


ARTIFICIAL INTELLIGENCE-BASED GEO-FENCING SYSTEMS TO AVOID ANIMAL INVASION IN THE AGRICULTURAL FIELDS


Abstract
Agricultural fields in the world are facing a problem with the invasion of wild animals. These animals are causing crop loss, which leads to an increase in the economic burden on farmers. India is the land of agriculture with a variety of crop diversity in its regions. The need for fencing systems in Indian agriculture is much needed due to the increase in population. This review paper synthesises various fencing systems currently used in agriculture to prevent wild animal invasion, evaluating traditional methods—such as physical barriers, sound/visual deterrents, and chemicals—alongside emerging technologies like drone surveillance and IoT-enabled systems, while highlighting their future scope for sustainable agriculture. The present review was conducted using secondary sources derived from existing academic literature, including peer-reviewed journal articles, books, and conference proceedings. Effective, durable, and non-lethal fence methods are desperately needed to safeguard agricultural livelihoods, guarantee food security, and promote coexistence as habitat loss increases human-wildlife conflict. Conventional barbed wire frequently breaks or injures people, and hand guarding is a labour-intensive traditional method. There is a need to overcome traditional methods to further develop a strong fencing system for agricultural fields. Hence, this review explains the various traditional fencing methods and the future enhancement of fencing through artificial intelligence. Therefore, smart fencing solutions incorporating machine learning, computer vision, artificial neural networks (ANN), IoT sensors, and automated surveillance systems are recommended to improve real-time monitoring, enhance decision-making, reduce human labour, and minimise crop losses. The implementation of these advanced technologies can ensure sustainable agriculture, improved farm security, and increased agricultural productivity. 
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1. Introduction
India is a land of agriculture with various crop diversities. Agriculture is the sector that contributes the most to India's GDP, accounting for 18% of the country's total and employing around 57% of the population in rural regions [21]. Indian farmers are very familiar with the traditional practices of agriculture. As the world's population is growing at a very rapid pace, and as the population grows, increases the demand for food [1]. The farmers' traditional practices are unable to meet the growing demand. Automation in agriculture is the primary issue and a developing topic in every nation [2]. Agricultural automation is now the only viable solution and is urgently needed in the majority of nations where expanding crops is just not feasible [18]. Artificial intelligence (AI) and the Internet of Things have already begun to benefit every industry, including agriculture. AI improves automation through the analysis of extensive datasets, pattern recognition, and real-time decision-making [22]. By enabling smart systems that can monitor, operate, and display different farm processes in real-time and with intelligence equivalent to that of human specialists, advancements in these digital technologies have revolutionised agriculture [3].
The "Internet of Things" and "Artificial Intelligence" have been highlighted as crucial technologies for transforming contemporary agricultural practices by recent advances in Information and Communication Technology and related research [4, 19, 20]. Farming techniques can be organised methodically with less manual effort by utilising digital technologies such as artificial intelligence and the Internet of Things, which can efficiently develop superior insights from field data [5]. The agricultural industry has advanced to understand the value of precision farming over the years.  Precision farming is a control strategy that gathers, strategises, and analyses temporal, spatial, and individual facets and combines them with other information to support management decisions in line with envisioned variability for stepped-forward improved resource use performance, productivity, exceptional quality, profitability, and sustainability of agricultural production [23]. By supplying an exact quantity of inputs and minimising the overuse of potentially harmful pesticides and other inputs, precision farming is a sustainable alternative that will increase production.
Agricultural activities that used to take days of human sweat and draft animal work were reduced to a few hours by mechanisation. In developing nations like India, this might be seen as the initial stage of automation that revolutionised agricultural chores [6]. The development of smart agricultural equipment, irrigation systems, weed and pest control, fertiliser application, greenhouse cultivation, storage structures, drones for plant protection, crop health monitoring, etc., is simply a few of the possible uses of IoT and AI [7]. Adoption of technology is urgently needed because the existing conventional agricultural methods are insufficient to meet the demand for food. Automation in agriculture could be revolutionised by the Internet of Things, which is currently making significant progress in this area [8, 24]. It is described as a network of physical items, or "things," with network connectivity that allows them to interact with their surroundings and gather and exchange data. 
In parallel with these applications, Artificial Intelligence plays a crucial role in choosing further actions in agriculture in terms of weed management, disease identification, animal invasions to the fields, etc. The animal invasion to the agricultural fields also causes a massive loss in crops. Hence, it is necessary to identify the proper technology to avoid wild animals in agricultural lands. The current review paper discusses various fencing systems currently used in agriculture to prevent the invasion of wild animals and highlights the future scope of advanced technologies for sustainable agriculture.
2. Animal identification and monitoring methods
In the agricultural field, invasive animals were monitored using traditional methods like physical barriers, sound-based deterrents, visual deterrents, and a remote monitoring system (non-AI), as well as some of the recent advanced technologies like chemicals and Drone Surveillance and Deterrents. In order to increase productivity, animal welfare, and farm management, animal identification and monitoring in agricultural fields have undergone substantial change by fusing conventional methods with cutting-edge technologies. Due to their affordability and ease of use, traditional techniques like ear tagging, branding, and collars are still frequently employed; however, they frequently involve human labour and are prone to mistakes [9]. Electronic identification technologies, such as Radio Frequency Identification (RFID), have been developed to get around these restrictions. These systems allow for the automatic and precise tracking of individual animals using implanted tags and readers. In a similar vein, real-time location monitoring made possible by Global Positioning System (GPS) technology is particularly helpful for grazing animals in expansive or open fields, assisting farmers in preventing loss and maximising pasture utilisation.
2.1. Physical barriers
In agriculture, physical barriers are an essential first line of defence against animal encroachment. They are intended to physically stop, deter, or block wildlife (such as deer, wild boars, elephants, and monkeys) from causing damage to crops [10]. The best strategy typically incorporates many barrier types that are appropriate for the targeted species and the particular terrain. The various methods of physical barriers are mentioned in Table 1.
Table 1: Physical barriers used in agricultural fields
	Sl. No.
	Type
	Description

	1.
	Electric fencing
	An efficient and widely used technique for keeping animals out of agricultural areas is electric fencing, which shields crops from harm from cattle and wildlife. In contrast to traditional barriers, electric fencing produces a brief, high-voltage, low-current pulse that deters people psychologically rather than physically. An animal is briefly shocked when it touches the barrier, which causes it to steer clear of the area going forward. In order to maintain a controlled electrical circuit, this system usually includes conductive wires, insulators, grounding rods, and a power source (battery or solar energiser). These provide a safe, harmless shock that instructs animals to avoid the area, making it extremely successful against large species like elephants and wild boars. For isolated fields, solar-powered solutions are common.

	2.
	Wire mesh or chain link fencing
	A popular physical barrier that keeps animals out of agricultural fields is wire mesh or chain link fencing, which provides a dependable and long-lasting way to preserve crops. This kind of fencing, which is made of galvanised steel wires woven into a mesh pattern, produces a sturdy barrier that keeps out animals including deer, goats, cattle, and wild boars. It can be used in rural or low-resource places because it doesn't require electricity like electric fencing does. The size of the mesh can be chosen according to the kind of animals that need to be managed, with larger openings for larger livestock and smaller ones for smaller animals like rabbits. They are more expensive to install but are ideal for high-value crops.

	3.
	Barbed wire fencing
	In agricultural regions, barbed wire fencing is a popular and easy way to prevent animal invasion, especially when it comes to managing larger animals like goats, cattle, and buffalo. It is a physical and psychological barrier made of high-tensile steel wires with sharp barbs set at regular intervals. The discomfort the barbs inflict when animals try to cross the fence deters them from trying again, protecting crops from harm. This kind of fencing is common in rural and large-scale farming areas since it is inexpensive and simple to build. Barbed wire is frequently used to keep medium-sized and larger animals out. Several rows, such as three or four rows, work well against deer and wild boars.

	4.
	Nylon net fencing
	These are plastic wires, a well-liked, cost-effective way that is frequently used against wild boars, particularly in India. To stop digging, two feet of high-density polyethene (HDP) netting, typically five feet wide, is placed out along the ground.

	5.
	Trench barriers
	Trench barriers are a tried-and-true technique for keeping animals out of agricultural fields, especially in areas where large animals like elephants, deer, and wild boars are present. This technique entails excavating a broad, deep trench along the field's edge to create a physical barrier that is challenging for animals to pass. The size and behaviour of the target animals are taken into consideration when designing the trench's proportions, which usually range from 1 to 2 meters in depth and width. To discourage larger or more nimble species, deeper and broader ditches are needed.

	6.
	Bio-fencing
	An eco-friendly barrier can be created by bordering the perimeter with natural, dense, and prickly plants like euphorbia, jatropha, or cactus, etc. Using live plants to create a natural barrier, bio-fencing is a sustainable and environmentally friendly way to keep animals out of agricultural fields. To discourage animals, farmers surround the field boundary with dense rows of prickly bushes, trees, or shrubs rather than manmade things. These plants eventually develop into a dense, unbreakable hedge that serves as a long-term defence against grazing cattle and wild animals, including goats, deer, and wild boars.

	7.
	Beehive fencing
	A unique defence against elephants. Honeybee sounds are an efficient, long-lasting, and profitable deterrent because elephants avoid them. Beehive fencing is a creative and sustainable way to keep animals out of agricultural areas, particularly elephants. This strategy takes advantage of the innate dread that many large animals have of bees. Beehives are placed strategically along a field's edge and connected by wires; if an animal tries to cross, the wire is disturbed, which causes the hives to tremble and bees to swarm, discouraging the animal without causing long-term damage. This approach has been especially successful in areas of conflict between humans and wildlife, where crops are regularly harmed by elephants. 


The physical barrier can be enhanced effectively through underground barriers, height extensions and combined methods with the existing barrier types. These barriers have to be observed regularly to maintain long-lasting utility.
2.2. Sound-based Deterrents
An efficient, non-lethal, and environmentally benign way to prevent wildlife damage to agricultural fields is through the use of sound-based deterrents. To disturb, stress, or scare animals away from crops, these devices use acoustic signals, which can range from loud, perceptible noises to high-frequency ultrasonic waves [11]. In order to minimise noise pollution and the possibility of animals growing acclimated to the sound, modern systems frequently incorporate motion sensors to only function when animals are present. The various sound-based deterrents were mentioned in Table 2.
Table 2: Sound-based Deterrents used in agricultural fields
	Sl. No.
	Type
	Description

	1.
	Ultrasonic repellers
	These gadgets produce high-frequency sound waves (usually between 20 and 50 kHz) that are unheard by humans but uncomfortable for animals, including deer, wild boars, and rats. The target species' hearing sensitivity, sound strength, and frequency range determine effective ultrasonic repellers. Many sophisticated gadgets have motion sensors that only turn on the music when they sense movement, saving energy and lowering the possibility that animals would grow accustomed to continuous noise.

	2.
	Sonic scarers
	These create loud, distracting sounds like simulated gunfire, alarm/distress calls from birds, or pre-recorded predator sounds (wolves, lions). Sonic scarers, in contrast to ultrasonic devices, work within human hearing range and frighten away creatures including birds, deer, wild boars, and monkeys with noises like predator cries, distress signals, or abrupt loud bangs. Because these devices may cover comparatively vast areas depending on sound intensity and placement, they are especially helpful in safeguarding crops during crucial growth stages.

	3.
	Propane cannons
	In agriculture, propane cannons are frequently employed as an efficient auditory deterrent to stop animals from invading farms. These gadgets create loud, explosive noises that resemble gunshots by igniting tiny volumes of propane gas at predetermined intervals. Animals including birds, wild boars, deer, and monkeys are startled and scared by the unexpected commotion, which deters them from coming or staying in the region. During crucial growth or harvesting times, when animal damage might be most severe, propane cannons are especially helpful for safeguarding crops. Larger animals and birds are discouraged by these mechanical devices that make a loud, booming sound.

	4.
	Motion-activated systems
	These are more effective than constant noise since they use PIR (Passive Infrared) sensors to recognize mobility and only sound when an animal enters the field. Motion-activated devices, which only react when movement is detected, are a clever and effective way to keep animals out of agricultural areas. They frighten animals away by activating deterrents like lights, alarms, water sprinklers, or sound systems. Compared to deterrents that run continually, this controlled activation helps save energy and lessens the possibility of animals becoming accustomed.

	5.
	Bioacoustic devices
	In order to interfere with the feeding or resting habits of specific species, these play recorded calls. By taking advantage of natural communication signals, bioacoustic devices offer a sophisticated, non-lethal way to prevent animals from accessing agricultural areas. In order to induce fear or avoidance behaviour in target species, these systems broadcast recorded animal sounds, such as predator calls, distress signals, or alarm vocalisations. Bioacoustic devices are more species-specific and frequently more successful than basic noise-based deterrents since they are made utilising animal behaviour principles.


To avoid the external power infrastructure, the solar-powered and battery-operated gadgets ensure uninterrupted operation in isolated fields. AI and cameras are used by sophisticated systems to instantly detect particular animals and activate sounds that are peculiar to that species. Systems are made to produce noises in a variety of patterns and at random intervals to keep animals from growing accustomed to the noise. To endure external circumstances, these devices are frequently built with weather-resistant housings.
2.3. Visual deterrents
In agricultural scenarios, visual deterrents are efficient, non-lethal methods that control animals by taking advantage of their discomfort, curiosity, or terror. Reflective objects, lights, predator decoys, and automated equipment that imitate human presence or produce abrupt, erratic movements are examples of common visual solutions. Reflecting Tapes and CDs hanging over rows or around the perimeter can sway and produce abrupt, sharp flashes of light that confuse tiny creatures and birds [12]. Animals like wild boar can be discouraged by making noise and imitating human movement using brightly colored clothing or flags, tying sarees, pennants, or colored plastic bags. Animals are scared of the area because of the flickering effect created by wind-driven spinners and wind chimes.
Conventional human-like figures are only useful temporarily. If their body and face shapes are extremely realistic, their effectiveness rises. To mimic a threat, you can hang plastic snakes, owl decoys, or hawk kites on poles. These need to be changed every two to three days to keep them effective and avoid habituation. Although they need an experienced operator, radio-controlled drones painted as predators can be very successful at frightening away birds [13]. Bright, periodically flashing lights that are very effective against nocturnal predators like wild boars are provided by solar-powered LED lights, such as Kidan lights, which are solar-powered and automatically switch on at night. High-intensity flashing lights known as strobe lights have the ability to confuse and frighten away a variety of species, including larger mammals and birds. The Scary Man and other automated inflatable scarecrows add a realistic movement element by inflating and deflating on a regular basis [14]. In order to keep animals from becoming accustomed to the stimulation, motion-activated visual sensors can only activate strobe lights or other visual features when an animal is close.
2.4. Remote monitoring system (non-AI)
The remote monitoring of animal invasion in agricultural fields using the CC TV cameras, which capture every moment that happens in the field and its premises and are stored in a data backup for a shorter period of time [12]. The PIR sensor recognises the movements of the animals, confirms the items in the pictures or video, and delivers a real-time alert to the appropriate linked devices.
2.5. Chemicals 
The purpose of chemical and biological approaches to controlling animal incursions in agricultural areas is to safeguard crops while reducing their negative effects on the ecosystem. These techniques target a wide range of pests, such as insects, birds, wild boars, and rodents. To create an unpleasant, non-toxic barrier that keeps animals like deer, rabbits, and wild boar away, animal repellents are sprayed on crops or around the perimeter. Common substances that work well against squirrels, monkeys, and elephants include capsaicin, which comes from chilli peppers. Additional repellents include essential oils like rosemary or peppermint, egg-based mixes for deer, and castor oil for rats that burrow. Certain formulations, such as methyl anthranilate, butanethiol, and anthraquinone, are used to keep wildlife away from crops. Chemical baits designed to particularly target rats in order to lower their population in and around fields are known as rodenticides. Fatty acids or essential oils, which are typically safer substitutes for synthetic pesticides, are used in insecticidal soaps and oils to treat soft-bodied insects.
2.6. Drone Surveillance and Deterrents
Drone monitoring for animal invasion in agricultural areas is a high-tech, quickly developing technology meant to shield infrastructure, livestock, and crops from harm from predators and wild animals [15]. These systems provide a quicker, more precise, and more economical alternative to conventional, labour-intensive approaches by combining Unmanned Aerial Vehicles (UAVs) with AI-powered sensors to detect, track, and dissuade animals. Drones reduce the need for manual, nighttime patrols by surveying large areas in a matter of minutes. Early discovery lowers the expense of replacing broken equipment or repairing fences while preventing significant crop losses [16]. Farmers can cut back on the needless use of chemical repellents or broad-spectrum pesticides by receiving accurate, focused data. Drones with Cameras and Speakers Can patrol large areas and deter animals with sound/light; useful in large farms or forests, Costlier and require skilled operation.
2.7. Advanced technologies
Internet of Things (IoT) sensors, AI-powered computer vision, and automatic deterrence are used by remote monitoring systems for animal encroachment in agricultural fields to safeguard crops in real time. In order to prevent crop damage, these systems use cameras or motion sensors to identify intruders like wild boars, elephants, or stray animals, promptly notify farmers by SMS, and activate deterrents like sirens or flashing lights [17]. Cutting-edge devices are able to recognise particular animals and activate scents or sounds that are specifically designed to repel that species. These systems reduce labour expenses and avoid major crop devastation by automating surveillance, which does away with the need for manned guarding. These systems promote peace between local wildlife and agriculture by using non-lethal deterrent techniques like light, sound, or smell instead of dangerous electric fencing or poison [16]. Cloud systems such as Firebase can receive data for logging, long-term monitoring, and intrusion pattern analysis.
Recent developments in computer vision have made non-invasive identification possible through the use of cameras and artificial intelligence for behavioural analysis, coat patterns, and facial recognition. Additionally, by gathering information on critical metrics like body temperature, mobility, and feeding habits, the Internet of Things (IoT) integration of sensors has revolutionised livestock monitoring by enabling the early detection of illnesses and aberrant behaviour. Although more sophisticated biometric techniques, such as retinal scanning and muzzle pattern recognition, provide excellent accuracy, their higher costs and complexity make them less widely used. All things considered, the combination of these several techniques offers a thorough and scalable system for identifying and tracking livestock, supporting precision agriculture and empowering farmers to make data-driven, well-informed decisions. Machine learning and deep learning algorithms are used to process these data streams in order to identify anomalies, anticipate illnesses early on, and maximise production. By enabling non-contact monitoring of posture, movement, and behavioural patterns, advanced computer vision techniques such as depth cameras and 3D imaging allow for continuous observation while lowering animal discomfort.
Furthermore, even in remote agricultural settings, seamless data transfer and real-time decision-making are made possible by the Internet of Things (IoT) integration with cloud and edge computing systems. While TinyML and edge AI provide low-power, on-device intelligence for quicker reaction times, emerging methods like bioacoustic monitoring examine animal vocalisations to evaluate stress and welfare. Additionally, autonomous systems and robotics, such as AI-powered drones and herding robots, are being used to effectively monitor livestock and control grazing patterns. Together, these cutting-edge techniques are improving sustainability, animal welfare, and operational efficiency by converting conventional farming into an intelligent, automated, and data-driven system.
3. Conclusion
In order to prevent wild creatures like deer, wild boars, elephants, and monkeys from damaging crops and livelihoods, fencing systems are crucial. As a first line of defence, efficient fencing minimises large financial losses, lessens the need for human night patrolling, and increases overall farm output. Whereas traditional methods are not appropriate in modern agriculture due to the expansion of agricultural lands towards the forest areas. Hence, there is a need for modern technology in building strong fencing systems to avoid crop loss. In this regard, Artificial Intelligence systems are creating interest through the capable process of data and extracting valuable insights from it, which can result in superior decision-making. New concepts and techniques like machine learning, natural language processing, machine vision, artificial neural networks (ANN), etc. have made problem-solving and automation easier.
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