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 The Internet of Things (IoT) can be applied in pet care through a smart food dispenser 

that allows owners to monitor their pets' feeding from their smartphone. This 

facilitates remote control of the dispenser from anywhere and addresses issues related 

to customizing food portions according to the pet's individual needs. The main 

challenges in implementing such a dispenser include ensuring precise management of 

the pet's feeding. It is crucial to integrate technologies that enable continuous data 

monitoring. The primary electronic components of the dispenser include an ESP32 

microcontroller, an ultrasonic sensor, and a load cell. The main objective is to offer 

owners a reliable solution for feeding their pets. The associated mobile application 

records the pet's food intake and provides graphical representations of the food levels 

in the reserve tank. 
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1. INTRODUCTION 

 

In the diet consumed by dogs, commercial foods play a 

crucial role as they are the main source to satisfy their essential 

nutritional requirements according to the individual 

characteristics of each dog, such as weight, breed, gender and 

body condition. These foods are specifically formulated to 

provide the necessary energy to enable dogs to perform their 

daily activities [1]. 

Providing the improper amount of food can have serious 

consequences therefore administering the correct amount of 

food can be a challenging process, if you are uncertain about 

your dog's diet requirements, it is advisable to seek guidance 

from a specialist. For example, overfeeding can lead to obesity, 

which can lead to health problems such as diabetes, 

cardiovascular disease and joint problems [2]. On the other 

hand, food restriction leads to stress and aggression [3]. 

Automatic food dispensers emerged as a practical solution 

for pet owners with busy schedules or who are absent for 

extended periods [4]. These devices ensure constant access to 

food, keeping it available until the reserve tank is empty. 

Currently, automatic feeders on the market present a 

significant area of opportunity in terms of feeding 

customization. 

The advancement of IoT technology has transformed pet 

care, allowing owners to obtain accurate information about 

their pet's feeding remotely [5]. The use of IoT-based smart 

feeders can help mitigate these issues by providing precise 

control over food portions and allowing customized 

adjustments based on the pet's body condition and activity 

level [6]. The implementation of these technologies can 

address many of the challenges related to proper feeding of 

pets, improving their overall health and well-being. 

 

2. LITERATURE SURVEY 

 

2.1 Patents 

 

A remarkable example is the introduction of the gravity 

mechanism in feeders, which was a milestone in functional 

design. However, this initial innovation had limitations in that 

it did not allow for precise portion control, which negatively 

impacted pet health [7]. 

Automatic feeders and IoT incorporation 

Automatic feeders have revolutionized pet care by 

integrating electronic components that allow for efficient 

control of feed quantities, solving problems associated with 

traditional models [8]. 

The physical absence of owners has driven the need for 

more advanced solutions, such as remote management through 

the Internet of Things (IoT). This technology offers real-time 

monitoring and control, raising standards in pet care and 

optimizing feeding in a personalized and accurate method [5]. 

 

2.2 Papers 

 

Integrating IoT and remote access to home automation 

The physical absence of people in the home has driven the 

adoption of home automation systems, such as robots that 

control smart devices such as lights, doors, smoke and gas 

detectors, irrigation systems, and automatic feeders, all 

accessible from a cell phone [9]. Within this context, remote 

access, defined as the ability to manage devices from a remote 

location, has become an essential part of the Internet of Things 

(IoT). This technology allows users to monitor and control 

devices in real time, transforming interaction with the 

environment and optimizing home comfort and security [5]. 
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Innovations in smart feeders for pets 

The increase in demand for automatic devices has led to the 

development of advanced tools in pet care, such as smart 

feeders [10]. Unlike traditional automatic feeders, which 

control the amount of food, smart feeders offer personalized 

feeding based on the individual needs of each pet [11]. 

Equipped with sensors to monitor the food consumed and 

actuators to dispense precise portions, these devices leverage 

cloud connectivity and remote interfaces to provide real-time 

control and tracking. These solutions not only prevent 

overfeeding, but also optimize pets' diets, improving their 

well-being and making owners' lives easier [12]. 

 

2.3 Pet feeding 

 

Pets need a balanced diet, as it allows for optimal growth 

and helps maintain their weight within the recommended 

standards for their breed [13]. Feeding pets in the correct 

amounts can be a challenge for people. Commercial foods 

contain a specific amount of energy per unit of food. 

Specialists recommend feeding the right amount of food based 

on the pet's gender, breed, and weight [14]. 

To estimate the amount of food a pet requires, it is necessary 

to divide the daily energy requirement by the energy density 

of the food. For example, if the pet requires 900 kcal per day 

and its food contains an energy density of 3850 kcal/kg, the 

amount of food the pet requires is 0.23 kg (233.70 g) [13]. 

The importance of feeding control is that it ensures that the 

caloric and nutritional needs of pets will be administered in the 

correct amounts. The equation that determines the daily energy 

requirement of a dog must be adjusted considering several 

factors [13]. The equations for calculating the recommended 

food portion if pets are physically active are as follows: 

Eq. (1) corresponds to the equation for determining the 

energy requirement of inactive dogs [13]. 

 
0.7595 ( )weight kg  (1) 

 

Eq. (2) corresponds to the equation for determining the 

energy requirement of active dogs [13]. 

 
0.75130 (kg)weight  (2) 

 

Overfeeding in pets can cause obesity, which is defined as 

when a pet consumes more energy than it uses. Excess energy 

causes the pet to gain weight. It is important to treat obesity to 

maintain the pet's health [13]. For the treatment of obesity, the 

recommended equation for calculating the energy requirement 

is as follows: 

Caloric deficit is a treatment for weight loss. Eq. (3) 

corresponds to the equation for calculating the energy 

requirement [13]. 

 

( )0.7595 ( ) 0.60weight kg   (3) 

 

Weight loss treatment should be administered until the 

target weight is reached. It is possible to estimate the weight 

loss per week until the target weight is reached [15].  

First, the pet's ideal weight should be calculated. Eq. (4) 

corresponds to the equation for calculating the pet's ideal 

weight [15]. 

 

 (4) 

 

Subsequently, the weight loss per week is calculated. Eq. (5) 

corresponds to the weight loss per week [13]. 

 

  0.02current body weight  (5) 

 

Finally, in Eq. (6) the time to reach the ideal weight is 

calculated [13]. 

 
 (6) 

 

Conversely, when the pet is below the normal weight range, 

it is crucial to consult a veterinarian. This professional can 

identify the underlying cause and recommend an appropriate 

feeding and care plan [16].  

Eq. (7) corresponds to the equation for calculating the 

energy requirement for pets gaining weight [16]. 

 

(30 (kg)) 70RER bodyweight=  +  (7) 

 

Eq. (8) corresponds to the equation for calculating the 

portion of feed needed for underweight pets [16]. 

 

|1.20( 1.80 ) |RER−   (8) 

 

2.4 Standard weights by breed 

 

Table 1 below shows the different standard weights 

depending on the breed. In general, an ideal weight range is 

established for each breed, which serves as a reference for 

evaluating the health and nutritional status of dogs. To 

determine the standard weight, the size of the breed is 

considered. Keeping pets within their standard weight ranges 

is essential to prevent diseases related to being overweight [17]. 

 

2.5 Software 

 

2.5.1 IoT platforms 

IoT platforms enable the connection, management and 

visualization of data from IoT devices, providing various tools 

and services for developers [18]. A comparison between some 

of the most popular platforms is presented in Table 2. 

 

Table 1. Standard weight by breed 

 
Dog Breed Minimum Male Weight (kg) Maximum Male Weight (kg) Minimum Female Weight (kg) Maximum Female Weight (kg) 

Beagles standard 9 14 9 14 

Boxers 29 36 25 29 

Chihuahuas 3 5 3 5 

Cocker Spaniels 11 14 9 11 

Collies 27 34 23 29 

French Bulldogs 10 13 10 13 

Maltese 2 3 2 3 
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Table 2. Platforms for IoT development 

 
Features Blynk Thing Speak Arduino Cloud Firebase 

Programming 

language 
C++ C++ C++ JavaScript, Python and C++ 

Communication 

protocol 
HTTP and MQTT HTTP and MQTT HTTP and MQTT HTTP 

Storage 
Cloud data storage, limited 

in the free version 

Cloud data storage, limited 

in the free version 

Cloud data storage, limited 

in the free version 

Firestore for storage and realtime 

database for real-time data 

Price 
Free with limitations, 

payment options available 

Free with limitations, 

payment options available 

Free with limitations, 

payment options available 
Free payment options available 

2.5.2 Firebase 

Firebase as a simplified solution for application 

development 

Firebase, Google's cloud storage service, is a powerful tool 

that simplifies application development by enabling direct 

interaction between client applications (web, iOS, or Android) 

and the database. This eliminates the need for an intermediate 

server, streamlining the development process. One of its key 

features is real-time synchronization, ensuring that any 

changes to the data are instantly reflected across all connected 

clients. This functionality enhances user experience and 

fosters efficient data management in dynamic applications 

[19]. 

Real-Time NoSQL Database and JSON Data Format 

Firebase operates as a real-time NoSQL database, storing 

data in JSON (JavaScript Object Notation) format. JSON is a 

widely accepted standard for data exchange between servers 

and applications. Firebase's use of JSON allows for seamless 

communication and data manipulation, making it an ideal 

choice for applications that require real-time updates and 

scalability [19]. 

 

2.5.3 Android Studio 

It is a development environment for Android applications. 

You can create a project or use a template. Android 

applications are written in Java and Kotlin programming 

language [20]. It provides a comprehensive set of tools and 

resources for Android application development, testing, 

debugging and optimization [21].  

Main programming languages for Android development 

Java: It is the main language for Android application 

development. It has extensive documentation and a large 

developer community. 

Kotlin: It is the most recent language recommended by 

Google for Android application development. Kotlin is 

interoperable with Java and offers many modern 

enhancements and features that facilitate code development 

and maintenance. 

 

2.6 IoT microcontrollers 

 

Microcontrollers consist of a central processing unit (CPU), 

memory and input/output pins. They are fundamental to the 

IoT because of their ability to process data and their 

compatibility with different wireless communication 

technologies. Microcontrollers consume little power and 

usually operate at specific voltages (such as 3.30 V or 5 V), 

therefore, a voltage regulator is necessary to convert the 

battery voltage to the appropriate level [22]. 

 

2.7 Food measuring instruments 

 

Accurate feed portion control is essential to ensure adequate 

caloric intake in dogs, as inaccurate measurements can lead to 

overfeeding and health problems [23]. Load cells offer an 

efficient solution by accurately measuring the required 

portions, reducing the risk of errors and promoting a balanced 

diet. On the other hand, ultrasonic sensors allow monitoring 

the feed level in the smart feeders' reservoir, calculating the 

distance by means of sound waves and ensuring a constant 

supply [24]. 

 

 

3. METHODOLOGY 

 

The methodology for designing an IoT pet feeder integrates 

hardware and software aspects to ensure an efficient and 

functional solution. This combination ensures accurate and 

automated control of pet feeding. 

 

3.1 Problem definition 

 

From a field study conducted in several homes, it was 

observed how people feed their pets. During this process, it 

was observed that the main instrument used to measure 

accurate amounts of food is the measuring cup.  

The use of a measuring cup to control the amount of food 

provided to pets was evaluated. Three trials were conducted in 

which specific desired portions were defined and the amounts 

obtained in each case were recorded. 

In the first test, a desired portion of 90 grams was 

established, but the amounts obtained were 149, 148, 138, 129 

and 153 grams, resulting in a mean of 143.4 grams and a 

variance of 76.24. 

In the second test, the desired portion was 135 grams, and 

the measured amounts were 177, 200, 187, 197 and 183 grams. 

The mean was 188.8 grams and the variance was 73.76. 

In the third test, the desired portion was 180 grams, and the 

quantities recorded were 222, 215, 210, 235 and 250 grams. In 

this case, the mean was 226.4 grams, and the variance 

increased to 209.84. 

The results obtained reflect that the use of the measuring 

cup does not guarantee precision in measuring the desired 

portions of food, since in all the tests the average amounts were 

significantly greater than the established portions. 

 

3.2 Proposed system 

 

This project will implement a device that adjusts the feeding 

of pets considering their physical activity, breed, gender, and 

physical condition, optimizing their nutrition, and customizing 

their diets. The device will automatically control the amount 

of food dispensed through a motor and sensors, recording the 

consumption with a load cell and an ultrasonic sensor. The 

data will be stored in Firebase and accessible in real time from 

a mobile application, facilitating monitoring and efficient 
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management of food. 

Figure 2 shows the process of information exchange 

between a user, the mobile application, cloud storage and the 

electronic components that make up the system. Subsequently, 

the function of each component is described. 

• The ESP32 is a microcontroller with Wi-Fi 

connectivity support. 

• The load cell is a tool to measure the amount of 

feed intake. 

• The HX711 has the function of translating the data 

received by the load cell. 

• The ultrasonic sensor HC-SR04 serves to measure 

the level of feed in the tank. 

• The DC motor has the main task of controlling the 

feed dispensing. 

• The motor controller module L298N to control the 

DC motor. 

• The auger is coupled to the DC motor and its 

function is to rotate to transport the feed from the 

container to the bowl. 

• The MPU 6050 accelerometer measures and 

records the physical activity of the pet. 

 

• Mobile applications for data visualization and 

configuration. 

• Firebase is the way to store and manage data. 

 

 
 

Figure 1. Overall system 

 

3.3 Software design 

 

Figure 3 is a flowchart that outlines the technical 

functioning of a pet feeder. Here is a detailed description of its 

components and their interactions. 

 

 
 

 

Figure 2. Flowchart of the pet feeder 
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1. Start: 

• The system is initialized and ready to begin the 

feeding process. 

2. Check food level: 

• The feeder uses a sensor (e.g., ultrasonic sensor) to 

measure the amount of food in the reservoir. 

• If the food level is low, a notification is sent to the 

user to refill the reservoir. 

3. Check feeding schedule: 

• The system checks the predefined feeding 

schedule stored in its memory or cloud. 

• If it is not feeding time, the system waits and 

periodically rechecks the schedule. 

4. Measure the amount of food: 

• Once the feeding time is confirmed, the system 

calculates the amount of food to dispense based on 

the pet's profile (weight, age, activity level, etc.). 

• This involves using data from the cloud or the 

user's mobile application. 

5. Dispense food: 

• The feeder activates a motor to dispense the 

calculated amount of food into the feeding bowl. 

• The food is measured either by a load cell (weight 

sensor) or a timed dispensing mechanism. 

6. Confirm food dispensed: 

• The system verifies the food that has been 

dispensed correctly. 

• This might involve checking the weight of the food 

in the bowl using a load cell. 

7. Monitor eating: 

• The feeder uses sensors to monitor the pet's eating 

behavior. 

• If the pet does not eat the food within a specified 

time, a notification is sent to the user. 

8. Update records: 

• The system updates the feeding log with the 

amount of food dispensed and consumed. 

• This data is sent to the cloud for record-keeping 

and analysis. 

9. Send notifications: 

• The system sends notifications to the user via the 

mobile application about feeding status, food 

levels, and any anomalies. 

10. End: 

• The feeding cycle ends, and the system returns to 

the idle state, waiting for the next scheduled 

feeding time. 

 

3.4 Nutritional management algorithm 

 

Figure 4 represents the flow chart of the algorithm to 

determine the appropriate amount of food for a pet based on 

its characteristics, ideal weight and body condition. Each step 

of the process is described below. 

1. The process starts, and the characteristics of the pet are 

obtained. 

2. The ideal weight of the pet is determined. 

3. The pet is checked for underweight: 

• If it is underweight, the corresponding amount of 

food is calculated, and the process ends. 

• If the pet is not underweighted, the pet is checked 

for being overweight. 

• If it is overweight, the corresponding amount of 

food is calculated, and the process ends. 

• If not overweight, the pet's body condition is 

evaluated. 

4. Check if the pet is sedentary: 

• If sedentary, the corresponding amount of food is 

calculated, and the process ends. 

• If the pet is not sedentary, check if the pet is active. 

• If it is active, the corresponding amount of food is 

calculated, and the process ends. 

5. The process ends. 

 

 
 

Figure 3. Estimate food portions 

 

3.5 Hardware design 

 

Figure 5 depicts the printed circuit board (PCB) of a smart 

pet feeder as a key part that integrates and coordinates all the 

functions of the device. This type of PCB is designed to 

support a variety of sensors and actuators, as well as manage 

communication with mobile applications and cloud services. 

A pet feeder PCB incorporates multiple communication 

interfaces. These can include Wi-Fi, Bluetooth, and often 

physical interfaces such as UART, I2C and SPI to connect 

sensors and actuators. 

 

 
 

Figure 4. Pet feeder PCB 
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4. RESULTS 

 

The IoT pet feeding system was evaluated by performing 15 

measurements with a 5 kg capacity load cell and an HX711 

amplifier AD weight test module. The results obtained 

provided information about the accuracy of the system. The 

first test was performed on a Chihuahua breed pet with a 

current weight of 2.54 kg, the pet is within the range 1.93-2.72 

kg indicating that the pet is at its optimal weight. 

General Pet Information 

• Breed: Chihuahua 

• Gender: Female 

• Current weight: 2.54 kg 

• Standard weight range: 1.93-2.72 kg 

Calculation of the food portion using Eq. (1) the estimation 

of the portion of food for inactive dogs. 

 
0.75130 (2.54) 261.55 =  

 

The pet requires 261.55 kcal daily, and its food has an 

energy density of 3670 kcal/kg. The amount of food the pet 

requires daily is 0.07 kg (71.26 g). By dividing this amount 

into three meals per day (morning, afternoon, and evening), 

the corresponding portion for each meal is 23.75 g. In addition, 

the pet's weight was recorded to verify that it remains stable. 

Table 3 presents the results obtained from 15 measurements 

of the same quantity, the average of the real value was 22.80 

g. To evaluate the accuracy of the smart feeder, the absolute 

error, relative error, and percent error of the measurements 

obtained were calculated. 

 

Table 3. Measurement A 

 

# 

Dog 

Weight 

(kg) 

Food 

Weight 

(g) 

Absolute 

Error 

Relative 

Error 

Percent 

Error 

1 2.54 19 3.80 0.17 16.67 

2 2.54 24 1.20 0.05 5.26 

3 2.54 19 3.80 0.17 16.67 

4 2.54 27 4.20 0.18 18.42 

5 2.51 19 3.80 0.17 16.67 

6 2.54 23 0.20 0.01 0.88 

7 2.54 24 1.20 0.05 5.26 

8 2.54 21 1.80 0.08 7.89 

9 2.55 22 0.80 0.04 3.51 

10 2.55 26 3.20 0.14 14.04 

11 2.55 25 2.20 0.10 9.65 

12 2.49 25 2.20 0.10 9.65 

13 2.49 22 0.80 0.04 3.51 

14 2.49 24 1.20 0.05 5.26 

15 2.59 22 0.80 0.04 3.51 

 

To make a comparison between the two tables, we will first 

review the error values and how the distinct types of errors 

were calculated. 

 
Average actual 

value 
Food weight/15 

Absolute error 
𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑒𝑟𝑟𝑜𝑟 =
∣ 𝑓𝑜𝑜𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑜𝑜𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 ∣ 

Relative error 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑒𝑟𝑟𝑜𝑟 
= 𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑒𝑟𝑟𝑜𝑟 
/𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑜𝑜𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 

Percent error 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑒𝑟𝑟𝑜𝑟 = 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑒𝑟𝑟𝑜𝑟 × 100 

Average 

percentage error 
Percent error/15 

The second test was performed on a Poodle pet with a 

current weight of 6.39 kg, the pet is within the range 4.53-6.80 

kg indicating that the pet is at its optimal weight. 

 

General Pet Information 

• Breed: Poodle 

• Sex: Female 

• Current weight: 6.39 kg 

• Standard Weight Range: 4.53-6.80 kg 

 

The portion of food for inactive dogs is calculated using Eq. 

(1). 

 
0.75130 (6.39) 522.47 =  

 

The pet’s daily requirement is 522.47 kcal, and its food has 

an energy density of 4300 kcal/kg. The amount of food the pet 

requires daily is 0.12 kg (121.50 g). Dividing this amount into 

three meals per day (morning, afternoon, and evening), the 

corresponding portion for each meal is 40.50 g. In addition, 

the pet's weight was recorded to verify that it remains stable. 

Table 4 describes the results obtained from 15 

measurements of the same amount, the average of the real 

value was 34.93 g. To evaluate the accuracy of the smart 

feeder, the absolute error, relative error, and percent error of 

the measurements obtained were calculated. 

 

Table 4. Measurement B 

 

# 

Dog 

Weight 

(kg) 

Food 

Weight 

(g) 

Absolute 

Error 

Relative 

Error 

Percent 

Error 

1 6.39 36 1.07 0.03 3.05 

2 6.39 34 0.93 0.03 2.67 

3 6.35 34 0.93 0.03 2.67 

4 6.35 35 0.07 0.00 0.19 

5 6.35 35 0.07 0.00 0.19 

6 6.37 34 0.93 0.03 2.67 

7 6.37 38 3.07 0.09 8.78 

8 6.37 36 1.07 0.03 3.05 

9 6.39 35 0.07 0.00 0.19 

10 6.39 36 1.07 0.03 3.05 

11 6.39 34 0.93 0.03 2.67 

12 6.41 34 0.93 0.03 2.67 

13 6.41 34 0.93 0.03 2.67 

14 6.41 35 0.07 0.00 0.19 

15 6.39 34 0.93 0.03 2.67 

 

 

5. CONCLUSIONS 

 

In conclusion, the data obtained in the field study using 

measuring cups showed limitations in the accuracy of the 

portions served, which contrasted significantly with the results 

of the proposed IoT feeder. This automated system 

demonstrated a marked improvement in ensuring more 

accurate portions, promoting efficient control of pet feeding. 

As a result, pets using the IoT feeder remain within the ideal 

weight range, validating its efficacy as a nutritional 

management tool. 

For future improvements, testing under various 

environmental conditions, such as humidity, temperature, and 

dust resistance, is recommended to evaluate and strengthen the 

robustness and accuracy of the system in different 

environments. These tests will contribute to further optimizing 
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the IoT feeder's reliability and performance in real-world 

conditions, ensuring its functionality in a variety of scenarios. 
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