The bowl can be seen in the holder in Figure 9. The load cell wires are exposed but were 
organized and taped down to the frame. In a further iteration these would be isolated behind an additional 
wood pane and rubber tubing. The load cell had to be replaced in Week 11 due to one of the wires getting 
ripped out, which led to reduced sensor accuracy after attempting to re-attach it. 

 
Figure 8: Top (left) and side (right) view of the food bowl scale final design. The bar load cell is screwed to the wooden feeder 

frame. The 3D-printed bowl holder is screwed onto the other end of the bar load cell and allows for the bowl to be easily placed 
in and removed by the owner. 

5.2 RFID 
The RFID reader is located on the front of the food bowl apparatus and is secured to the bowl 

holder with tape as shown in Figure 9. The removal and replacement of the food bowl does not affect the 
position or reading capabilities of the RFID reader. The RFID reader is controlled and powered by the 
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Arduino; the programming is done using the open-source MFRC522 library, and the reader receives power 
from the 3.3 V pin. While powered, the reader is programmed to constantly check for an RFID card and 
then read the UID of said card when in range. No data is written or read from the card other than the UID 
as this was outside the scope of the prototype. The card UID is associated with a specified cat in the code, 
and the Arduino is then able to use the information about which cat is in front of the bowl to perform 
various tasks involving the scale and smartphone application. Commercially, this product would come 
with several RFID cards, allowing their unique UIDs to be programmed into the code without user input. 

 

Figure 9: Front view of the food bowl and RFID reader configuration. 

5.3 App and Software 
The app includes two tabs with identical layouts but different data, associated with each cat. Each 

tab includes three time inputs for setting feeding times, an amount slider that goes from 1 to 12 (with 
each number representing 1/12th of a cup) to set how much food is dispensed at each feeding, and two 
graphs: one showing the cat’s weight, and one showing how much food it eats. The graphs have the option 
to display historical data up to 6 months, and all recorded data is automatically stored on the Blynk cloud. 
The three separate time inputs were chosen to prove that the user could set multiple feeding times 
without having too many inputs in the prototype, but in the final version of the app more feeding time 
options would be added. A screenshot of the Blynk user interface can be seen in Figure 10. 
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Figure 10: User interface as designed in Blynk, showing three feeding times, a food amount slider, two graphs of cat weight and 
food consumed with live and historical options, and two tabs at the top for each cat. 

When the Arduino is first powered, both scales are tared, and its internal clock is synced with the 
real-time clock from the Blynk cloud to ensure accuracy. Every ten minutes, these values are read to 
variables in the Arduino. When the current time is equal to one of these values, the motor turns for 256 
steps (the number of steps in one segment of the food dispensing wheel) times the number from the 
amount slider, dispensing the correct amount of food. 

Data sent to the cat scale graph is averaged over five seconds to ensure higher accuracy given the 
high error associated with the cat scale load cells, and each graph is updated once every five seconds 
while an RFID card is being read. When data is read from the load cells, it is only written to the tab 
associated with the RFID UID that has been read, allowing a correct weight measurement for each cat as 
well as a correct representation of how much food each cat has actually eaten (i.e., if one cat is eating 
another cat’s food, this is reflected in the app). 

5.4 Dispensing Mechanism 
The final design consists of a wooden frame that holds the dispensing mechanism. The food is 

stored in a reservoir made of a water bottle, 10.5 inches in diameter. The bottle is cut to a height of 8 
inches using a band saw and is attached to the frame using three screws. Food moves from the reservoir 
down a tube made of 2-inch PVC pipe and a 45-degree PVC elbow. The pipe was cut to a 45-degree angle 
using a milter saw. An image of this can be seen in Figure 11. 
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Figure 11: Image of the frame, food reservoir, PVC piping, and aluminum box. 

The cut edge of the pipe sits flush with the lid of an aluminum box. This box consists of a lid and 
a bottom piece. Both pieces were made of 1 mm thick aluminum that had holes cut in it using a waterjet 
cutter. The holes that were cut can be seen in Figure 12 below.  

 

Figure 12: Screenshots of 3D models of the lid (left) and bottom piece (right). 

After the holes were cut, the pieces of aluminum were sheared to size, the corners were cut, and 
then the sides were bent at a 90-degree angle. The team drilled holes into the lid using a drill press such 
that the lid and the bottom piece could be connected using 5 cm standoffs. The head of a bath brush with 
the handle cut off is attached to the underside of the lid as seen in Figure 13. 
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Figure 13: Image of the box from the front showing the brush that is connected to the lid and the standoffs keeping the box and 
the lid separated. 

This brush has a 1-inch hole cut into it where the food can enter the box. Inside the box is a wheel 
that was 3D printed using PLA plastic. The wheel is connected to a stepper motor. Food is dispensed by 
turning the wheel which moves food from the side connected to the reservoir to the opposite side where 
the food drops out the triangular hole on the bottom. After the food has been dispensed out the bottom 
of the box, it lands in a chute made out of the same aluminum as the box. This chute was made by shearing 
pieces of aluminum, cutting triangles out of the side with a band saw and then bending it into shape. An 
image of the complete assembly can be seen in Figure 14 below.  

 

Figure 14: Image of the complete assembly. Included is the food reservoir, PVC piping that leads to the box, and the slide that 
puts the food into the bowl. Not included is the brush underneath the lid, the wheel, and the stepper motor that controls the 

dispensing. 
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5.5 Circuit Power 
The circuit is powered by a 9 V, 1 A power supply that plugs into the wall. The power source 

directly powers the Arduino through the Vcc pin, which in turn powers the scales and RFID reader. A DC-
DC buck converter is connected in parallel with the Arduino to step down the 9 V to 5 V to power the 
stepper motor safely. 

6. Testing, Validation and Iteration 

6.1 Mechanical 
 The mechanical design is evaluated on three distinct criteria: storing at least 4 L of cat food, 
dispensing food in the correct intervals of 1/12th of a cup, and running consistently with less than a 15% 
chance of jamming. As such, the team implemented testing frameworks to ensure these qualities are met. 
To measure the food storage capacity of the feeder, the funnel and piping volume can be calculated based 
on their dimensions. The team manually turned the wheel by a single division when it was completely 
filled with food to calculate the mass of food dispensed in each division. Food output by this rotation is 
measured as a cumulative total with the food load cell. The change in mass from each rotation is compared 
to a 1/12th cup sample measured with a kitchen scale. Lastly, we determined the jamming rate by allowing 
the wheel to spin at 5-second intervals, recording each activation of the motor and whether the rotation 
was complete. In the case of a jam, the wheel is manually rotated and cleared of any visible obstruction, 
then allowed to continue running.  

The funnel volume is 4.8 L, which is more than enough to meet the MVP requirement without 
accounting for the piping volume, so the pipe volume was ignored. Table 1 displays results from ten food 
divisions, resulting in an average mass dispensed per division of 10.2 ± 0.9 g. Meanwhile, 1/12th of a cup 
of the same cat food weighs 8.69 g. Though the divisions surpass the target, all samples save one outlier 
are within 2 g error. This was somewhat expected by the team, as we heightened the wheel during the 
design stage to compensate for the lost volume in the narrow corner of each division. As well, the samples 
are consistent with each other with a range of 2.3 g. While improvements are possible here, the jamming 
problem takes precedence. 

Table 1: Testing results of the mass dispensed by a division of the dispensing wheel. The average dispensed mass per division is 
average division mass of 10.2 ± 0.9 g. 

Trial Cumulative mass [g ± 2 g] Mass Added [g ± 2.8 g] 

1 10.7 10.7 

2 22.0 11.3 

3 32.8 10.8 

4 42.8 10 

5 53.5 10.7 

6 63.9 10.4 

7 73.3 9.4 

8 83.9 10.6 
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9 92.9 9 

10 102.0 9.1 

 

Initially, the wheel casing design had no space between the top of the wheel and the box lid in an 
effort to place an upper bound on the amount of food in each division. However, the high packing density 
and frictions of the cat food was greater than anticipated: the jamming rate was nearly 100% initially as 
the food sticking partly above the wheel cannot be pushed away by the box lid, as displayed in Figure 15. 
Therefore, the first design was unusable  

 

Figure 15: Example jam using the initial design configuration. The wheel cannot spin clockwise due to the food buildup. 

The first dispenser iteration involved raising the box lid using spacers and installing the head of a 
scrub brush on the inside so that it rests a few millimeters above the wheel, to produce a malleable barrier 
that allows the problematically positioned food to pass through. This brush has an inch-diameter hole 
drilled through it to allow input to the wheel while reducing the flow rate. We further decreased the flow 
into the wheel by replacing the PVC piping with a narrower vacuum hose. After adjusting the wheel 
position to account for this change, a connector piece was 3D-printed to attach the output of the tube to 
the hole through the brush. The product of the updated design is shown in Figure 16 below. While the 
brush implementation succeeds in preventing some of the jamming, the new piping setup creates an 
additional jam point at its entrance which requires shaking or stirring by the team to dislodge. Jamming 
also occurs as the brush bristles allow food to fall outside of the wheel and wedge against the box side, 
generating enough friction to stop the wheel. Due to these problems, no numerical tests were performed 
at this stage. 



20 
 

 

Figure 16: Mechanical system after the first iteration.  

The final iteration of the larger mechanical design involves the reimplementation of the PVC pipe 
to remove the jamming problem introduced by the smaller vacuum tube. We widened the hole through 
the brush, with sloping in the top to slightly reduce any bottleneck. Additionally, we tested two different 
guides (a rubber version and a PLA plastic version) to block any food from falling into the corners. The two 
guides are displayed in Figure 17. Once these changes were implemented, the testing framework for 
jamming rate was conducted for both guides as well as no guide, the results of which are shown in Table 
2. The best test run produced a success rate of 61.9%, which is a significant improvement from the first 
iteration but still does not meet the requirements for the MVP. 

    

Figure 17: Dispenser mechanism in the final iteration without lid or brush, displaying the rubber (left) and PLA plastic (right) 
guides. 

Table 2: Jamming success rate test results using various guides. 
Guide None Rubber PLA Plastic 
Success Rate (%) 33.3 61.9 54.2 
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The team performed a Chi-square test of independence on the jamming rate to determine if the 
jamming frequency was dependent on the material of the guides. The Chi-square test of independence is 
used to determine if there is a relationship between two categorical variables. These variables must be 
mutually exclusive, the expected values should be five or greater in 80% of the cells and no expected 
values should be less than one. Chi-square tests are based on the null hypothesis that the variables are 
independent of one another [21]. If the asymptotic significance is less than 0.05, null hypothesis can be 
rejected. Using SPSS, the asymptotic significance is found to be 0.600 which means that there is no 
statistical significance between the guide material and whether the prototype jammed [22]. The results 
of this test can be found in Appendix A.  

6.2 Scales 
The evaluation of the scale components was based on the measurement accuracy of both the cat 

scale and food bowl scale load cell configurations. The team developed a testing procedure that was 
performed on both of the scales to allow for the effective comparison to the design objectives. The 
procedure involved incrementally applying individual masses to the load cell configurations and recording 
the actual load and the load measured by the scale; both in grams. Each of the masses used was measured 
beforehand using an OHAUS Adventurer Pro AV4101 electronic precision balance to record the actual 
load accurate to 0.1 g, which would allow us to make more precise comparisons with the measured load. 
For the cat scale, a range of weights from ~1 kg to ~11 kg was used with increments of ~500 g. A graph 
displaying the actual load applied to the scale versus the measured load is seen in Figure 18 with the 
inclusion of a line of best fit. 

 

Figure 18: The actual weight applied to the cat scale load cell configuration vs. the weight measured as read from the Arduino 
serial monitor. 

The line of best fit was generated by performing a linear regression on the data, which then 
allowed us to examine the resulting residuals and calculate the average error. A plot of the residuals for 
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the cat scale data is shown in Figure 19. The plot includes two pairs of horizontal bars that indicate the 
target accuracy range (± 50 g) as well as the range that the scale is rated for (± 60 g). As seen in the figure, 
the majority of the datapoints fall within the target accuracy with the exception of a number of points on 
the larger end of the applied masses. There also appears to be a minor pattern in the shifting of the 
datapoints away from the regression line, which indicates some sort of systematic error in the testing 
process. This can likely be attributed to the drift in the calibration value of the scale over time that the 
team noticed while conducting the testing procedure. The notable outlier on the graph had an expected 
value of ~8500 g but instead was measured by the scale to be ~8140 kg. The team suspects that this 
significant error was caused by the high sensitivity of the load cells to small changes in the ground that 
they are resting upon. During the testing process, team members needed to walk around the scale which 
likely caused the large changes in the values read by the load cells. We have not found that this has caused 
issues in the final design, as the load cells rest on a piece of plywood that should not be subject to any 
minor deformations during the times when the scale will be recording data. 

Throughout the testing procedure, the measurements from the scale were read in real time by 
the Arduino and outputted in the serial monitor at the chosen baud rate of 9600 bits per second. The 
output value fluctuated as it was read so the recorded value for the measured weight is the approximate 
mean of the fluctuations over a 10 second period. The team also made note of a roughly the amount that 
the readings varied by over the 10 second period and recorded this value for each of the measurements. 
These error values were too small to be visible in the measured weight plot (Figure 18) but can be seen in 
the residual plot (Figure 19). 

 

Figure 19: Residual plot for the cat scale test data. The error bars are unique to each data point and are estimates based on the 
fluctuations that were observed in the real-time scale measurements. 
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 To calculate the actual accuracy of our scale, we took the average of the absolute values of the 
residuals. For the cat scale, we found the average error in the measurements to be ± 59.8 g, which is 
notably very close to the rated accuracy of ± 60 g. 

 As mentioned previously, the same procedure was performed to evaluate the food bowl scale’s 
performance but with one minor difference; smaller increments of 10 g were used for the applied load in 
the range of masses from 0-200 g. This was done because we wanted to make sure that the scale was 
accurate in the range that applied to our project, which means being able to weigh a mass of food that 
was dispensed as a specific number of 1/12th cup (8.69 g) portions. The remainder of the data simply uses 
increments of ~100 g up to 1 kg, which was included to ensure the load cell was consistent at both low 
and high loading within the scope of the project. As was done for the cat scale, the data for this test is 
displayed in a graph of the actual weight compared to the measured weight, with the line of best fit 
calculated from a linear regression included (Figure 20). 

 

Figure 20: The actual weight applied to the food bowl load cell vs. the weight measured as read from the Arduino serial monitor. 

The residual plot for the food bowl scale data can be found in Figure 21. As above, the horizontal 
lines indicate the target accuracy range (± 1.5 g) and the rated accuracy range (± 6 g). Note that all of the 
datapoints fall well within the rated accuracy range, and the majority of the points fall within the target 
accuracy range within the error bars of ± 2 g. The food bowl scale evidently outperformed its rated 
accuracy but did not quite reach our goal. The average of the absolute values of the residuals yielded an 
average error in measurement to be ± 1.6 g. 
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Figure 21: Residual plot for the food bowl scale test data. The error bars are of each data point are estimated as ± 2 g based on 
the fluctuations that were observed in the real-time scale measurements. 

The linear fits were considered accurate models for the data as they had slopes of 0.996 (cat scale) 
and 0.993 (food bowl scale), which is very close to the ideal slope value of 1. The lines also had intercepts 
that were close to the ideal value of 0 within error; -23.412 ± 47.975 and 2.883 ± 0.506, respectively. This 
shows that the regression lines were accurate representations of the data as they fit the ideally expected 
relationship within the random error introduced by the testing procedure. 

6.3 RFID Reader 
Initially, the team planned to use the smaller RFID tags instead of RFID cards both seen in Figure 

22 as they would be easier to attach to a cat’s collar and less obtrusive. However, since the design goals 
included a minimum read distance of 4 cm, we first tested the cards and tags by slowly moving them 
closer to the reader and recording the distance at which they were first read. Averaging over three trials, 
the tags had a read distance of 2.0 ± 0.5 cm, and the cards had a read distance of 4.5 ± 0.1. This is likely 
due to the larger size of the cards, as the antenna contained in the card is larger and therefore has a longer 
range. The team briefly investigated switching to ultra-high frequency (UHF) RFID cards for better read 
distance, but these were significantly harder to integrate with Arduino, as well as requiring an external 
antenna that increased their cost [23]. As such, the team chose to use the Mifare cards instead of the tags. 
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Figure 22: Left: RFID cards used in the final design. Right: RFID tags intended for use in the initial design. RFID cards were 
selected due to their larger read distance. 

6.4 Software 
The major issue encountered with software was speed. While the RFID reader, individual load 

cells, motor, and Blynk UI all worked independently of each other, integrating even one load cell with the 
RFID code caused the device to miss when RFID cards were held near the reader. The first improvement 
made was changing the baud rate (the speed at which information is transferred from the serial port to 
the Arduino) from 9600 to 151200, which allowed the reader, UI and one load cell to work together.  

This led to more issues when adding the second load cell, however. Initially, the team planned to 
measure the mass of dispensed food immediately after the motor ran to ensure an accurate reading. 
However, due to the number of conditions in the code (checking if an RFID was read, checking what time 
it was, updating feeding time values), it was not feasible to have two load cell read conditions in the loop. 
Since one of the major success criteria involved reading cat weight whenever the RFID was detected, we 
restructured the code such that both load cells would be read upon RFID detection, with an initial value 
for food being taken if the cat had just been fed and subsequent readings being subtracted from the initial 
value to calculate the total amount of food consumed. 

Due to inaccuracies in the cat scale as discussed in section 6.2, as well the load cells needing 
several seconds to reach the true measured value, data from this scale is averaged over five seconds. 
However, this creates a problem with timing—the data being written to the user interface is consistently 
five seconds behind (for example, if a cat has just stepped on the scale, the first value written to the user 
interface is zero, followed five seconds later by whatever the actual initial weight reading is).  The data is 
far from unusable as it still gives an estimate of food consumed and cat weight over time, but this is 
something that should be improved with more iteration to ensure that only relevant and accurate values 
are actually being written to the app. 

Finally, communication with Blynk over Wi-Fi also limited performance. It is obviously important to 
be able to get app input like feeding time and amount, but requesting this data from Blynk cloud during 
every loop slowed the code down enough that the RFID and load cells stopped working. This data was 
therefore only requested once every 10 minutes to prevent speed issues while also allowing the user to 
change feeding times or amounts within a reasonable window of time. 
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7. Discussion 

The most basic function of a cat feeder is to effectively dispense food. Our prototype has a 61.9% 
success rate for dispensing food without jamming, meaning that it fails to meet its most basic requirement 
the other 39.1% of the time. Although it works successfully more than half the time, this result still is 
nowhere near ideal and is also far from the goal initially set out by the team. Overall, the final product 
meets five of the eight total functional and design goals, which is summarized in Table 3 below. The goals 
that were met are highlighted in green, and those that were not met are in red. 

Table 3: Outline of the quantitative and qualitative functional and design goals for the MVP of this project and the result if the 
goal was or was not met in the final prototype. 

Goal Result 
Read RFID at a distance of 4 or more cm RFID can read up to 4.5cm away   
Jam less than 15% of the time Jams over 35% of the time 
Dispense repeatable amount of food per “slice” 
(within 2g each time) 

Dispenses 9-11g of food each time (within 
repeatability goal of +/- 2g) 

Weigh food within +/- 1.5g Weighs food within +/- 4g 
Weigh cat within +/- 50g Weighs cat within +/- 60g 
Hold 4L of food The volume of the reservoir is 4.8L excluding the 

funnel and pipes 
Dispense food on a user-set schedule Food is dispensed at the time selected 
User interface to display graph of cat weight and 
food eaten 

User interface shows graphs 

As can be seen by the results in the table above, there are a number of limitations to the operating 
ability of the project, with the most significant drawback being the rate of successful runs without the 
dispensing mechanism jamming. In addition to this, neither of the scales reached the target accuracy for 
the prototype, and there was not enough time remaining to iterate upon the design. The cat scale came 
within 20% of the target value of ± 50 g, which is still a very large margin of error and would need to be 
improved upon in the future. The food bowl scale came within 6.7% of the target value of ± 1.6 g, which 
is a much better performance, but there is still room to iterate and improve. 

Another key weakness of this project is that it is not safe for use with actual cats. This was not a 
requirement for the MVP, as the team did not include testing on real cats in the scope. However, due to 
the limited budget and access to resources, the team was unable to acquire food-safe materials to use in 
the construction of the prototype, and electronics like the RFID reader were still exposed. 

Taking into consideration all of these shortcomings, the current project design is not appropriate 
for reaching the goal. This is due to a number of limiting factors, most notably of which are time and 
budget constraints, however the main takeaway is that the project does not effectively carry out its most 
fundamental function of reliably dispensing food. 

8. Economic Analysis 

During this project, the team spent $364.39 on materials as outlined in Table S4 in Appendix B – 
Bill of Materials. Of those components, the 24V power adaptor, RFID tags, Arduino motor shield, and Mod 
Podge were not used in our final prototype. Table S6 in Appendix B omits unused items and estimates a 



27 
 

cost for items that were acquired from the Queen’s University Department of Physics. After taxes, the 
components for this project cost approximately $476.10, $552.30 after including the 3D printed parts and 
their associated costs as seen in Table S5 in Appendix B.  

If the Smart Cat Feeder were to be sold commercially, material costs would be decreased for the 
materials that can be purchased in bulk such as the aluminum and polycarbonate. Material costs may 
increase with the exclusion of 3D printed parts and PVC piping as food safe, custom-made components 
were not viable within the time and budgetary constraints of this project but would be mandatory for the 
final product. If this product were to go beyond the prototype stage, an app would need to be developed. 
Due to the number of features necessary for the app to operate, it can be approximated as a mid-size 
operation which could cost anywhere from $20, 000 to $30, 000 [24]. 

On Amazon, an automatic cat feeder with an app that controls the feeding times, a tank that holds 
four litres of cat food, and up to nine feedings per day costs $79.99 [25]. From Pet Smart, a cat tree of 
similar size to the prototype costs $119.99 [26]. A digital scale that connects to a smartphone app costs 
$28.99 on Amazon [1]. In total, these devices cost $228.97, $258.74 after taxes. Though this is less 
expensive than the cost of materials to construct the prototype, the prototype is able to track which cat 
has consumed food and how much food that cat consumed.  

9. Conclusion 

The final design consists of a cat feeder able to track the weight and eating behaviour of multiple 
cats through their RFID tag, display this data in a mobile app, and dispense food in 1/12th-cup portions on 
a user-set schedule. Overall, the design process to develop the final product was implemented smoothly. 
Key quantifiable objectives for the MVP – cat weight accuracy, food weight accuracy, storage volume, 
jamming rate, RFID detection distance, and food dispensed per division – were defined to drive decision-
making and evaluation. By splitting into distinct sub-teams while maintaining regular communication with 
progress updates and design decisions, work efficiency was optimized. The final design can read an RFID 
card from 4.5 cm, dispense 10.2 g of food on average per division, and hold over 4.8 L of food, which 
surpasses three of the quantifiable objectives. The weight accuracy for the cat and the food fall just short 
of the goal by ±10 g and ±2.5 g respectively. Lastly, the 61.9% success rate for jams is far lower than 
intended for the MVP, which is identified as the most critical shortcoming. 

Though the MVP of the project meets most of the quantifiable goals, it does not meet the 
necessary levels of reliability to be used for a real cat. A standard cat feeder will consistently dispense 
food 2-3 times each day; assuming a cat needs to eat 3/4th of a cup per day [3] the project would have to 
successfully dispense 9 divisions. Using the jam rate from the best test, the likelihood of the project 
succeeding in this goal without any jams is approximately 1.33%. The reliability of this sort of product is 
critical to its application as the worst case for failure is disastrous. If the cat feeder jams, the cat will go 
hungry until the obstruction is removed, which could be hours or even days depending on the owner’s 
circumstances. To bring the project up to commercial standards, its jamming rate should be under 2%, or 
1 in 50 divisions, which allows for more than 5 days of successful operation. This improvement could be 
implemented with an additional motor manually pushing food through the piping, rather than relying on 
gravity. Further cat-proofing would also be necessary to ensure the product is difficult to knock over or 
break into.  
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There is further work needed in the software and electrical components as well to reach an 
acceptable level. A higher accuracy is desired for each weight measurement, which requires more precise 
load cells. The range of the RFID reader is limited, so replacing it with a more powerful model will improve 
the robustness of the design. Furthermore, a Raspberry Pi should be used in place of the Arduino to 
improve the parallel processing power and speed of reading inputs and sending results to the app. In 
regard to the software, the code should be streamlined to provide faster response time to received data, 
while incorporating customization options for number of registered cats, number of feeding events per 
day, and the timing schedule of those events. 
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McMaster-Carr (part# 90107A007).  

[30]  Female Threaded Hex Standoff 18-8 Stainless Steel, 1/4" Hex, 2" Long, 6-32 Thread, Purchased from 
McMaster-Carr (part# 91115A136).  

[31]  HUABAN, 2 Pack DC 5V Stepper Step Motor 28BYJ-48 with ULN2003 Driver Test Module Board, 
Purchased from Amazon.ca (Part number CA-MW-Step-Motor-28BYJ-48-ULN2003-2PCS).  

[32]  Passivated 18-8 Stainless Steel Pan Head Phillips Screw, 6-32 Thread, 1/2" Long, Purchased from 
McMaster-Carr (part# 91772A148).  

[33]  Passivated 18-8 Stainless Steel Pan Head Phillips Screw, 6-32 Thread, 3/4" Long, purchased from 
McMaster-Carr (part# 91772A151).  

[34]  Black-Oxide Alloy Steel Hex Drive Flat Head Screw, 5-44 Thread Size, 1/2" Long, purchased from 
McMaster-Carr (part# 91253A154).  

[35]  Jonoisax, Aluminum Sheet 6061 Alu Alloy Plate T6 Thin Panel for DIY Craft 
Material,200mm*200mm*1mm, Purchased from Amazon.ca (ASIN# B09C87HHJQ).  

[36]  Gorilla All Weather Tape 25 yd, Purchased from Home Depot (Model # 101593, Store SKU # 
1001385217).  

[37]  Square-Drive Flat Head Screws for Wood, Black-Oxide Steel, Number 8 Screw Size, 1-1/2" Long, 
purchased from McMaster-Carr (part# 90610A721).  

[38]  Passivated 18-8 Stainless Steel Pan Head Phillips Screws, M4 x 0.7mm Thread, 12mm Long, 
purchased from McMaster-Carr (part# 92000A222).  

[39]  Phillips Flat Head Screws for Wood, Zinc-Plated Steel, Number 7 Size, 1-1/4" Long, purchased from 
McMaster-Carr (part# 90031A177).  

[40]  MEROM, MEROM 9V 2A Power Supply Adapter, purchased from Amazon.ca (ASIN# B0972YT5H8).  

[41]  Elegoo 120pcs Multicolored Dupont 40pin Breadboard Jumper Wires, Purchased from Amazon.ca 
(part number: EL-CP-004).  
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[42]  LIPOVOLT, LIPOVOLT® DC/DC 15A Buck Adjustable 4-32V 12V to 1.2-32V 5V Converter, Purchased 
from Amazon.ca (ASIN# B0756SZW28).  

[43]  Robosource, Polycarbonate Clear Plastic Sheet 12" X 18" X 0.0625" (1/16") Exact, Shatter Resistant, 
Easier to Cut, Bend, Mold than Plexiglass. VEX Robot, Hobby, DIY, Industrial, Craft. Plexiglas Glass 
Replacement, purchased from amazon.ca (part# PC1218, ASIN# B07MQTDF4R).  

[44]  F. Zajac, "Thigh muscle activity during maximum-height jumps by cats," Journal of 
Neurophysiology, vol. 53, no. 4, p. 979, 1985.  
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11. Appendix A – Chi-Square Test Results 
Table S1: Data from jamming tests for the rubber and plastic guides in the form of a frequency table. 

Material Jam Frequency 
Rubber Yes 8 
Plastic Yes 11 
Rubber No 13 
Plastic No 13 

 

Table S2: Jam and material crosstabulation created in IBM SPSS Statistics from Table S1 above. 

 
Material 

Total Plastic Rubber 
Jam No Count 13 13 26 

Expected Count 13.9 12.1 26.0 
Yes Count 11 8 19 

Expected Count 10.1 8.9 19.0 
Total Count 24 21 45 

Expected Count 24.0 21.0 45.0 

 

Table S3: Chi Square test results for jamming and guide material. 

 Value df 
Asymptotic 

Significance (2-sided) 
Exact Sig. (2-

sided) 
Exact Sig. (1-

sided) 
Pearson Chi-Square .275a 1 .600   

Continuity 
Correctionb 

.049 1 .824   

Likelihood Ratio .276 1 .600   

Fisher's Exact Test    .764 .413 

N of Valid Cases 45     

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 8.87. 

b. Computed only for a 2x2 table 
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12. Appendix B – Bill of Materials 
Table S4: List of materials that were purchased for this project from receipts. 

Component Quantity Cost Subtotal Shipping Store Cost After Taxes 
(+ Shipping) 

Pack of 4 200 kg 
Load Cells 1 $ 12.98 

$ 27.97 0 Amazon $ 31.26 
24V Power Adaptor 1 $ 14.99 
Arduino Uno Wifi 
Rev2 1 $ 70.95 

$ 93.99 0 QKits  $ 106.21 
MFRC522 RFID 
Reader Board Pack 

1 $ 6.39 

RFID Tags 1 $ 8.97 
Arduino Motor 
Shield  1 $ 7.68 

1x2x8 Framing 
Lumber 4 $ 2.50 

$ 55.00 $ 59.00 Home 
Depot $ 128.82 2x2x8 Framing 

Lumber 2 $ 5.00 

3/8in x 4ft x 8ft 
Plywood 1 $ 35.00 

PVC Elbow 1 $ 1.95 $ 1.95 $ 1.00 Lowe's $ 3.33 
Metal Bowls 1 $ 7.97 $ 7.97 0 Amazon $ 9.01 

Water Bottle 1 $ 18.99 $ 18.99 0 Home 
Hardware $ 21.46 

Cat Food 1 $ 14.47 
$ 27.44 0 Amazon $ 31.01 

Mod Podge 1 $ 12.97 
HX711 Load Cell 
Amplifier 1 $ 4.50 

$ 13.47 0 QKits  $ 15.22 Mifare Proximity 
Cards 1 $ 8.97 

20kg Load Cell + 
HX711 load cell 
amplifier 

1 $ 15.99 $ 15.99 0 Amazon $ 18.07 

                                                                                                                                                        TOTAL = $ 364.39    
 

Table S5: Bill from the shop outlining the labour and material costs of the 3D printed parts. 

Expense Cost 
Two 3D Prints $ 50.00  
166g PLA $ 21.58  
22g PVA $ 4.62  

TOTAL = $ 76.20  
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Table S6: List of materials used in the final prototype. The first thirteen items were adapted form the receipts outlined in Table 
S4, and the last seventeen were borrowed hence those prices are estimated. 

Component Quantity Used Cost Store Subtotal 

Pack of 4 200 kg 
Load Cells 1 $ 12.98 Amazon $ 12.98 

Arduino Uno Wifi 
Rev2 1 $ 70.95 QKits $ 70.95 

MFRC522 RFID 
Reader Board Pack 1 $ 6.39 QKits $ 6.39 

1x2x8 Framing 
Lumber 3 $ 2.50 Home Depot $ 7.50 

2x2x8 Framing 
Lumber 2 $ 5.00 Home Depot $ 10.00 

3/8in x 4ft x 8ft 
Plywood 0.5 $ 35.00 Home Depot $ 17.50 

PVC Elbow 1 $ 1.95 Lowe's $ 1.95 
Metal Bowls 1 $ 7.97 Amazon $ 7.97 
Water Bottle 1 $ 18.99 Home Hardware $ 18.99 
Cat Food 1 $ 14.47 Amazon $ 14.47 
HX711 Load Cell 
Amplifier 1 $ 4.50 QKits $ 4.50 

Mifare Proximity 
Cards 1 $ 8.97 QKits $ 8.97 

20kg Load Cell + 
HX711 load cell 
amplifier 

1 $ 15.99 Amazon $ 15.99 

Carpet 

two 25x53 cm, 
one 53x64 cm, 
one 31x67 cm 

piece 

$ 2.55 / sq. ft. Home Depot [27] $ 22.19 

PVC Pipe 1 ft $ 23.46 / 5 ft Home Depot [28] $ 4.69 

Washers 4 $ 4.00 /  100 washers McMaster-Carr 
[29] $ 0.04 

Standoffs 4 $ 3.83 McMaster-Carr 
[30] $ 15.32 

Stepper Motor 1 $ 12.99 / 2 motors Amazon [31] $ 6.50 

Machine Screws 
6/32 0.5" 4 $7.40 / 100 screws McMaster-Carr 

[32] $ 0.30 

Machine Screws 
6/32 0.75" 4 $ 9.05 / 100 screws McMaster-Carr  

[33] $ 0.36 

Flathead Machine 
Screws 2 $ 13.6 / 10 screws McMaster-Carr 

[34] $ 2.72 
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1 mm Thick 
Aluminum 

one 15.4x15.4 
cm, one 

14.8x14.8 cm, 
and one 30x22 

cm piece 

$ 23.65 / 200 mm3 
piece Amazon [35] $ 70.95 

Duct Tape 1 roll $ 16.57 Home Depot [36] $ 16.57 

Wood Screws 40 $ 12.38 / 25 screws McMaster-Carr 
[37] $ 19.81 

Screw M4x0.7 2 $ 10.74 / 100 screws McMaster-Carr 
[38] $ 0.21 

Number 7 Wood 
Screw 2 $ 10.68 / 100 screws McMaster-Carr 

[39] $ 0.21 

9V Power Supply 1 $ 16.99 Amazon [40] $ 16.99 
Jumper Wires (M/M 
and M/F) 20 $ 17.99 / 120 wires Amazon [41] $ 3.00 

Buck Converter 1 $ 9.45 Amazon [42] $ 9.45 

Lexan Polycarbonate 2x 30cmx40cm 
sheets $ 16.93 Amazon [43] $ 33.86 

TOTAL = $ 421.32 
AFTER TAXES =  $ 476.10  

PLUS SHOP BILL = $ 552.30 
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13. Appendix C – Circuit Power Calculations 

The total current draw will be 

𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑡𝑡 =  𝐼𝐼𝑡𝑡𝑎𝑎𝑎𝑎𝑜𝑜𝑖𝑖𝑖𝑖𝑜𝑜 + 𝐼𝐼𝑠𝑠𝑜𝑜𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎 

Since the Arduino is powering the scales and RFID, the current they draw is included in the Arduino current 
draw.  

A reasonable estimated current draw of the Arduino would be about 0.5A. The maximum possible is 0.8A. 
For safety, the maximum current will be used in the calculations. [citation] 

𝐼𝐼𝑡𝑡𝑎𝑎𝑎𝑎𝑜𝑜𝑖𝑖𝑖𝑖𝑜𝑜 = 800𝑚𝑚𝑚𝑚 

The stepper motor typically draws about 240mA [citation]. It is powered by the scaled down voltage from 
the buck converter. Due to conservation of energy, the power in must equal the power out. Thus, when 
the voltage is scaled down by the buck converter, the current will increase. This means that the actual 
current draw of the stepper motor, 𝐼𝐼𝑠𝑠𝑜𝑜𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎, will be less than 240mA.  

According to the data sheet for the Buck Converter, it is up to 98% efficient [citation] 

Assuming it is 90% efficient for a factor or safety: 

𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜 = 0.9𝑃𝑃𝑖𝑖𝑖𝑖 

For the stepper motor the output must be:  
𝑉𝑉𝑜𝑜𝑜𝑜𝑜𝑜 = 5𝑉𝑉 

𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜 = 240𝑚𝑚𝑚𝑚 
The equation for power is:  

𝑃𝑃 = 𝐼𝐼𝑉𝑉 
 Therefore  
  

𝑃𝑃𝑖𝑖𝑖𝑖 = (5𝑉𝑉)(0.24𝑚𝑚)0.9 = 1.39𝑊𝑊 
 We know  

𝑉𝑉𝑖𝑖𝑖𝑖 = 9𝑉𝑉 
Therefore  

𝐼𝐼𝑖𝑖𝑖𝑖 = (1.39𝑊𝑊)(9𝑉𝑉) = 154𝑚𝑚𝑚𝑚 =  𝐼𝐼𝑠𝑠𝑜𝑜𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑎𝑎 
Thus 

𝐼𝐼𝑜𝑜𝑜𝑜𝑜𝑜𝑡𝑡𝑡𝑡 = 800𝑚𝑚𝑚𝑚 + 154𝑚𝑚𝑚𝑚 = 954𝑚𝑚𝑚𝑚 
 
The maximum possible current draw of the circuit is 954mA which is below the maximum of 1A. It is 
important to note that this is the worst case scenario with the buck converter working at below its 
maximum efficiency and the Arduino drawing the maximum possible current. Under normal conditions, 
the current draw would be closer to 0.6A.  
 
  

https://thepihut.com/blogs/raspberry-pi-tutorials/how-do-i-power-my-arduino
https://lastminuteengineers.com/28byj48-stepper-motor-arduino-tutorial/
https://www.amazon.com/LIPOVOLT-Adjustable-1-2-32V-Converter-Module/dp/B0756SZW28
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14. Appendix D – Counterweight Calculations 

Figure S1 shows a diagram of the side view of the feeder with the forces considered in the calculations. 
These include the weight from the feeder including the frame and all internal components, the weight 
from the counterweight – the unknown variable –, and the force applied to the feeder by a cat jumping 
from it. The estimate for the mass of the feeder is 12 kg. The estimate for the force applied by the cat is 
based on the maximum force exerted by a cat’s legs when vertically jumping off of a force scale: four times 
its body weight 𝐹𝐹𝑐𝑐𝑡𝑡𝑜𝑜 = 4𝑚𝑚𝑐𝑐𝑡𝑡𝑜𝑜𝑔𝑔 [44]. 

 
Figure S1: Side view diagram of the cat feeder including forces considered in the calculation of the counterweight mass. m is the 
mass of the feeder frame and internal components; M is the unknown mass of the counterweight. Fcat is the force applied by the 
jumping cat, and mcat is the cat’s mass. Relevant dimensions are indicated and quantified. 

The counterweight’s role is to prevent angular acceleration 𝜶𝜶 about the pivot point in Figure S1. From 
Newton’s second law in torque form: 

𝐼𝐼𝜶𝜶 = �𝝉𝝉 = �𝒓𝒓 ×  𝑭𝑭 = 0 (𝑆𝑆1) 

where 𝐼𝐼 is the moment of inertia of the system about the pivot point, 𝝉𝝉 is the torque about the pivot point, 
𝒓𝒓 is the distance from the pivot point to the point of application of force 𝑭𝑭 causing torque 𝝉𝝉. Doing a sum 
of torques for the system one gets: 

𝑟𝑟𝑐𝑐𝐹𝐹𝑐𝑐𝑡𝑡𝑜𝑜 −
𝑥𝑥
2
𝑀𝑀𝑔𝑔 −

𝑟𝑟𝑐𝑐
2
𝑚𝑚𝑔𝑔𝑚𝑚𝑚𝑚𝑚𝑚(𝜙𝜙) = 0 (𝑆𝑆2) 

where the variables refer to Figure S1. Solving for the unknown counterweight mass M: 

𝑀𝑀 =
2𝑟𝑟𝑐𝑐
𝑥𝑥 �𝑚𝑚𝑐𝑐𝑡𝑡𝑜𝑜 −

1
2
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(𝜙𝜙)� (𝑆𝑆3) 

Inputting the dimensions from Figure S1, we get M = 5.1 kg for an average overweight 𝑚𝑚𝑐𝑐𝑡𝑡𝑜𝑜 = 6.5 kg cat. 
Rounding up for safety we can take M = 7 kg. If we want to account for the heaviest cat breed, then 
𝑚𝑚𝑐𝑐𝑡𝑡𝑜𝑜 = 11 kg and M = 25 kg [6]. 
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