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ABSTRACT: The zoo is a local facility where some wild or exotic animals are placed in a fence. The main significance of 

the zoo is to provide educational and animal conservation functions, and secondly to provide public viewing and 

entertainment. Animal care and management in the zoo is almost open all year round. Its basic tasks include 

accommodation, breeding, health care, and medical care etc. Because there are nearly hundreds, thousands, or even ten 

thousands animals with different body shape and characteristics in the zoo that need to be cared for and managed, animal 

administrators must be skilled in various tools and real time control the condition of all animals, resulting in the heavy 

workload of the animal administrators and the huge operating expenses of the zoo. Therefore, it is necessary to find ways to 

reduce the workload of the animal administrators, but also to immediately control the current state of the animals, while 

saving animal care and management expenses. This study proposes a development architecture for the intelligent animal 

management system based on the Internet of Things (IoT) and artificial intelligence (AI). Its main purpose is to automate 

some tedious procedures for caring animals through the IoT and AI to help animal administrators to take care of them and 

manage them more systematically. 
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I. INTRODUCTION 

 

There are zoos in many big cities in the world. The zoo is a place where some wild or exotic animals are placed in fences. 

The main purpose of the establishment is to provide educational purposes and animal conservation, and secondly to provide 

public viewing and entertainment. According to the Association of Zoos and Aquariums, there are more than 181 million 

visitors a year in the United States of America (USA), more than the annual attendance of NFL, NBA, NHL and MLB. In 

addition, according to the survey results, 93% agreed that their families like to see animals in zoos and aquariums; 94% 

believe that zoos and aquariums teach children how to protect animals and the habitats they depend on; 79% companies that 

support zoo and aquarium wildlife conservation feel better; 66% of respondents are more likely to buy products and services 

from these companies [1]. However, before getting the benefits of these zoos, we should consider the animal care and 

management behind them. Different zoos, depending on the size of their place, may have nearly hundreds, thousands, or 

even ten thousands animals with different body shape and characteristics need to be cared for and managed,animal 

administrators must be proficient in tools and real time control the condition of all animals creates a heavy workload for 

animal administrators and a huge operating expense for the zoo. In view of this, the integration of modern information and 

communication technology will help solve this problem. Currently on the market, information technology products have 

been available based on IoT technology for the care of animal cats and dogs that are closest to humans. 

 

Lucky Tag smart collar was proposed by Taiwanese Airyzonen, which has the function of tracking pet activities and health 

monitoring, and also has the function of missing and searching. By observing the long-term trend of pets, Lucky Tag allows 

owners to detect changes in activity early and seek professional medical assistance. Recently, the Yamato Zoo in Sapporo, 

Japan, in cooperation with Hokkaido University, began to use artificial intelligence (AI) systems to analyze animal 

behavior patterns through image recognition, improve animal support environment and effectively monitor animal health. A 

team of researchers from Harvard University, Auburn University, the University of Wyoming, the University of Oxford, and 
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the University of Minnesota proved that the AI technology can be used to identify animal images captured by motion-

sensing cameras. They have used Snapshot Serengeti datasets that have deep learning to identify 3.2 million wildlife 

photos, recognizing that the identification accuracy of 48 species has reached 99.3%, and has saved more than 8.4 years in 

calculating time compared to crowdsourced teams of human volunteers. 

 

Although AI technology helps us to identify and analyze animal behavior patterns and species, there are still many pre-

workers to carry out in intelligent animal care and management. With the IoT technology and a large number of animal 

behavior patterns collected to build a sound sensing environment and database, it is expected to achieve intelligent animal 

care and management. Therefore, this study is the first to propose a development architecture for the intelligent animal 

management system based on the IoT and AI. Its main purpose is to automate some tedious procedures for caring animals 

through the IoT and AI to help animal administrators become more systematically care and management of animals. The 

proposed architecture is expected to achieve the following goals:Automate feeding and environmental control to provide a 

better living environment and quality for zoo animals. 

 

 
 

Fig. 1. The development architecture for the intelligent animal care and management system based on the Internet of Things 

and artificial intelligence 

 

Allow animal administrators to take care of animals more efficiently and reduce the workload. 

Improve the management model of zoos with IoT and AI deep learning technology, which will reduce the cost of zoo 

spending. 

Use network technology to achieve remote animal status monitoring and management to ensure animal safety and health. 

 

1.1 PROJECT OVERVIEW  

In recent years, the integration of Internet of Things (IoT) technologies into everyday applications has transformed various 

industries, including healthcare agriculture, and smart living. Animal care management, which is vital for the health and 

productivity of animals, remains a critical area for innovation. Traditional methods of monitoring animal health and 
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behavior often rely on manual observation which can be labor-intensive, error-prone, and unable to provide continuous 

insights. This project introduces an IoT-based intelligent architecture designed to revolutionize animal care management by 

leveraging real time data collection and  

analysis. The proposed system incorporates sensors to monitor vital signs such as heart rate, temperature, activity levels, 

and environmental conditions like humidity and air quality. By utilizing advanced data analytics and machine learning 

models  

the system can detect anomalies, predict potential health risks, and recommend timely interventions. The intelligent animal 

care management system aims to enhance the well-being of animals while optimizing the efforts of caretakers. This 

approach is applicable to a wide range of settings, including livestock farming, pet care, and wildlife conservation. By 

addressing key challenges such as real-time monitoring scalability, and automation, this architecture sets a foundation for a 

more efficient and proactive animal care ecosystem. 2  

 

1.2 OBJECTIVES  

• The system is to design and implement a system that enhances animal welfare through continuous, remote monitoring and 
automated care management.  

• The system enables remote monitoring and IoT-based updates, providing caregivers with up-to-date information and alerts 

on the animal's health status feeding schedules, and activity patterns.  

• This smart architecture aims to improve animal care efficiency, prevent health issues through proactive monitoring, and 
reduce caregiver workload.  

 

1.3 ADVANTAGES  

• Continuous tracking of animal health and behavior through IoT-enabled sensors ensures timely detection of anomalies and 

better care.  

• Reduces reliance on manual monitoring by automating routine tasks, allowing caretakers to focus on more critical aspects 
of animal management.  

• By providing timely insights and alerts, the system promotes proactive care leading to healthier animals and improved 
living conditions.  

• Sensors track environmental parameters such as temperature, humidity, and air quality, ensuring the animals' habitat is 
safe and suitable.  

• IoT connectivity enables caretakers to monitor animals remotely, offering flexibility and convenience in animal 
management. 

 

DEVELOPMENT OF INTELLIGENT ANIMAL CARE AND MANAGEMENT ARCHITECTURE 

In order to enable the animal administrators of the zoo to take care of each animal in an efficient manner, the architecture 

developed by this study is mainly to provide “intelligent management” operation and corresponding measures for the 

control of the zoo, with particular emphasis on animal administrators learn about animal information. Therefore, IoT 

technology, AI deep learning technology, cloud database and cloud computing will be used to help animal administrators to 

clearly understand the individual species, diet, physiological status, mood, feed trough storage, water volume and other 

information. The labor cost of the zoo is reduced, the efficiency of the animal administrator is improved, and the quality of 

life of the animals in the zoo is improved and guaranteed. In order to reduce costs and facilitate implementation, the 

proposed intelligent animal care and management system architecture will be implemented with Arduino and Raspberry Pi. 

The overall architecture is shown in Fig. 1. The basic system functions are as follows: 

A. Animal biomedical signal sensing and collection 

First of all, we must first use a variety of biomedical sensors to achieve data sensing related to animal biomedical signals, 

including body temperature sensing, activity sensing, heartbeat sensing, etc. These data will be collected to the cloud 

database and computing platform for the biomedical data of individualized animals were accumulated and used as follow- 

up AI analysis 

 

B. Automatic feeding 

With automatic control and automatic food delivery, the animal administrators set the daily fixed feeding time, and when 

the specified time is reached, the food is automatically sent to the animal's fence. 
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C. Automatically clean food residue 

In order to avoid the environmental sanitation caused by the uneaten food or residue breeding of the animal, the food or 

residue that has not been eaten by the animal must be effectively identified, so that the remaining food can be cleaned by the 

automatic control and sent to residue area treatment. 

 

D. Real time monitor animal images and tracking their positions 

Using a networked camera and positioning system, as long as the animal administrators use a networked communication 

device, the network can be connected to the camera to real time observe the image and tracking position of the animal. 

 

E. AI deep learning for animal behavior and status to promote health care and analysis 

The daily biomedical sensing data and real time images of the animals are sent to the cloud database of AI anytime and 

anywhere to form a base line of animal health and behavior, and the animal activity status and biomedical sensing data are 

analyzed immediately through AI. In the event of an abnormality in the animal, the animal administrators are notified and 

alerted 

 

II. METHODS FOR IMPLEMENTATION OF THIS ARCHITECTURE 

 

This architecture can be implemented using the following related technologies: 

 

A. Beacon 

Beacon [10-12] is a technology that uses low energy Bluetooth 4.0, which is a small and inexpensive physical device. We 

can arrange it in various fields in the zoo to send information to mobile devices or equipment within a certain distance to 

achieve message transmission to neighboring animals. Use beacon to read the information from the equipment on the 

animal to achieve the management of animal activity status and health monitoring, and also to achieve micro-positioning, to 

avoid animal loss and to quickly find animals. In addition, animal administrators can easily manage with mobile devices. 

When the animal administrator walks around the animal, the animal's various materials can be jumped out of the animal 

administrator's mobile device or equipment, and the data can be real time returned, allowing the administrator to instantly 

understand the current animal status and enable the animal to be effectively managed. In addition, visitors can also get 

introductory information about neighboring animals through their own mobile devices or equipment. 

 

B. Local area network implementation 

We can arrange the network in a specific area of the zoo to provide an internet connection of the animal sensing device, and 

transmit the sensed animal physiological signal and position to the cloud database for storage to achieve big data and AI 

analysis. Considering the convenience of wireless networks, Wi-Fi is a wireless local area network that allows Wi-Fi 

enabled devices to connect network from a range of wireless networks to one or more interconnected access points. The 

local area network is used to transmit the physiological signals and positions measured by the equipment on the animal to 

achieve the subsequent analysis of the animal activity status and health monitoring management, and also to analyze the 

animal activity range and understand the animal 
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Fig. 2. Neural network architecture. 

 

life habits. In addition, the local area network can be used as a transmission medium for back-end data and front-end 

application platforms, allowing animal managers to easily control all animal conditions in the zoo using mobile devices or 

equipment. 

 

C. Arduino and Raspberry Pi 

Arduino is a low-cost, simple device actuator for building digital devices and interactive objects that interact with the 

environment to sense and control objects in the physical and digital world [14]. Raspberry Pi is a low-cost, easy-to-obtain, 

easy to carry, simple to install, stable operation, and can be connected to other peripheral devices. It is a Linux-based 

single-chip computer that can access the internet and perform some complicated arithmetic processing and analysis. In 

2018, NASA launched the open source Open Source Rover project (a reduced version of the Mars Rover Curiosity), using 

the Raspberry Pi as a control module [15]. The architecture proposed by this research is to use Arduino as the transmission, 

access control and cloud service related large-scale distributed cloud connection heterogeneous network deployment of 

sensing data serial port, and use Raspberry Pi as a microcomputer for real-time monitoring and operation analysis to achieve 

the animal's intelligent management function. 

 

D. Artificial Intelligence (AI) 

After receiving the sensory data of animals and the environment, the architecture proposed by this study hopes to help us 

analyze the behavior and state of animals through AI, so we use deep learning to build the weak artificial intelligence for a 

special animal allows us to understand the state of animals clearly. The architecture considerations proposed in this study 

use the deep learning architecture to identify the animal's image motion and the animal's voice emotions to understand the 

current state of the animal. The basic structure of the neural network. Each layer has a lot of neurons. The output of the 

upper layer is the input of the next layer. The number of hidden layers is the depth of the neural network. Get a set of final 

output. 

 

E. Cloud database and cloud computing 

In order to allow animal administrators to conveniently use different platforms or devices to store and use data, and also 

allow AI to use integrated data for massive data analysis and deep learning, the architecture developed in this study mainly 

considers the use of cloud data and cloud computing construction intelligent animal care and management system. The 

benefits of using the cloud platform are:  

1) The zoo can flexibly customize the app and adjust the service to suit their needs, and access the cloud service from 

anywhere through the internet connection.  

2) Zoos can speed up application development without worrying about infrastructure costs or maintenance.  

3) Developers of the intelligent animal care and management system can focus on application development and regularly 

update analytical methods to provide the most accurate animal care and management functions for the zoo. 

 

III. MODULE DESCRIPTION 

 

SENSOR MODULE  

Sensor modules are self-contained units that detect and measure physical or environmental parameters, such as temperature, 

humidity, light, motion, or pressure. They typically consist of a sensor element, signal conditioning circuitry, and 

sometimes a microcontroller or processing element. Sensor modules can be analog ordigital, and some include 

communication interfaces like I2C, SPI, or UART. Sensor modules are used in various IoT applications, including home 

automation industrial automation, environmental monitoring, wearables, and smart cities.  

They provide real-time data, enabling devices and systems to respond to changes in their environment. With their compact 

size, low power consumption, and ease of use sensor modules are a fundamental building block of many IoT projects. The 

data collected by sensor modules can be used to trigger actions, send notifications or provide insights into the environment 

or system being monitored. By providing realtime data, sensor modules enable devices and systems to respond to changes 

in their environment, making them a crucial component of many IoT applications.  
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DATA ACQUISITION AND TRANSMISSION MODULE  

The Data Acquisition Module is responsible for collecting data from various sensors and sources in an IoT system. This 

module typically consists of Analog-to-Digital Converters (ADCs), signal conditioning circuits, and microcontrollers. The 

module converts analog sensor data into digital format, processes the data, and prepares it for transmission. The Data 

Acquisition Module plays a crucial role in ensuring the 32 accuracy and reliability of the data collected.  

The Transmission Module is responsible for sending the collected data to the cloud server, or other devices in the IoT 

system. This module typically uses wireless communication protocols such as Wi-Fi, Bluetooth, Zigbee, or cellular 

networks. The Transmission Module ensures reliable and secure data transfer, often using encryption and authentication 

mechanisms. The transmitted data can then be processed, analyzed and visualized to gain insights and make informed 

decisions.  

 

 

DATA PROCESSING AND ANALYTICS MODULE  

The Data Processing and Analytics Module is a critical component of IoT systems responsible for extracting insights and 

meaningful information from the vast amounts of data generated by sensors and devices. This module uses various data 

processing and analytics techniques, such as data filtering, aggregation, and machine learning algorithms, to transform raw 

data into actionable insights. The Data Processing and Analytics Module performs several key functions, including data 

cleaning, data transformation, and data analysis. It also applies machine learning and deep learning algorithms to identify 

patterns, trends, and anomalies in the data. Additionally, this module provides data visualization capabilities, enabling users 

to easily interpret and understand the insights generated from the data. The insights generated by the Data Processing and 

Analytics Module can be used to optimize business processes, improve decision-making, and enhance the overall efficiency 

of IoT systems. 

 

 For example, in industrial automation, analytics can be used to predict equipment failures, optimize maintenance 

schedules, and improve 33 product quality. In smart cities, analytics can be used to optimize traffic flow reduce energy 

consumption, and improve public safety.  

 

CLOUD STORAGE AND MANAGEMENT MODULE  

The Cloud Storage and Management Module is a critical component of IoT systems responsible for storing, managing, and 

analyzing the vast amounts of data generated by sensors and devices. This module provides a scalable, secure, and reliable 

cloudbased infrastructure for data storage and management. It enables IoT devices to upload data to the cloud, where it can 

be processed, analyzed, and stored for future use.  

 

The Cloud Storage and Management Module offers several key benefits, including scalability, flexibility, and cost-

effectiveness. It enables IoT systems to handle large volumes of data, and provides a flexible and adaptable infrastructure 

that can be easily scaled up or down as needed. Additionally, this module provides advanced data management and 

analytics capabilities, enabling users to gain insights and make informed decisions based on their IoT data. The Cloud 

Storage and Management Module also provides robust security and data governance capabilities, ensuring that IoT data is 

protected from unauthorized access theft, or damage. It enables users to control access to their data, manage data retention 

and disposal, and ensure compliance with relevant regulatory requirements.  

 

By providing a secure, scalable, and reliable cloud-based infrastructure for IoT data storage and management, this module 

enables IoT systems to unlock the full value of their data. 34  

 

USER INTERFACE MODULE  

The User Interface Module is a critical component of IoT systems, enabling users to interact with and control their IoT 

devices and applications. This module provides a user-friendly interface that allows users to monitor, manage, and control 

their IoT devices, receive notifications and alerts, and view data and analytics. The User Interface Module can be accessed 

through various devices, including smartphones tablets, laptops, and smartwatches. The User Interface Module offers 

several key benefits, including ease of use flexibility, and customization.  
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It enables users to easily monitor and control their IoT devices, receive real-time notifications and alerts, and view data and 

analytics in a clear and intuitive format. Additionally, this module provides a flexible and customizable interface that can be 

tailored to meet the specific needs and preferences of different users. The User Interface Module can be implemented using 

various technologies including web-based interfaces, mobile apps, voice assistants, and augmented reality (AR) and virtual 

reality (VR) interfaces. It can also be integrated with other IoT modules, such as data analytics and machine learning, to 

provide advanced features and capabilities. By providing a user-friendly and intuitive interface, the User Interface 

Moduleenables users to unlock the full potential of their IoT devices and applications.  

     

NOTIFICATION AND ALERT MODULE  

The Notification and Alert Module is a critical component of IoT systems, enabling users to receive timely and relevant 

notifications and alerts about their IoT devices 35 and applications. This module allows users to set up customized 

notification rules and alerts based on specific events, thresholds, or conditions, such as temperature fluctuations, motion 

detection, or equipment malfunctions.  

The module can send notifications through various channels, including SMS, email, push notifications and voice assistants. 

The Notification and Alert Module offers several key benefits, including enhanced situational awareness, improved 

response times, and increased productivity. By receiving timely and relevant notifications, users can quickly respond to 

critical events, prevent equipment failures, and optimize their IoT systems. Additionally this module can help reduce false 

alarms and minimize unnecessary notifications ensuring that users receive only relevant and actionable information. 

 

IV. CONCLUSION 

 

Based on the care and management of animals in zoos, this study proposes a development architecture for the intelligent 

animal management system based on IoT and AI. The implementation of this architecture will be integrated into beacon, 

Wi-Fi, local area network Arduino, Raspberry Pi, AI, and various communication technologies such as cloud database and 

cloud computing. Through the use of these technologies, some cumbersome procedures for caring animals are automated 

through the IoT and AI to help animal administrators to systematically care for and manage animals, such as sensing the 

body temperature, mood, activity, and activity status of animals, surrounding environment and position. The structure 

proposed by this study is currently only a preliminary concept, and there are still many points that need further consideration 

and revision to meet the needs of the zoo. 
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