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ABSTRACT 
Railway lines crossing elephant habitats pose significant danger to these animals throughout regions where train lines 
and animals co-exist. The effectiveness of traditional mitigation approaches such as fencing, speed restrictions, and 
manual monitoring reduces because elephants show unpredictable movement patterns. Artificial intelligence supplies 
a fundamental solution to train some of its limitations through real-time monitoring features, alongside predictive 
analytics, plus automated alerts and training intervention systems. The review investigates existing AI-based 
solutions for train-elephant collision prevention while analyzing their performance and AI architectural structures 
that benefit conservation activities. This paper evaluates AI applications in wildlife conservation through structured 
research of Indian and African case studies, developing policy recommendations and identifying existing challenges. 

 
1. INTRODUCTION 
Natural habitats now face increased threats from trains because railway expansion caused more elephant-train 

collisions, resulting in fatal outcomes for the elephants. The penetration of railway infrastructure into vital elephant 

corridors leads to increased deaths of these animals, therefore endangering conservation objectives (Pan & Chatterjee, 

2022). The main obstacle in addressing animal train crashes stems from habitat division. The construction of railway 

tracks completely impedes elephant migration paths, thus blocking access to vital food resources and drinking water 

areas, while intensifying clashes between humans and elephants (Williams & Johnsingh, 2021). Existing conventional 

mitigation methods like manual monitoring, fencing, and warning signs have failed to succeed significantly because 

elephants move unpredictably across large areas. Innovative technology solutions must be developed immediately 

because they offer the potential to decrease train-elephant collisions and preserve elephant populations. 

 

The conservation challenge finds its solution through artificial intelligence (AI) tools, which have become a vital 

resource to support such efforts. AI-powered systems provide three functions of real-time monitoring alongside 

predictive analytics and railway intervention automation, resulting in heightened response speed and better risk 

assessments (Bandara & Bandara, 2023). AI-driven resources that combine computer vision systems, machine 

learning methods, and IoT sensors create advanced systems for both elephant tracking and prediction of their 

movements. Wildlife conservation projects have rapidly increased their adoption of AI for species monitoring, habitat 

protection, and human-wildlife conflict mitigation (Jiang, Yang, & Isukapalli, 2021). AI demonstrates superior 

accuracy when processing ecological and environmental data, thus offering an advantageous solution for preventing 

elephant-train collisions for conservationists, railway officials, and public policymakers. 

 

This analysis investigates how AI helps stop elephant-train collision incidents by evaluating AI-based conservation 

tactics. The analysis investigates active railways safety projects that integrate AI systems together with an evaluation 

of their operational capabilities and actual deployment challenges. The paper measures the difficulties of using AI-

driven solutions which arise from infrastructure obstacles, limited data access, and ethical problems. End-of-review 

recommendations will introduce future optimization solutions for AI models while increasing their deployment rates 
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specifically in collision-prone elephant-colonized areas. The research aims to enhance discussion about AI in wildlife 

conservation by promoting teamwork between academic professionals, wildlife protection experts, and transportation 

officials. 

 

2. METHODOLOGY 
2.1 Systematic Review Framework 

• Search Strategy 

o Keywords: AI in wildlife conservation, elephant-train collisions, machine learning for animal 

tracking, AI and railway safety, smart wildlife protection. 

o Databases: Google Scholar, IEEE Xplore, PubMed, ScienceDirect, Springer, ResearchGate. 

o Timeframe: Research published between 2015–2025 to ensure technological relevance. 

• Inclusion Criteria 

o Studies discussing AI-based wildlife tracking, collision prevention, and railway safety systems. 

o Research papers, technical reports, and case studies on AI-assisted elephant conservation. 

o AI projects tested or implemented in real-world settings (India and Africa). 

• Exclusion Criteria 

o Non-AI-based wildlife conservation studies. 

o Duplicates and incomplete studies. 

o Studies without empirical data or field applications. 

• Data Extraction & Analysis 

o Categorization based on AI technique used (machine learning, deep learning, IoT, computer vision, 

etc.) 

o Evaluation of AI effectiveness, scalability, and sustainability. 

 

3. AI-DRIVEN SOLUTIONS FOR PREVENTING ELEPHANT-TRAIN COLLISIONS 
3.1 AI-Based Surveillance & Detection Systems 

Computer Vision & Deep Learning Architectures 

The development of sophisticated surveillance tools which identify elephants through artificial intelligence represents 

an essential measure to prevent train-elephant accidents. Combining computer vision technology with a deep learning 

platform enables AI systems to detect elephants near railroads, enabling timely responses that minimize railroad 

accidents. The detection and classification of elephants in diverse environmental conditions mainly depends on 

Convolutional Neural Networks (CNNs), real-time object detection models including YOLO (You Only Look Once), 

and classification models such as EfficientNet and ResNet-50. 

 

AI software solutions with CNN models serve as a dependable tool for wildlife observation through identifying 

elephants who approach railway tracks. Moving pictures pass through CNN-based detection models, which operate in 

real time and deliver precise results for detecting elephants using their high-definition images. The detection model 

based on YOLOv7 with a Visual Attention Network (VAN) integration resulted in a 97% validation accuracy for 

elephant detection in railway corridors, according to Mullick and Mandal (2024). Live camera video feeds enter this 

system to deliver immediate warnings to railway departments, activating preventive measures that stop potential train-

elephant collisions. YOLOv5 alongside YOLOv7 has gained widespread application for real-time elephant detection 

because these models show quick frame processing capabilities and intense accuracy levels. Bhagabati, Dutta and 

Dutta (2024) used YOLOv5 together with Squeeze-and-Excitation Network (SENet) attention mechanisms to detect 

wild animals in real-time with 75.9% mean Average Precision (mAP). The improved railway monitoring systems 

through deep learning models perform fast and precise elephant identification within danger zones. 

 

EfficientNet alongside ResNet-50 continues categorizing elephant images collected through drone surveillance or 

railway camera systems. Deep learning models' intricate visual feature extraction capabilities successfully identify 

objects in challenging observation conditions, including night illumination and dense plant growth. A model that 

combines an EfficientNet-B5 backbone with a UNet model detected African elephant populations and their numbers 

in aerial surveillance images according to Singh, Gangloff, and Pham (2023). According to their research, AI models 

proved their ability to detect elephants correctly despite unfavorable environmental conditions, which makes them 

suitable for elephant railway passage surveillance. The models serve important purposes in conservation by enabling 

authorities to determine risky areas while providing them with prompt intervention strategies to stop collisions. 
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Railway infrastructure benefits from AI-based surveillance systems that detect elephants as part of their solution to 

cut down train-elephant collisions. Wildlife conservation benefits from these systems, which apply deep learning and 

computer vision to monitor wildlife in real time, therefore enabling prompt responses. AI technology advancement 

requires research and deployment of AI-driven monitoring systems because this will enhance railway safety while 

protecting elephant populations. 

 

Infrared and Motion Sensors 

Heat-mapping technologies linked with AI-enhanced thermal imaging have demonstrated their ability to find 

elephants during the night and situations with dense foliage. Real-time monitoring and earliest warning possibilities 

become possible through these systems because of their ability to detect elephant heat signatures specifically. The 

research of Bandara and Bandara (2023) presented an automated system using infrared sensors with deep learning 

models that obtain precise elephant detection results. The implemented system ensures prompt action, which decreases 

the possibility of trains striking elephants. 

 

Drone-Based AI Monitoring 

The tracking of elephants continuously has advanced significantly due to AI drone systems for monitoring operations. 

Siamese Neural Networks (SNNs) demonstrate outstanding capability in analyzing linked information because they 

enable researchers to track elephants across time. Panetta et al. (2023) researched AI drones for elephant track 

monitoring and provided evidence about how SNNs enhance tracking accuracy in their study. The platform-based 

Edge AI computing system manages data directly to perform tracking analysis that runs continuously in real-time 

without needing continuous server communication. Rapid and efficient decision-making under changing 

environmental circumstances requires the ability to do so. 

 

Thermal imaging technology powered by AI and operating within drone system monitoring is an effective method of 

reducing interactions between humans and elephants. The data obtained from real-time elephant tracking lets people 

execute proactive measures against accidents and establishes mutual cohabitation between humans and elephants. 

 

3.2 Predictive AI & Machine Learning Models 

Machine Learning for Elephant Migration Prediction 

Accurate prediction of elephant migration patterns is necessary to mitigate human elephant encounters, including 

train-wildlife collision, to enable effective conservation planning. With such large datasets analyzed by machine 

learning data science models that focus on GPS tracking histories and climate data, railway infrastructure information, 

etc., the data science models for the prices of elephant movements while detecting cross points. 

 

AI Models Trained on Historical GPS, Climate, and Railway Track Data 

The strong predictive models from multiple data collection approaches accurately predict elephant crossings. Hamed 

et al. (2025) present PoachNet, an elephant GPS data and environmental factors combined machine learning approach 

for predicting future elephant locations and identifying poaching zones. Climatic conditions and human-made 

structures are analyzed to develop timely intervention measures to control train-related elephant accidents using 

predictive models preventively. 

 

Long Short-Term Memory (LSTM) Networks for Time-Series Analysis 

Because of this distinctive power, Long-Short-Term Memory (LSTM) networks can model sequences to detect 

temporal dependencies present in structures of elephant movement behavior patterns. Rew (2019) analyzed how 

predictive recurrent neural networks can model animal movements by predicting their migration behaviour by 

applying LSTMs for their forecasting. However, through LSTM processing of GPS time series, predicting future 

movements is possible to facilitate time for calibrated action to reduce potential collision risks. 

 

Random Forest and XGBoost Models for Probabilistic Forecasting 

Since Random Forest and XGBoost can work together to perform an ensemble learning task that analyzes the behavior 

of elephants based on movement data sets. Ahmad Radzali et al. (2023) were able to develop a predictive system 

capable of classifying Asian elephant behaviors using satellite collar data analysis through the use of XGBoost 

algorithm. Khanal (2022) undertook a Random Forest analysis on habitat suitability and anthropogenic factors in 
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assessing human elephant conflict risks. These models make complex datasets accessible and estimate how elephants 

would move near the railway track to reduce the risks assumed in targeted mitigation strategies. 

 

Machine learning approaches integrated with elephant movement analysis enhance forecasting accuracy and provide 

potential for developing protective wildlife conservation plans. With huge datasets relied on for training AI models, 

stakeholders with AI models can now proactively tackle a train elephant collision to harmonize the activities of humans 

and wild animals. 

 

AI-Based Risk Assessment & Decision Support 

To diminish train collisions with elephants, artificial intelligence improves assessments, which will lead to better 

decisions. Bayesian Networks and Reinforcement Learning algorithms can be used by stakeholders to study complex 

variables and take proactive measures to reduce the risk of train-elephant collisions. 

 

Bayesian Networks for Analyzing Collision Risk Under Uncertain Conditions 

Probabilistic graphical models such as Bayesian Networks (BNs) show variables with conditional dependency. Within 

train elephant collision detection, Bayesian Networks collect hints from diverse data entries like environmental factors, 

present elephant deformity patterns, and train operational timetables to ascertain the hazard possibility. Through BNs, 

Liu et al. (2021) introduced an evaluation framework for urban rail transit projects with the capability to indicate the 

risk possibilities and reasoning that is uncertain. However, its methodology can be used for any wildlife-related 

collision assessment to identify risky situations and take specific protective measures applicable to the decision 

makers. 

 

Reinforcement Learning Algorithms Optimizing Train Slow-Down Responses Based on AI Predictions 

In the case of the Reinforcement Learning algorithms, sequential decisions are created from interactions with 

environments by making optimal actions through error-based learning mechanisms. If the detection of elephants on 

the track can be made instantly available to train operators through train management operations, then the RL 

algorithms will help train operators optimize its speed control. RL models continuously receive persistent feedback 

and adjust their strategies to find those better training methods that minimize risks and performance disruptions. 

Although their direct applications in train elephant collision prevention are still under development, RL models hold 

great promise for making decision improvements in dynamic conditions. 

 
Proactive wildlife conservation is achieved by integrating AI-based risk assessment tools (Bayesian Networks and 

Reinforcement Learning algorithms) when used in railway operations. In addition, these technologies help create 

railway systems with lower collision risks, as elephants can live near these systems and in the same area as a railroad 

system, reducing railroad safety. 

 
3.3 Automated Train Warning & Intervention Systems 

AI-Powered Speed Regulation & Train Control 

Artificial intelligence is one of the best tools for reinforcing railway security through managing train elephant 

incidents. CNN and RNN models can detect railway track elephants in advance of changing train speed for collision 

prevention. These hybrid CNN-RNN models make real-time applications possible since they take advantage of CNN 

spatial data processing skills and RNN temporal sequence learning of movement predictions. 

 
CNNs do exceptionally well in machine vision problems because they process visual information from images and 

video frames for railway track elephant detection (Bhutia et al., 2024). Long Short Term Memory (LSTM) networks 

based RNN component is specified as the one that calculates movement trajectories for identified elephants based on 

frame sequences (Geremew & Ding, 2023). The sequence-based examination method lets the AI system detect 

upcoming train accidents so it can generate timely speed control orders for approaching trains. These hybrid models 

integrate into railway monitoring systems through which AI cameras continuously monitor railway corridors. After 

an elephant detection, the AI system conducts a dual evaluation by confirming if the animal remains inactive or is 

heading toward the rails before it adjusts train speed levels to lower potential collision risks (Pan et al., 2023). 
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Railway safety infrastructure becomes more effective by implementing CNN-RNN hybrid models that helps prevent 

train-elephant collisions. The implementation of AI-based detection methods allows real-time animal recognition, 

which produces automated security measures that benefit wildlife protection and track safety. Future development 

efforts should optimize models to work better under different environmental conditions, including low-light areas and 

dense vegetation, to enhance detection reliability. 

 

Automated Alarm & Notification Systems 

AI and IoT technologies have transformed railway safety through automated alarm systems that improve 

communication efficiency in real time. The systems use these technologies to provide quick hazard responses, which 

improves security for wildlife and human operations. 

 
AI-Generated SMS and IoT-Based Alerts 

By uniting AI systems with IoT devices, the technology has made possible systems that recognize anomalies and 

automatically inform the proper staff members. RAIILS uses AI algorithms within the Railroad Artificial Intelligence 

Intruder Learning System to identify railway track intruders, triggering immediate alerts and transmissions to safety 

teams and operators through SMS and communication pathways (Gibson et al., 2023). A quick alert system enables 

immediate precautionary measures that protect against railway accidents and elephant-related incidents. 

 
Federated Learning for Decentralized AI Deployment 

A decentralized approach is required to execute AI through extensive railway networks because it achieves data 

privacy alongside efficient model training. Federated Learning (FL) provides a solution through training, enabling AI 

models to function with distributed local data nodes without necessary information centralization. FL offers railway 

systems a capacity for network components to unite their efforts in developing intrusion-detection models and alert 

systems while protecting data (Gibson et al., 2023). The distributed system increases safety system scalability and 

response speed for railway routes spanning various regions. 

Combining AI alert integration with IoT hardware using Federated Learning for dispersed AI deployment allows 

railway operators to improve their safety precautions. Detection and hazard prevention improvements deliver better 

security while ensuring complete network-wide data privacy protection. 

 
AI-Enabled Acoustic & Light-Based Deterrents 

Implementing artificial intelligence enabled researchers to create disruptive non-harmful measures against train-

elephant collisions. Rephrase the following sentence. Two significant solutions use Generative Adversarial Networks 

(GANs) to make safe elephant distress calls and adaptive flashing lights enhanced by genetic algorithms to stop 

elephant habituation to light patterns. 

 
GANs Simulating Elephant Distress Calls 

The natural data generation capability of GANs applies to bioacoustic signals and other data types. The training 

process includes existing recordings of elephant distress calls that allow these models to generate natural-sounding 

deterrent sounds. Artificial intelligence-generated distress signals can function as an effective deterrent against 

elephants by using train tracks when they are produced with consistent frequency patterns and intense modulation and 

volume levels (Nandutu et al., 2022). The findings of bioacoustic studies demonstrate that elephants react differently 

when hearing particular warning calls, especially warning signals connected to dangers (King et al., 2020). 

Conservationists and railway authorities can use AI-generated distress calls designed to make animals avoid areas 

through a process that keeps elephants safe from harm. 

 
Adaptive Flashing Lights Optimized Using Genetic Algorithms 

Flashing lights have traditionally been used for wildlife protection, yet their preventative power weakens when wildlife 

observes repeated flashing signals. AI-based genetic algorithms solve this problem through the ongoing development 

of light patterns using real-time data. The algorithm duplicates natural selection by producing various flashing 

sequence variants followed by selecting the best outcomes that evolve through each successive lineage (according to 

Briolat et al., 2024). By changing patterns unpredictably, this method stops elephants from developing an adaptation 

to any specific deterrent pattern, which in turn extends the deterrent effect in the long term. Different species utilize 

genetic algorithm-based AI techniques to deter elephants, although studies are currently scarce, comparable programs 

demonstrate successful results in wildlife management and predator protection programs. 
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Suspending rail operations during dangerous hours represents a new analytical method to reduce animal-human 

conflicts by blending artificial intelligence with sound and illumination systems across railway tracks. The 

combination of AI-enabled dynamic deterrent procedure adaptation can achieve improved railway safety and preserve 

elephant populations. The development of AI models requires further refinement to match how elephants respond 

behaviorally, and lab testing needs to be conducted in actual conservation environments. 

 

Review of Relevant Theories 

Theoretical Foundations Underpinning AI Applications in Wildlife Conservation and Railway Safety 

 
Field experts use artificial intelligence (AI) technology to protect wildlife and enhance railroad safety by applying 

established ecological principles that show how human-made structures affect elephant populations. AI-driven 

conservation approaches derive their conceptual foundation from habitat fragmentation theory and human-wildlife 

conflict theory. 

 
Habitat Fragmentation Theory 

Habitat fragmentation theory demonstrates that breaking down continuous ecosystems causes wildlife movement 

difficulties, losses to biodiversity, and declines in ecosystem operations. The growth of railways in the region splits 

elephant migration routes, pushing elephants into smaller and more isolated living spaces (Naha et al., 2022). The 

fragmentation of elephant habitat limits resource access while raising stress rates of elephant populations through 

human area intrusions that increase death by train accidents (Goswami et al., 2020). The research conducted in India 

and Sri Lanka shows that elephants move to railway tracks at their traditional migration spots, putting themselves at 

greater danger of accidents (Wilson et al., 2021). Predictive modeling tools supplemented with artificial intelligence 

monitoring help process migration pattern information to support development of bright corridor solutions and 

automated warning machinery. 

 

Human-Wildlife Conflict Theory 

The HWC theory studies the negative consequences of humans claiming natural habitats, which results in growing 

contact with wildlife. Railway infrastructure growth in elephant living areas reveals this conflict because it causes 

habitat destruction while raising the mortality rate of elephants from train accidents (Dutta et al., 2023). The research 

indicates railway tracks have evolved into dangerous regions where elephants continuously search for resources, 

increasing accidents (Ponnambalam et al., 2022). AI tracking systems partner with prevention systems to reduce 

railway operator safety risks because they deliver instant notifications to operators about elephants approaching tracks. 

Conservation strategies based on technological integration pursue the establishment of peaceful relationships between 

human-made infrastructure and wildlife populations. 

 
AI technologies operated through habitat fragmentation theory and human-wildlife conflict theory enable scientists to 

generate data-focused solutions that defend railway security and ecological preservation. Additional research should 

concentrate on enhancing AI technologies' predictive performance and operational capabilities for railroad elephant 

fatality prevention systems. 

 
AI and Machine Learning Theories in Wildlife Conservation and Railway Safety 

Several AI and machine learning (ML) techniques require AI and ML frameworks to be produced for their applications 

in protecting wildlife and offering railway safety. These frameworks are theories providing the basis by which AI 

models can identify elephants, optimize train interventions, and predict elephant movement patterns to lower the 

chances of train-elephant collisions. 

 
Deep Learning Theory 

Deep learning combines artificial neural networks of multiple layers as a form of ML to model difficult data patterns. 

Object detection and tracking for elephants and deep learning techniques are extensively used to identify elephants in 

different environments. Prevalent approaches for processing bioacoustic data with visual content that can acquire real-

time flows of elephant movement are CNNs (Loo et al, 2024). Elephant detection systems have become more accurate 

because of increased feature extraction and classification functions using deep learning architectures such as 

EfficientNet and YOLO-based models (Brickson et al., 2023). Systems that can offer early signs and automate 

protective actions will be applied further in future conservation approaches since proactive measures can be taken. 
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Reinforcement Learning Theory 

Reinforcement learning is a decision-making framework that allows an agent to update the action selection guided by 

the environmental interactions for which the agent acquires rewards and penalties for an effective outcome. RL is one 

of the algorithms used to calculate train speed and collision prevention in railways. Analysis and comparison between 

train movements and environmental conditions, elephant crossing behavior, and provide better automated braking 

control to RL models, decrease the probability of train-related accidents (Bandara & Bandara, 2023). RL’s adaptive 

learning capacity yields good decisions that increase railway safety protocols and reduce train operational 

disturbances. 

 
Predictive Modeling Theory 

Statistical and ML techniques used for predicting or forecasting future events based on historical data are known as 

predictive modeling. Predictive models in elephant conservation predict crossing of elephants near train tracks from 

time series data of elephant GPS tracking, climate, and railway activity. Based on these models, Long Short-Term 

Memory (LSTM) networks, Random Forest classifiers, and XGBoost algorithms are used to probabilistically predict 

elephant movement patterns (Brickson et al., 2023). Predictive modeling offers data-driven insights that support 

implementation of early warning systems and conservation strategies for reducing human elephant conflicts. 

 

The application of AI and ML theories to enhance the ability to detect, predict, and respond to potential train elephant 

collisions improves conservation and railway safety. Future research on refining these models is recommended to 

improve accuracy, scalability, and real-time responsiveness towards sustainable solutions for wildlife protection and 

railway safety. 

 

Technology Adoption Theories in Conservation 

Two adoption theories are adhered to when artificial intelligence (AI) solutions for wildlife conservation and railway 

safety are followed, such as Diffusion of Innovation (DOI) and Stakeholder theories. AI-driven solutions adopt and 

deploy theoretical frameworks that have insight into their application on railway networks and conservation programs. 

 

Diffusion of Innovation (DOI) Theory 

The DOI theory discusses flow of new ideas as well as the technologies from social institutions. DOI theory’s 

application helps understanding what factors made railway networks willing to accept AI driven conservation 

strategies in their systems. The adoption success of AI-driven solutions depends on relative advantage compared to 

existing methods, together with compatibility of AI technology to railway operations, then the simplicity of use during 

implementation, followed by trialability for testing AI solutions, and the visibility of positive outcomes after AI 

implementation (Harrison & McNeese, 2021). Success in conserving AI depends mainly on pioneering organizations 

like government agencies and research institutions who demonstrate results to finally launch full-scale deployment 

according to Kim et al. (2023). Strategic interventions developed by railway authorities and policymakers gain 

effectiveness through their knowledge of AI diffusion mechanisms for wildlife protection acceleration. 

 

Stakeholder Theory 

In stakeholder theory, decision-making processes must include multiple working parties. The application of AI for 

wildlife conservation involves four key groups, who collaborate, namely conservationists, AI researchers, railway 

authorities, policymakers, and individual members of affected local communities (Ademola, 2024). For the successful 

deployment of AI-based railway safety systems, it is essential to synchronize the purposes and specialized knowledge 

of stakeholders. Both conservation groups push for respectful AI systems to protect elephants without behavioral 

disturbances and railway officials maintain operations security. AI researchers create detection models with high 

accuracy and policymakers enforce legal and environmental regulations according to Iyer et al. (2022). AI solutions 

become more efficient at both design and testing stages, and their deployment into conservation environments through 

collaboration with various stakeholders. 

 

Research that uses DOI theory and Stakeholder theory can improve AI-driven conservation's adoption and 

performance. Stakeholders need to resolve infrastructure restrictions and ethical hindrances to AI implementation 

because future examinations will be necessary to sustain railway safety alongside wildlife protection. 
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4. CASE STUDIES & IMPLEMENTATIONS 
4.1 India: AI-Integrated Rail Safety Initiatives 

Northeast India has become the target of advanced artificial intelligence (AI) technology implementations by Indian 

Railways, which combine railway safety measures with train-elephant prevention methods. Real-time monitoring and 

wildlife fatalities decrease as YOLO-based computer vision models, motion sensors, and predictive analytics work 

together under AI solutions. 

 

AI-Powered Elephant Detection Systems 

Elephant corridors across 11 Northeast Frontier Railway (NFR) locations now have an AI-powered detection system 

that generates automatic warnings. The elephant detection system operates with YOLO-based computer vision 

models, combining fiber optic sensors and infrared cameras to track elephants approaching railway tracks (Sharma et 

al., 2023). The system detects elephants through its sensors, triggering automatic warnings to train staff to take 

protective measures against collisions. According to research findings, AI-based operations have led to no elephant 

casualties throughout monitored areas (Goswami et al., 2022). 

 

AI-Enhanced Motion Sensors and Predictive Analytics 

Predictive analytics work together with artificial intelligent sensors that monitor elephant movements to provide real-

time data, allowing operators to evaluate upcoming collision hazards in railway corridors. The predictive maintenance 

systems in Howrah Division are based on AI and Machine Learning (ML), which process environmental and railway 

data to detect upcoming failures and enhance safety protocols (Kumar et al., 2023). AI technology has helped establish 

systems providing better time-sensitive railway observation while improving response times and connections between 

railroad authorities and protection teams (Patel & Iyer, 2021). 

 

Indian Railways use Artificial Intelligence to enhance their conservation practices as the adoption of advanced 

technologies develops in both conservation work and railway management operations. These AI-powered solutions 

and operational safety improvements have enhanced rail safety operations and wildlife preservation measures. 

Movements in deep learning technology, coupled with improved real-time monitoring systems, will enhance rail safety 

measures and wildlife conservation practices throughout India. 

 

4.2 Africa: AI & IoT in Wildlife Protection 

The integration of AI and IoT technologies in Africa has become instrumental in protecting wildlife, improving 

monitoring systems and elephant population safety. 

 

AI-Powered Drone Surveillance and Convolutional Neural Networks (CNNs) for Automated Elephant 

Tracking 

With the implementation of advanced imaging systems, AI-powered drones are responsible for maintaining elephant 

monitoring activities. Drones that run CNN networks in portions of various terrains and light conditions allow 

automatic elephant detection and tracking. According to Panetta et al., (2023) AI systems developed by researchers to 

track elephants while analyzing aerial drone surveillance do not disrupt the elephants with animals in their habitat. 

Using drones along with CNNs enables precise data on the population and quick identification of threats, especially 

in illegal poaching operations. 

 

AI-Enabled Smart Collars and Geofencing Techniques for Elephants 

In that way, implementing smart collars enabled by AI is a good way to track elephant movement and keep them safe. 

The AI systems and the GPS units are included in the tracking devices to track vital measurements alongside animal 

behavior and to send the acquired data in real-time to preservation teams. Advanced collars that provide the most 

essential information are developed in the ElephantEdge project to help park rangers make protective decisions about 

elephant safety from threats like poaching (Save the Elephants, 2021). Electronic bulls in the ears have virtual 

perimeter guards with automated alerts when elephants enter designated zones to initiate protective measures to reduce 

human herd conflicts. 

 

The combination of AI and IoT ensures that these technologies become more effective for monitoring wildlife and 

better conservation insights that can be used to protect elephant populations in Africa. 
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5. CHALLENGES & LIMITATIONS OF AI IN WILDLIFE CONSERVATION 
5.1 Technical & Data Challenges 

The application of artificial intelligence to track elephants around railway lines involves multiple data and technical 

obstacles. 

 

Data Quality Issues 

Accurate high-resolution information about elephant movements requires collection into labeled datasets to create 

effective AI models. The large areas inhabited by elephants, along with their remote locations, create difficulties when 

trying to acquire data, which results in limited available datasets. A low quantity of labeled information prevents the 

development of AI systems that must detect and monitor elephants with high precision. As per Brickson et al. (2023), 

the basis of acquiring and annotating data to construct efficient monitoring systems is joint work of ecological 

researchers and AI experts. 

 

Model Interpretability 

A fundamental requirement for railway operations to accept the use of AI models is to ensure that the models explain 

their decision-making process. Before building trust that leads to effective action, operators must be able to justify 

their decision-making, which in turn requires a good grasp of AI prediction. A main challenge of decision 

interpretation is the lack of transparency in the process mechanisms of many deep learning models, that is, they operate 

as a black box. Staff have trouble understanding why a system’s recommendation is made as AI models are of a very 

complex nature, and thus, explanations for such reasoning are hidden. This, therefore, hinders the implementation of 

AI technology at present standards. To realize a human AI partnership, developers must spend time making the models 

understandable or embedding the explainability function in their systems (Oh et al., 2022). 

 

False Positives in Detection Systems 

For detecting elephants beside railway tracks, CNNs are the primary tool as their prime means of detection. These 

models classify the identified behaving elephants incorrectly as being elephants. Traditional stoppages at the AI 

system triggered by false assumptions cause the operations to be interrupted, which leads to the direct impact on the 

operational schedule and the users' loss of faith in AI technology. Preventing this issue requires CNN model 

adjustments employing large datasets containing complete environmental scenarios alongside all ambiguous objects. 

Ensemble methods and continuous model evaluation implement procedures that increase detection accuracy while 

lowering the appearance of false positives (Oh et al., 2022). 

 

5.2 Infrastructure & Financial Barriers 

Rifle and tank deployments of artificial intelligence (AI)-driven railway safety protocols battle against major networks 

and budget constraints in developing locations. 

 

High Costs of Deploying AI-Powered Railway Safety Solutions 

High initial deployment expenses for railway systems encompass hardware acquisitions, software implementation, 

and data procurement systems. Implementing high-performance servers with GPU systems and deep learning 

framework acquisition amounts to $69,000 during the first year of deployment. Extra costs for data acquisition and 

dataset storage will increase the deployment expenses to about $42,000 according to Moesif (2024). Developed 

regions struggle with budget constraints because these costs demonstrate substantial financial challenges. 

Implementing AI creates lasting expenses that consume the already restricted budget of financial resources, especially 

through continuing model optimization and system maintenance requirements. The expensive deployment of AI-

enabled railway safety technologies in developing areas requires innovative financial strategies and affordable 

technological solutions to make successful implementation feasible.The conservation technology sector requires 

sustainable sources of funding for artificial intelligence development. Adequate sustainable funding methods must be 

developed to implement AI conservation technology successfully. Government collaborations with private industry 

groups and charitable foundations are key to addressing this situation. The Microsoft Climate Innovation Fund 

establishes sustainable funding through its efforts to supply climate technologies by delivering capital and technical 

support for large-scale deployment of sustainable AI applications (Microsoft, 2025). Governments implement funding 

programs through incentives that support projects with grants for researching low-impact computing methods and 

energy-efficient algorithms to advance sustainable AI development (Kaizen, 2025). Collaborative funding methods 

serve as major tools to remove financial obstacles and stimulate the usage of AI-powered solutions throughout 

conservation objectives. 
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5.3 Ethical & Environmental Considerations 

Integrating artificial intelligence into wildlife conservation, especially for elephant population monitoring, involves 

multiple ethical choices and environmental aspects. 

 

Privacy Concerns: AI-Powered Surveillance and Its Impact on Wildlife Behavior 

AI-powered surveillance tools consisting of camera traps and drones have improved wildlife population monitoring 

capabilities. Monitoring systems based on these computerized technologies produce concerns about behavioral effects 

on animals and privacy protection. Continuous monitoring negatively impacts wildlife behavior when animals detect 

surveillance devices since this alerts them or causes stress. Drone applications contribute to wildlife tracking, but their 

inappropriate implementation may cause distress to animals according to Linchant et al. (2015). AI-powered 

monitoring systems have the potential to gather sensitive human data such as images while operating, which should 

be managed ethically by following proper data management practices (Yousif et al., 2019). 

 

Developing algorithmic systems and models for wildlife conservation require systematic bias removal to prevent 

unequal impacts on any specific elephant community. AI systems exhibit biased outputs due to the training data input. 

The development of biased AI models in wildlife conservation depends on datasets that fully represent the elephant 

population because insufficient data representation can lead to unbalanced resource allocation. The analysis performed 

by AI systems could prioritize accessible elephant populations even if their conservation needs outweigh those found 

in remote locations because easily accessible populations receive more data inputs. The achievement of fair models 

in conservation depends on both extensive, diverse dataset collection and bias-minimizing algorithm implementation, 

which secures equal conservation opportunities throughout every elephant population (Buolamwini & Gebru, 2018). 

 

Challenges & Limitations of AI in Wildlife Conservation Description 

Technical & Data Challenges  

Data Quality Issues Accurate high-resolution data on elephant movements is complex to collect due to large 

and remote habitats. Limited labeled datasets hinder the development of precise AI 

detection systems (Brickson et al., 2023). 

Model Interpretability AI models must be explainable to gain trust in railway operations. Deep learning's "black 

box" nature makes decision-making processes unclear, limiting adoption (Oh et al., 

2022). 

False Positives in 

Detection Systems 

Convolutional Neural Networks (CNNs) can misclassify objects, causing operational 

disruptions and reducing trust in AI. Model adjustments with diverse datasets and 

ensemble methods help minimize false positives (Oh et al., 2022). 

Infrastructure & Financial Barriers  

High Costs of 

Deploying AI-

Powered Railway 

Safety Solutions 

The initial AI deployment costs include hardware, software, and data acquisition. 

Estimated costs are $69,000 for the first year and $42,000 for data procurement (Moesif, 

2024). Developing regions face financial constraints. Sustainable funding through 

government-private partnerships and grants is essential (Microsoft, 2025; Kaizen, 2025). 

 

Ethical & Environmental Considerations 

Privacy Concerns: AI-

Powered Surveillance 

and Its Impact on 

Wildlife Behavior 

AI-based surveillance, such as camera traps and drones, enhances wildlife monitoring 

but may stress animals or alter their behavior. Ethical concerns arise over data privacy 

and proper use (Linchant et al., 2015; Yousif et al., 2019). 

Bias in AI Models 

Affecting Conservation 

Efforts 

AI models can exhibit biases due to incomplete datasets, leading to unequal 

conservation efforts. Addressing bias requires diverse dataset collection and 

algorithmic fairness measures (Buolamwini & Gebru, 2018). 

 

6. THE FUTURE OF AI IN WILDLIFE CONSERVATION 
6.1 Emerging AI Technologies for Wildlife Protection 

The implementation of emerging artificial intelligence technologies helps wildlife protection through innovative 

solutions that enable population monitoring of animals. 
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Transformers for Wildlife Prediction 

Transformers demonstrate effective performance as attention-based deep learning models for forecasting movements 

of animals. Transformers handle smooth analysis of temporal sequences alongside spatial data patterns, resulting in 

accurate migration series predictions. The MoveFormer model brings transformer architecture to future movement 

predictions through recorded animal trajectories which boost wildlife movement predictions (Bidari et al., 2023). 

Ecological approaches based on deep learning provide predictions for flying animal migrations through analysis of 

weather radar data to create better conservation plans (Zhao et al., 2021). 

 

Quantum AI for Conservation 

Quantum computing technology has developed into a strong optimization approach for improving AI algorithms, 

which serve various industries such as transportation and conservation. Multiple research teams use quantum 

computing methods to resolve the rail transportation network's challenging dispatching and conflict management 

issues. Scientists developed quadratic unconstrained binary optimization (QUBO) models using quantum annealing 

technology to handle single-track railway line train dispatching and conflicts (D-Wave Systems Inc., n.d.). Wildlife 

conservation presently operates at infancy levels of quantum AI implementation, but quantum computers have great 

potential to optimize complex models and simulations for future studies. 

 

6.2 Policy & Legal Frameworks for AI-Driven Conservation 

The accurate use of artificial intelligence (AI) in conservation requires thorough policy development and legal 

structures for well-functioning and ethical deployment. New frameworks exist to control the deployment of AI systems 

for railway safety and wildlife protection while upholding compliance with ethical guidelines and regulatory 

mandates. 

 
AI Regulations for Railway Safety and Wildlife Protection 

AI-based railway safety solutions led to new guidelines which reduce wildlife accidents while improving the 

sustainability of transportation structures. The Swedish Innovation Agency (Vinnova) obtained funding from Sweden 

to create railway safety projects which use artificial intelligence software solutions to prevent wildlife accidents. The 

railway operations benefit from AI-driven deterrent audio signals and real-time monitoring systems through these 

initiatives as they integrate conservation efforts into operational practice (Alstom, 2024). These laws support the 

European Union and Sweden in their efforts to sustain transport operations and protect biodiversity through 

regulations establishing rules for implementing AI in railway systems. AI's continuous growth in wildlife protection 

and infrastructure management requires policymakers to create procedures that protect ethical usage while 

encouraging new methods to safeguard wildlife. 

 
International Collaboration on AI-Integrated Conservation Strategies 

EFortifying wildlife conservation requires international collaboration because of its transnational nature since AI 

should integrate into conservation strategies. AMET and its partners aid technology-based organizations and 

conservation entities in sharing data that helps deploy AI solutions to prevent human-wildlife conflict. The Natural 

Solutions Toolkit enables The Nature Conservancy and Microsoft to expand their AI-based conservation work using 

AI for better planning and real-time monitoring (Coastal Resilience, 2024). These strategic collaborations make it 

possible to use AI solutions at big scales and thus merge conservation technologies with existing policy guidelines 

that protect biodiversity. The establishment of worldwide standards for AI-based conservation makes emerging 

technological solutions available for every sector by promoting an integrated approach for lasting wildlife protection 

efforts. 

 

The responsible deployment of AI in conservation depends on complete regulation development and international 

partnerships for cooperation. The widespread implementation of AI in conservation needs future policies to support 

ethical governance frameworks, fair technology distribution, and dependable funding sources that benefit conservation 

worldwide. 

 

6.3 Potential for Cross-Species AI Conservation 

AI applications in conservation have advanced from protecting individual species to providing new methods which 

protect several endangered species and monitor complete ecological systems. 
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Expanding AI-Powered Railway Safety to Other Endangered Species 

The original AI safety systems that blocked animal-wildlife train accidents with deer now serve as the basis for 

protecting rhinos and tigers through new adaptations. The combination of AI-based sound and AI-based vision sensors 

detects animals crossing railway tracks and activates alarm systems to stop more than 6,000 potential train collisions 

according to Baker (2024). Researchers in Nepal train AI models to accurately detect spotted deer populations because 

spotted deer constitute primary prey for the tigers they aim to protect (Jong, 2023). AI-powered railway safety systems 

have shown their potential to adapt their technology toward multiple animal species, which helps implement better 

conservation strategies between habitats. 

 

Multi-Species AI Conservation Platforms for Real-Time Ecosystem Monitoring 

AI conservation platforms built for multiple species have created new possibilities in real-time ecosystem monitoring 

through their development. EarthRanger is an open-source software platform that combines multiple types of 

geographically located and time-based data to display an inclusive wildlife population and environmental monitoring 

system (Wieler et al., 2023). AI drones enable the non-human operation of advanced imaging technology for species 

tracking which detects environmental dangers from pollution and habitat destruction (FlyPix.AI, 2025). Computerized 

monitoring platforms help conservationists maintain uninterrupted supervision of all species, building a 

comprehensive approach to controlling ecosystems. 

 

The Future of AI in Wildlife Conservation Description 

Emerging AI Technologies for Wildlife Protection 

Transformers for 

Wildlife Prediction 

Transformers accurately predict animal movements by analyzing temporal and 

spatial data. The MoveFormer model uses recorded animal trajectories to enhance 

wildlife movement forecasting (Bidari et al., 2023). AI also predicts flying animal 

migrations using weather radar data (Zhao et al., 2021). 

Quantum AI for 

Conservation 

Quantum computing enhances AI optimization, benefiting various industries, 

including conservation. Quantum models like QUBO optimize railway dispatching, 

and future applications may improve complex conservation simulations (D-Wave 

Systems Inc., n.d.). 

Policy & Legal Frameworks for AI-Driven Conservation  

AI Regulations for 

Railway Safety and 

Wildlife Protection 

AI-based railway safety projects reduce wildlife accidents and improve transportation 

sustainability. Sweden’s Vinnova funds AI solutions for railway safety, integrating 

conservation with infrastructure operations (Alstom, 2024). EU regulations support 

AI in railway systems for biodiversity protection. 

International 

Collaboration on AI-

Integrated Conservation 

Strategies 

AI conservation efforts require international collaboration. AMET and Microsoft’s 

Natural Solutions Toolkit help deploy AI to prevent human-wildlife conflicts and 

expand AI-based conservation work (Coastal Resilience, 2024). Global standards for 

AI-based conservation ensure ethical use and sustainable technology integration. 

 

Potential for Cross-Species AI Conservation 

Expanding AI-Powered 

Railway Safety to Other 

Endangered Species 

AI-based safety systems initially developed for deer are now adapted for rhinos 

and tigers. AI vision and sound sensors prevent train collisions with wildlife, and 

Nepalese researchers are training AI to detect spotted deer, a key prey species for 

tigers (Baker, 2024; Jong, 2023). 

Multi-Species AI 

Conservation Platforms for 

Real-Time Ecosystem 

Monitoring 

AI conservation platforms such as EarthRanger integrate geographic and temporal 

data to provide real-time ecosystem monitoring. AI drones track species and detect 

environmental threats, aiding comprehensive conservation efforts (Wieler et al., 

2023; FlyPix.AI, 2025). 

 

9. SUMMARY OF KEY FINDINGS 
The systematic study investigates how artificial intelligence (AI) technologies address train-elephant collision 

problems by evaluating their operational methods. It also structurally assesses AI-based surveillance systems, 

predictive models, and automatic railway response procedures, demonstrating how AI drives transformative results 

between wildlife preservation and railway security. 
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1. AI-Driven Surveillance & Detection Systems 

Through the combination of AI-based surveillance monitoring systems, deep learning models, and computer vision 

technology, operators have achieved superior real-time detection of elephants surrounding railway tracks. Research 

shows combined CNNs and YOLO-based object detection models create external programs that achieve superior 

elephant detection alongside warning system functionality (Mullick & Mandal, 2024). The identification of elephants 

within drone and railway-based camera imagery depends on the implementation of ResNet-50 and EfficientNet 

models (Singh et al., 2023). The low-visibility detection of elephants has improved with the help of infrared and 

motion sensors operating with thermal imaging and heat-mapping technology, according to Bandara and Bandara 

(2023). A system for drone-based AI monitoring using Siamese Neural Networks with Edge AI computing for real-

time tracking and intervention became possible after Panetta et al. (2023) developed the application. 

 
2. Predictive AI & Machine Learning for Elephant Migration Forecasting 

Machine learning systems trained using GPS, climate and railway track data from the past succeed in improving 

elephant migration patterns forecasts (Hamed et al., 2025). The time-series forecasting capabilities of Long Short-

Term Memory (LSTM) networks deliver effective conservation results according to Rew (2019). Random Forest and 

XGBoost models work with probabilistic forecasting of elephant movement, boosting the prediction of areas at high 

collision risk (Ahmad Radzali et al., 2023; Khanal, 2022). Analyzing train collision risks and slow-down response 

optimization utilizes AI tools based on Bayesian Networks and Reinforcement Learning algorithms (Liu et al., 2021). 

 
3. The integration of Automatic Train Warning Systems together with Intervention Systems. 

The railway sector integrates hybrid CNN-RNN systems into its safety protocols to monitor elephant occurrences and 

control train speed automatically (Bhutia et al., 2024). SMS text algorithms and IoT alert system have enabled railway 

operators to establish faster communication with conservation teams (Gibson et al., 2023). The railway network 

leverages Federated Learning for distributed AI implementation that enhances data security and precision of models 

(Gibson et al., 2023). Artificial intelligence and acoustic and light-based deterrents demonstrate potential to stop 

elephants from approaching railway tracks because GAN-generated distress calls paired with genetic algorithm-

optimized adaptive flashing lights have proven effective (Nandutu et al., 2022; King et al., 2020). 

 

4. Case Studies of AI in Wildlife Conservation 

Research from African and Indian territories illustrates how AI systems have become operational for railway safety 

advancement. Indian rail corridors employ YOLO-based models combined with motion sensors to detect elephants, 

subsequently decreasing train-elephant accidents (Sharma et al., 2023). Implementing IoT sensor data-based machine 

learning models has enabled them to create predictions about elephant crossing patterns, thereby generating early 

warnings for protective measures (Patel & Iyer, 2021). The African continent has seen elephant population 

surveillance advancements by combining AI drones and smart collar tracking devices with geofencing capability 

(Panetta et al., 2023). 

 
5. Challenges & Limitations of AI Implementation 

Despite its remarkable potential in this field, various difficulties still exist when using AI technology in wildlife 

conservation efforts. The quality of data processing input affects model accuracy because it requires high-resolution 

datasets and proper labeling (Brickson et al., 2023). Model interpretability issues prevent railway operators from 

trusting and using predictive outputs that AI produces (Oh et al., 2022). The occurrence of false alarms in detection 

systems causes vital operational delays because of train stops per protocol (Oh et al., 2022). The high deployment 

expenses for artificial intelligence systems create substantial obstacles primarily affecting developing regions (Moesif, 

2024). Sustainable AI funding models are essential for preserving long-term conservation efforts because Microsoft 

(2025) has highlighted their importance.  

 
The application of AI for wildlife conservation needs detailed evaluation of both environmental sustainability and 

ethical consequences that affect wildlife responses and the potential unfairness of algorithmic systems (Buolamwini 

& Gebru, 2018). 
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6. Future Directions in AI-Driven Wildlife Conservation 

The recent development of transformer-based deep learning models combined with quantum computing technology 

creates powerful tools to optimize railway safety operations according to Bidari et al. (2023) and Zhao et al. (2021). 

New legislative and policy developments aim to protect railway security and promote global AI-based conservation 

strategies per Alstom 2024 and Coastal Resilience 2024. Crystal-clear evidence shows that AI-powered railway safety 

systems are shifting toward protection of different endangered species including rhinos, deer, and tigers (Baker, 2024; 

Jong, 2023). The multi-species AI conservation system EarthRanger helps organizations monitor ecosystems live and 

makes decisions through data analysis (Wieler et al., 2023). 

 
Research results show that artificial intelligence solutions possess a substantial ability to decrease train collisions with 

elephants and make wildlife preservation more effective. AI surveillance systems, predictive models, and automated 

railway systems show proven effectiveness in lowering elephant deaths and enhancing railway performance. The 

commitment to sustainable AI adoption needs to solve present obstacles from data quantity problems, as well as 

interpretability, infrastructure, and moral dilemmas. Research must concentrate on developing AI models more 

precisely as well as extending conservation applications to various species and building collaborative networks 

between AI experts and conservationists alongside policymakers who share planned innovation projects for effective 

conservation. 

 

Summary of Key Findings Description 

AI-Driven Surveillance 

& Detection Systems 

AI-based surveillance, deep learning models, and computer vision enable real-time 

detection of elephants near railway tracks. CNNs, YOLO, and ResNet-50 improve 

elephant identification in drone and railway imagery (Mullick & Mandal, 2024; 

Singh et al., 2023). Thermal imaging and Edge AI computing enhance low-visibility 

detection (Bandara & Bandara, 2023; Panetta et al., 2023). 

Predictive AI & Machine 

Learning for Elephant 

Migration Forecasting 

Machine learning models using GPS, climate, and railway data forecast elephant 

migration. LSTM networks, Random Forest, and XGBoost improve movement 

predictions (Hamed et al., 2025; Rew, 2019). Bayesian Networks and 

Reinforcement Learning optimize train response to collision risks (Liu et al., 2021). 

Integration of Automatic 

Train Warning & 

Intervention Systems 

AI-powered train warning systems integrate CNN-RNN models to monitor 

elephants and adjust train speed. IoT-based alerts and Federated Learning improve 

conservation response (Bhutia et al., 2024; Gibson et al., 2023). AI deterrents, such 

as GAN-generated distress calls and adaptive flashing lights, prevent elephants from 

approaching tracks (Nandutu et al., 2022; King et al., 2020). 

Case Studies of AI in 

Wildlife Conservation 

In India, YOLO-based models and motion sensors reduce train-elephant collisions 

(Sharma et al., 2023). IoT sensor data enhances predictions of elephant crossings 

(Patel & Iyer, 2021). In Africa, AI drones and smart collars with geofencing improve 

elephant population monitoring (Panetta et al., 2023). 

Challenges & 

Limitations of AI 

Implementation 

AI conservation faces data quality issues, model interpretability problems, and false 

alarm challenges (Brickson et al., 2023; Oh et al., 2022). High costs in developing 

regions hinder implementation, requiring sustainable funding (Moesif, 2024; 

Microsoft, 2025). Ethical concerns include AI’s impact on wildlife behavior and 

bias in conservation efforts (Buolamwini & Gebru, 2018). 

Future Directions in AI-

Driven Wildlife 

Conservation 

Transformer models and quantum computing enhance AI-driven railway safety 

(Bidari et al., 2023; Zhao et al., 2021). Policy developments and international AI 

conservation strategies advance railway security and biodiversity protection 

(Alstom, 2024; Coastal Resilience, 2024). AI-powered railway safety now extends 

to protecting other endangered species (Baker, 2024; Jong, 2023). Platforms like 

EarthRanger enable real-time ecosystem monitoring (Wieler et al., 2023). 

10. FUTURE RESEARCH DIRECTIONS 
This review investigation generates multiple future study requirements which include: 

1. The research should improve the precision AI model and its widespread applicability. 

The effectiveness of YOLO and EfficientNet alongside LSTM models depends heavily on using high-quality training 

data for their detection and prediction tasks regarding elephant movements. Future investigators should work on 
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creating generalized AI models for diverse areas by combining satellite imagery data with acoustic signals and LiDAR 

data. According to Mullick & Mandal (2024), AI detection models can benefit from transfer learning methods when 

there are constraints on available data in particular geographical areas. 

 

2. AI models require development with explanatory and interpretable abilities. 

Implementing deep learning models in conservation faces significant obstacles because these models operate with 

unclear algorithms. Railway operators and conservationists may postpone adopting these methods because of their 

uninterpretable nature. XAI methods need future investigation because they enable stakeholders to understand and 

trust AI predictions (Oh et al., 2022). 

 

 

3. Expanding AI Applications for Cross-Species Conservation 

The AI models created for elephant conservation protection have proven capability to help safeguard multiple 

endangered species, including rhinos, together with deer, tigers, and similar wildlife species. Future conservation 

research needs to develop comprehensive AI solutions that provide simultaneous multi-species monitoring and 

predictive analysis and automated response capabilities for all wildlife populations (Jong, 2023; Wieler et al., 2023). 

 

4. Improving AI-Powered Early Warning Systems 

Alert systems powered by AI, which include IoT-based SMS notifications and railway intervention technologies, 

should undergo refinement to lower the occurrence of false alarms while achieving prompt responses. Future 

researchers must produce blended AI systems that link monitoring station data with animal behavior predictions to 

enhance the accuracy of warning detection (Gibson et al., 2023). 

 

5. Organizations can benefit from using Edge AI technology to perform time-sensitive conservation monitoring 

tasks. 

AI-based elephant detection systems currently depend on cloud computing mechanisms, yet these processes cause 

delays in the system's decisions. Active investigation in the field should study Edge AI computing since it enables on-

the-spot operations in drones, camera traps, and railway surveillance units to improve response speeds and operational 

productivity (Panetta et al., 2023). 

 

6. The analysis examines AI ethical aspects together with wildlife behavioral outcomes 

The use of AI surveillance, including drone monitoring and automated systems, creates behavioral effects on elephants 

whose consequences remain unanswered by scientists. Wildlife conservation ethics and sustainability require further 

study regarding the extended-term impacts of AI intervention on wildlife distress while monitoring their movements 

and ecological system behaviors (Bandara & Bandara, 2023). 

 

7. Policy frameworks require advancement alongside international AI collaboration initiatives. 

The widespread implementation of AI in conservation exists alongside minimal public policy structures that define 

AI ethics standards, guidelines for data sharing, and railway integration rules. Research efforts should concentrate on 

building AI conservation regulatory structures, international partnerships, and AI administration systems that maintain 

technological progress and protect ecosystems (Alstom 2024 and Coastal Resilience 2024). 

 

8. The journey into implementing Quantum Computing to enhance AI-Driven conservation practices occurs. 

AI applications in conservation will gain massive performance benefits from quantum computing as it optimizes 

complex predictive modeling procedures and simulation processes. The research community needs to study how 

quantum machine learning techniques can boost the operational speed of railway safety AI systems and conservation 

strategies focusing on various species (Zhao et al., 2021). 

 

9. Combining Artificial Intelligence systems with Indigenous knowledge improves conservation methods. 

Indigenous populations have accumulated a thorough understanding of elephant migratory behaviors and human 

contact with wildlife. AI models need development to combine traditional Indigenous knowledge with contemporary 

machine learning methods to build conservation practices that maintain cultural sensitivity (Hamed et al., 2025). 

 

 

https://doi.org/10.36713/epra0414


   EPRA International Journal of Environmental Economics, Commerce and Educational Management 
   Journal DOI: 10.36713/epra0414 |ISI I.F Value: 0.815|SJIF Impact Factor (2025): 8.57            ISSN: 2348 – 814X 

Volume: 12 | Issue:2 | February 2025 

 

---- 2025 EPRA ECEM     |     https://eprajournals.com/   |    Journal DOI URL: https://doi.org/10.36713/epra0414 ------93 

10. Research should focus on implementing AI-powered conservation technologies across developing 

geographic areas. 

The obstacles to AI implementation mainly stem from monetary constraints and technological impediments that affect 

developing nations. Research should concentrate on finding economical implementation methods for AI through the 

use of energy-efficient AI models, self-powered monitoring technology, and AI-as-a-service platforms, which will 

broaden deployment opportunities in areas with scarce resources (Moesif, 2024). 

 

Future AI investigations need to focus on rate improvement while extending programs to different species types and 

developing ethical standards and policy structures. Solving the existing research challenges will ensure the 

continuation of AI as a preventive technology against train-elephant impacts and wildlife conservation on a scale. 

 

11. CALL TO ACTION FOR COLLABORATIVE EFFORTS 
AI effectiveness for preventing elephant-train collisions requires close cooperation between various interested parties. 

The successful deployment of AI conservation solutions demands cooperation among researchers with 

conservationists, railway authorities, policymakers, and local communities. Different stakeholders form an essential 

component that guarantees AI-powered solutions remain useful at scale, maintain sustainable execution, and have 

proper ethical implementation. 

 

1. Interdisciplinary research along with artificial intelligence innovation needs proper strengthening. 

A successful detection system for elephants and migration predictions will be achieved when AI researchers unite 

forces with ecologists and data scientists to develop AI models that are both accurate and flexible, as well as easily 

interpretable. By progressing deep learning research, we can obtain more precise predictions while Bayesian networks 

and reinforcement learning algorithms receive more refinement for improved results by multiple data source 

integrations. The uninterrupted advancement of AI-based conservation requires research institutions and AI 

developers to create open-access data sharing networks and collaborative research initiatives (Mullick & Mandal, 

2024; Oh et al., 2022). 

 

2. Government institutions together with policy makers must provide increased support for conservation efforts 

enabled by artificial intelligence. 

Governments need to develop legislation and policies that control railway network AI implementation and procedures 

to secure proper AI utilization in wildlife preservation work. Public funding of AI pilot programs and tax benefits to 

embrace AI in conservation should be combined with enforced policies that protect wildlife from railway incidents. 

Creating regulations for AI governance establishes equilibrium between technological development and 

environmental defense (Alstom, 2024; Coastal Resilience, 2024). 

 

3. Expanding Public-Private Partnerships for Sustainable AI Deployment 

Private technological companies and railway operators need to allocate funds for implementing AI-based railway 

safety systems. A strategic partnership between AI startups and conservation NGOs joined by transportation 

companies allows for the development of scalable solutions, including integrating AI motion sensors with drone 

surveillance and Edge AI computing for real-time monitoring. Long-term funding will be possible through Corporate 

Social Responsibility (CSR) initiatives and the establishment of AI-for-good programs that will sustain financial 

resources (Microsoft, 2025; Moesif, 2024). 

 

4. AI solutions benefit from partnership with local community members and communities with endemic 

knowledge. 

Conservation programs for elephants need to incorporate local people and Indigenous groups because their knowledge 

about elephant dispersal behavior and human contacts with wildlife proves essential for effective practices. AI systems 

must employ community-provided information together with native regional intelligence to advance their predictions 

of elephant movements. Locally based AI conservation technology training sessions will give stakeholders the power 

to implement conservation strategies themselves while building participatory preservation initiatives (Hamed et al., 

2025). 

 

5. Establishing Global Conservation AI Collaborations 

International associations like the United Nations (UN), International Union for Conservation of Nature (IUCN), and 

World Wildlife Fund (WWF) need to establish programs for worldwide AI partnerships. A global Alliance for AI 
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Conservation will achieve three goals by sharing knowledge, funding inventive conservation research, and 

administering standardized approaches to defending elephants alongside all threatened wildlife species. 

 

Implementing AI systems between wildlife protection and railway safety operations creates revolutionary 

improvements toward lowering train-elephant interactions while preserving wildlife diversity. However, its success 

hinges on collective action from diverse stakeholders. Governments, together with research institutions, private 

enterprises, conservation organizations, and local communities, need to collaborate to implement sustainable 

conservation AI technologies through scale-up initiatives and address both infrastructure and ethical challenges. The 

alliance of world nations and academic disciplines through technologically innovative practices will allow AI to 

become a key factor in human-wildlife conflict. Combining technological knowledge and ecological protection 

through AI systems will reduce train-elephant collisions, which will secure the future of such magnificent animals. 

 

6. Conclusion & Recommendations 

Artificial intelligence (AI) delivery in wildlife management has emerged as a game-changing method to decrease 

train-related elephant accidents. AI surveillance technology has proved effective for railway safety through predictive 

analysis methods and automated intervention systems, which protect elephants thriving in their habitats. This review 

demonstrates the efficiency of AI-based detection technology through YOLO models and machine learning models 

for elephant tracking and AI management systems for train security. Evidence from India and Africa demonstrates 

how AI successfully prevents wildlife accidents while improving railway operational safety measures. 

 

AI brings valuable possibilities to wildlife safety, but the present implementation faces various essential issues with 

the quality of information, model readability, and system challenges, alongside funding and technical capacity issues. 

Implementing AI in conservation requires solving ethical problems involving wilderness ecosystem effects and 

analyzing algorithm-based prejudice to achieve responsible AI applications. Standardized international policies and 

global cooperation remain vital to large-scale deployment of AI solutions because these elements remain inadequately 

established. 

 

The complete exploitation of AI capabilities demands extensive participation among different stakeholders across 

disciplines. All parties, including governments and AI researchers, railway authorities, conservationists, and local 

communities, need to work jointly to achieve better AI-based conservation strategies that will endure over time while 

maintaining responsible practices for widespread adoption. 

 

Recommendations 

Different strategic recommendations need to be prioritized to achieve the maximum impact of AI systems on train-

elephant prevention and wildlife conservation progress. 

 

The advancement of AI models together with their operational accuracy 

The essential requirement for developing effective AI models is their ability to recognize patterns in elephant behavior 

throughout various natural habitats. Multimodal datasets that combine satellite imagery with acoustic signals, LiDAR 

data, and IoT sensor inputs need investigation for future research since they can boost AI model performance, 

according to Mullick and Mandal (2024). The creation of explainable AI (XAI) frameworks becomes essential because 

it will make AI-generated predictions more transparent for railway operators and conservationists to understand and 

trust (Oh et al., 2022). A combination of transfer learning techniques with federated learning methods allows AI 

models to process various ecological databases in a private and scalable way across railway networks and conservation 

sites (Gibson et al., 2023). 

 

Strengthening Policy & Regulatory Frameworks 

Implementing AI-based conservation methods needs clear laws and policies, which will guarantee compliance with 

moral decision-making and regulations. National and international governments need to create AI governance policies 

specifically for railway safety and wildlife conservation, which resolve privacy matters, AI transparency, and model 

discrimination issues (Alstom, 2024). Government entities must establish wildlife-friendly railway standards requiring 

AI-based warning and detection systems in risky railway zones to decrease elephant railway fatalities (Coastal 

Resilience, 2024). Standardized procedures for AI data sharing need development to enable smooth collaboration 

between conservation groups, railway authorities, and investigatory teams for international AI system implementation 

(Microsoft, 2025). 
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Increasing Financial & Infrastructure Support for AI Adoption 

To successfully deploy AI-powered railway safety solutions, financial resources and proper infrastructure must be 

provided. Developing regions should use public-private partnerships to support Projects in railway safety using AI 

technologies because they face financial barriers when adopting new technologies (Moesif, 2024). International 

organizations alongside governments must develop financial support for effective AI solutions that use solar power to 

detect elephants immediately and Edge AI technology for real-time train safety operations without adding substantial 

expenses (Panetta et al., 2023). The adoption of AI-based conservation technologies for railway safety needs 

encouragement through corporate social responsibility (CSR) programs that technology corporations and railway 

companies should implement in their sustainability commitments (Hamed et al., 2025). 

 

Expanding AI Applications for Multi-Species Conservation 

Hundreds of endangered species stand to benefit from AI technology that reduces train-elephant crashes since this 

approach demonstrates effectiveness in safeguarding various threatened animal species when they encounter similar 

risks. AI-powered railway safety solutions need adaptation to protect rhinos along with tigers and deer to increase 

protection of wildlife in railway expansion areas (Jong, 2023). Through the development of EarthRanger and similar 

multi-species AI conservation platforms conservationists will receive real-time ecosystem monitoring abilities which 

allows them to keep track of multiple species while evaluating habitat health and deploying AI-based conservation 

initiatives across broader areas (Wieler et al., 2023). 

 

Enhancing Collaboration & Community Engagement 

Long-term success of AI-driven conservation depends on forming strategic partnerships between scientists and 

policymakers who work together with community members. AI researchers together with conservationists need to 

collaborate with indigenous groups to add traditional ecological knowledge to their AI conservation systems so 

predictions about animal movements alongside conflict prevention measures can become more precise (Hamed et al., 

2025). A training framework must be introduced to teach both railway staff members and local conservationists about 

performing wildlife surveillance through AI methods to promote effective deployment of AI solutions. International 

AI collaborations should continue developing through partnerships at the United Nations (UN) and International 

Union for Conservation of Nature (IUCN) along with World Wildlife Fund (WWF) to facilitate ethical and scalable 

AI innovation in various conservation initiatives. The implementation of these guidelines will enhance AI wildlife 

protection initiatives and ensure ethical management of funds that sustain long-term protection for both elephants 

along with threatened species and generate better rail safety and minimize cross-species conflict scenarios. 
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