Wild Animal Detection and Protection : Safeguarding Villages from Leopards An IoT-Based System for Real-Time Leopards




	
	
	

	
	
	














Abstract—Human-wildlife conflict, particularly with leopards, is on the rise because of encroachment and absence of real-time monitoring. Conventional measures tend to be slow and ineffectual in avoiding such conflicts. This project, "Wild Animal Detection and Protection: Leopards Safety for Villages," proposes an IoT-based approach for real-time detection of leopards and alerting villagers. The system employs thermal or Arduino cameras and IR motion sensors to track temperature fluctuations and movement. As soon as a leopard is detected, the ESP8266 microcontroller processes the data and executes two instant operations: an SMS notification is sent to villagers using a GSM module, and a pre-recorded crackling noise is emitted via a speaker to frighten the animal away. Hardware consists of IR board components, thermal/Arduino camera, buzzer, board components for GSM module, and ESP8266, while the software comprises custom firmware, SMS gateway integration, and a user interface. In controlled testing, precise detection, rapid alerting, and successful deterrence were observed.This affordable, real-time system improves village security and reduces animal attacks. It completes the gap in existing solutions by merging IoT, alerting systems, and sound deterrents. Machine learning to identify species and wider deployment in wildlife-impacted areas is a potential future upgrade.
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I. [bookmark: I._Introduction]INTRODUCTION
Human-wildlife conflict has emerged as a serious concern in recent years, especially in rural communities near forests where wild animals such as leopards regularly enter human habitations. Such confrontations tend to cause destruction of property, injury, or even death. The conventional methods of monitoring wildlife are incapable of offering real-time information and instant action, which makes them useless in averting such incidents.This paper outlines an IoT solution to identify the occurrence of leopards in proximity to villages and inform the local population to minimize the potential for conflict. The system incorporates thermal or Arduino cameras and IR motion sensors to observe changes in the environment and animal movement. When a leopard is identified, the system uses the ESP8266 microcontroller to process the data, send SMS alerts via a GSM module, and activate a pre- recorded crackling sound to deter the animal .By integrating real-time surveillance, wireless communication, and auditory deterrence, the suggested system provides a low-cost and scalable solution for increasing safety in wildlife-prone areas. The design, implementation, and evaluation of the system are

described in this paper, as well as its efficacy and the scope for further development.
[bookmark: 1.1_Scope_of_work]1.1 Scope of work
1. [bookmark: 1._Design_an_IoT-based_leopard_detection]Design an IoT-based leopard detection system.
2. [bookmark: 2._Employ_thermal/Arduino_camera_and_IR_]Employ thermal/Arduino camera and IR sensors.
3. [bookmark: 3._Remind_villagers_through_real-time_SM]Remind villagers through real-time SMS.
4. [bookmark: 4._Trigger_sound_deterrent_to_drive_off_]Trigger sound deterrent to drive off leopards.
5. [bookmark: 5._Provide_low-cost,_scalable,_and_effic]Provide low-cost, scalable, and efficient rural deployment.
II. [bookmark: II._literature_survey]LITERATURE SURVEY
Human-wildlife conflict, especially in areas surrounding forests, has emerged as a growing issue. Conventional methods of tracking wild animal activity—patrolling, camera traps, and physical barriers—are generally reactive in nature and not preventive. These methods are not responsive in real- time and often do not deter wildlife intrusions, especially in rural settings with limited resources [1].In the last decade, scientists have investigated using thermal cameras and infrared (IR) motion sensors to enhance animal detection systems. Thermal imaging is capable of detecting temperature differences and can recognize warm-bodied animals like leopards during poor visibility, which makes night-time monitoring ideal [2]. The high energy and cost of thermal cameras restrict their use in low-income or off-grid locations, though. Conversely, IR motion sensors are inexpensive and energy-efficient but have a high rate of false positives caused by non-animal movements such as swaying branches or wind [3]. To overcome these limitations, recent research has shifted towards IoT-based wildlife detection systems. IoT platforms enable the combination of various sensor inputs with wireless communication modules like GSM or Wi-Fi. One prominent initiative was the utilization of IoT-based systems to identify elephants and inform farmers through SMS alerts to minimize crop loss in the affected area [4]. Such systems tend to cater to larger creatures and do not include accurate detection for such animals as leopards, which are more agile and stealthy. Apart from detection, sound deterrents have also been suggested as non-lethal technologies to deter animal intrusions. Predator- mimicking noise or crackling sounds have proven to be efficient in frightening away animals when deployed at the appropriate time [5]. Few systems, however, currently incorporate these deterrents with real-time sensing and alerting capabilities. In spite of the promising path that IoT is taking in wildlife conservation, there is a clear research gap. Most existing models do not offer an affordable, real-time, and integrated system that is specifically designed for leopard detection in Indian rural landscapes. Most fail to incorporate the integration of thermal/Arduino cameras, IR sensors, GSM-based notifications, and sound repellents into one solution that can run independently in remote areas with poor connectivity. This project seeks to close that gap by suggesting a smart, sensor-enabled, real-time system for the detection of leopards, sending real-time SMS messages to villagers immediately, and initiating sound-based deterrents. With the use of IoT technologies, this method is ensured to deliver community safety and wildlife conservation at minimal cost and with scalability.
[bookmark: 2.1_Proposed_work]
2.1 Proposed work
The system proposed intends to offer a real-time, low-cost, and scalable approach to identify leopards close to villages and alert the surrounding community to avoid human-wildlife conflict. The main concept is to merge IoT technology with several sensors and wireless communication modules to design an automated animal detection and deterrent system. The system structure consists of a thermal or Arduino-based camera for heat-based detection and an infrared (IR) motion sensor to verify animal movement. These sensors are installed strategically around the periphery of the village to scan for any movement of intrusion. When a leopard-like movement or heat pattern is detected, the sensor data is read and processed via an ESP8266 microcontroller, which does the decision-making and communication.The microcontroller gives a dual warning upon confirmation of a leopard sighting. First, it provides real-time SMS alerts to registered villagers via a GSM module, notifying them of the impending danger in the vicinity. Secondly, it emits a pre-recorded crackling sound via an embedded speaker system, which is meant to intimidate the animal into leaving and not making any further incursion. This system has been developed to function with minimal human intervention and low power usage, which makes it suitable for open countryside and forest margins environments. It also maintains the safety of humans and wildlife by emphasizing early detection and non-lethal deterrence. In general, the work proposed fills gaps in wildlife monitoring systems by providing a stable, real-time solution with inexpensive and readily available components, which can be scaled up or duplicated in other areas of conflict.

III. [bookmark: III._methodology]METHODOLOGY
The suggested IoT-based wild animal detection and protection system has been implemented through a systematic approach incorporating sensor deployment, microcontroller integration, and real-time alert systems. It is designed to identify leopards with thermal or Arduino cameras and IR motion detectors, followed by immediate notification and deterrence.

A. [bookmark: A._System_Architecture]System Architecture
The system architecture revolves around the ESP8266 microcontroller, which is the processing and control unit. The system consists of the following main hardware components:
· Thermal / Arduino Camera: It detects heat signatures to confirm the presence of a warm- blooded animal.
· IR Motion Sensor: It confirms movement to prevent false alarms.
· ESP8266 Microcontroller: It processes sensor input signals and activates the alert mechanisms.
· GSM Module: Transmits SMS warnings to villagers in real time upon detecting the leopard.
· Speaker / Buzzer: Reproduces an auditory pre- recorded crackle sound to repel the beast.

All components are designed with seamless monitoring and quick response while maintaining low power usage and reliability. The system is installed on critical points across the periphery of the village for optimal coverage and accuracy in detection.
[image: ]
Fig.1.System Architecture

B. [bookmark: B._Circuit_Diagram]Circuit Diagram
The circuit is made such that there is no interruption in data flow and interaction between components. The camera and IR sensor are interfaced to the input GPIO pins of the ESP8266. The GSM module is interfaced via UART communication, and the speaker is interfaced to a digital output pin to output the deterrent sound. Power supply is regulated to satisfy the voltage requirement of all the components.

Thermal Sensor:
The thermal sensor picks up on heat radiated by animals and transmits temperature information to the microcontroller using the I²C protocol.
Connections:

· VCC and GND are driven by the ESP8266's GND and 3.3V pins.
· SDA is attached to GPIO4 (D2) and SCL to GPIO5 (D1) of the ESP8266.

IR Motion Sensor :
This sensor measures movement in terms of variation in infrared radiation around it.
Connections:
· VCC and GND are supplied by the ESP8266's
3.3V and GND pins.
· The OUT signal pin is connected to GPIO12 (D6) of the ESP8266.
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[bookmark: Fig.2.Circuit_Diagram]Fig.2.Circuit Diagram

This efficient and modular design enables the system to be able to recognize the presence of leopards, analyze data, and evoke a two-purposed reaction—alertness and deterrence— to guarantee public safety.

IV. [bookmark: IV._result_and_discussion]RESULT AND DISCUSSION
The IoT-based Wild Animal Detection and Protection System was successfully developed and tested in a simulated environment to assess its functionality and reliability in detecting leopard-like intrusions and providing real-time alerts. The system included a thermal or Arduino-based camera, an IR motion sensor, an ESP8266 microcontroller, a GSM module, and a sound deterrent mechanism using a speaker and pre-recorded crackling sounds.
Through testing, the system performed accurately in sensing simulated leopard motions. The thermal sensor was set to detect body heat in the 35°C to 39°C range, which is close to that of large wild animals. The IR motion sensor, which has a range of 3–5 meters, was effective in detecting movement while reducing false alarms through verifying motion prior to triggering the alert sequence.In more than 20 trial runs, the system correctly identified animal-like movement and temperature tendencies in 92% of instances. False positives occurred in a very small percentage (nearly 8%), primarily due to big domestic animals or sudden changes in the environment. In cases of detection, the GSM module was able to send SMS notifications to registered mobile numbers in an average time of 3 to 5 seconds. Furthermore, the crackling sound played via speaker was found effective in scaring animals during various field simulations, showing the potential of the deterrent component.The combined system had low latency, low power consumption, and high reliability, hence appropriate for roll-out in forest-bordering and rural areas. Utilization of commonly available parts such as ESP8266 and GSM modules allowed for cost-efficiency and reproducibility.While the prototype operated optimally in experimental conditions, a few weaknesses were observed. Detection range was short, constraining its usage over small surveillance zones unless applied as a network of devices. Moreover, external temperatures and environmental weather conditions such as fog minimally impacted the precision of thermal sensors. Although, the system recorded encouraging findings in offering real-time detection, alarm, and deterrence to positively contribute towards abating human-leopard conflict.The project is a resounding success in proving that

combining IoT with thermal and motion sensing technology can result in efficient, affordable wildlife monitoring systems that balance both animal conservation and community safety.

V. [bookmark: V._future_scope]FUTURE SCOPE
Although the prototype has demonstrated encouraging outcomes, there are numerous avenues where the system can be enhanced and expanded in the future:
· Improved Detection Range: A network of connected sensor nodes based on LoRa or Zigbee protocols can be used to observe greater areas.
· Machine Learning Integration: Incorporating image recognition models can enhance species identification with fewer false positives.
· Solar Power Supply: Incorporating solar panels would provide round-the-clock functionality in off- grid locations.
· Mobile App Integration: A specialty app can also offer real-time notifications, GPS tracking, and control options to authorized users.
· Cloud Connectivity: Cloud-based platforms can enable storing historical records, advanced analysis, and remote system updates.
These features will make the system stronger, more scalable, and smarter, with a positive effect on safer human-wildlife coexistence.

[bookmark: conclusion]CONCLUSION
The IoT-based Wild Animal Detection and Protection System put forward here truly meets the exigent requirement of human-wildlife conflict, especially in rural leopard-prone areas. Using thermal or Arduino-based cameras, IR motion sensors, and wireless communication modules such as ESP8266 and GSM, the system offers a dependable and cost- effective means for real-time leopard detection and community notification. Test results indicate the system's capability of detecting warm-blooded animal presence at high accuracy and respond in a timely manner by issuing SMS notifications and triggering sound deterrents. The system's modularity ensures low power usage and ease of deployment, making it extremely capable for low-resource regions.The project not only ensures safety for the villagers but also propagates non-lethal methods of wildlife deterrence that advance the conservation cause. Successful testing and

implementation prove the system's utility as an excellent tool for wildlife monitoring and farm safety.
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