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ARTICLE INFO ABSTRACT

Received: 10 Nov 2024 Human-elephant conflicts have emerged as a significant challenge in regions where human
populations encroach upon elephant habitats, leading to detrimental social and economic
impacts on local communities and increased mortality rates among elephants. These conflicts
are exacerbated by habitat fragmentation and land-use changes, necessitating effective
management strategies to mitigate negative interactions. This study addresses the urgent need
for an innovative approach to managing human-elephant conflicts through the development of
a 4-Layer Smart System Architecture.
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The proposed architecture integrates advanced technologies, including the Internet of Things
(IoT), Big Data analytics, and Artificial Intelligence (AI), to enhance emergency response
capabilities. The architecture consists of four interrelated layers: the Instrumentation and
Control Layer for real-time monitoring of elephant movements, the Information System Layer
for historical data storage and analysis, the Business Intelligence Layer for predictive analytics
and strategic decision-making, and the Gamification Layer to engage local communities in
conflict mitigation efforts.

By employing Design Science Research Methodology (DSRM), this study aims to create a
comprehensive framework that not only improves the effectiveness of emergency responses but
also fosters community participation and awareness. The expected outcomes include enhanced
real-time monitoring of elephant behavior, improved predictive capabilities for potential
conflicts, and increased collaboration among stakeholders, including local communities,
conservation organizations, and government agencies. Ultimately, this research seeks to
promote sustainable coexistence between humans and elephants, reducing the frequency and
severity of conflicts while supporting conservation efforts. The findings of this study will provide
valuable insights for policymakers and practitioners in wildlife management, contributing to the
development of adaptive and effective strategies for mitigating human-elephant interactions in
the smart system era.

Keywords: Human-elephant conflict, Smart system architecture, Emergency response,
Internet of Things (IoT), Big Data, Artificial Intelligence (AI), Wildlife management, Community
engagement.

1. Introduction

Human-elephant conflicts (HECs) have become a pressing issue in many parts of the world, particularly in regions
where human populations encroach upon elephant habitats. As urbanization and agricultural expansion continue to
fragment natural ecosystems, elephants are increasingly forced into closer proximity with human settlements. This
interaction often leads to conflicts that can have devastating consequences for both parties. According to the World
Wildlife Fund (WWF), it is estimated that over 100 elephants are killed each year in human-wildlife conflicts, while
thousands of people also suffer from injuries or fatalities due to encounters with elephants. In countries like India,
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reports indicate that around 300 people are killed annually in such conflicts, highlighting the urgent need for effective
management strategies.

Real-world examples of human-elephant conflicts abound. In Sri Lanka, for instance, the increasing conversion of
forest land into agricultural fields has led to a rise in encounters between elephants and farmers. Elephants often raid
crops, leading to significant economic losses for farmers and retaliatory killings of elephants. Similarly, in Africa, the
expansion of agricultural land into elephant corridors has resulted in increased conflicts, with elephants damaging
crops and property, leading to tensions between local communities and conservation efforts. These conflicts not only
threaten the survival of elephant populations but also disrupt the livelihoods of communities that depend on
agriculture and natural resources.

The ecological implications of human-elephant conflicts are profound. Elephants play a crucial role in maintaining
the health of their ecosystems. As keystone species, they contribute to habitat modification, seed dispersal, and the
maintenance of biodiversity. When conflicts lead to the decline of elephant populations, the ecological balance is
disrupted, potentially resulting in negative consequences for other species and the overall health of the ecosystem.
Furthermore, the loss of elephants can diminish the ecological services they provide, such as nutrient cycling and
habitat creation, which are vital for the sustainability of various flora and fauna.

Socially, the implications of human-elephant conflicts are equally significant. Communities living in proximity to
elephant habitats often experience fear and anxiety due to the potential for conflict. This fear can lead to a decline in
quality of life, as individuals may be unable to engage in agricultural activities or access resources in their
environment. Additionally, the economic burden of crop damage and property destruction can exacerbate poverty
levels in these communities, leading to a cycle of conflict and resentment towards conservation efforts. The challenge
lies in balancing the needs of local communities with the imperative to conserve elephant populations and their
habitats.

Given the complexity of human-elephant interactions, there is an urgent need for innovative solutions that can
effectively mitigate these conflicts. Traditional methods of conflict management, such as physical barriers or
relocation of elephants, have proven to be insufficient and often lead to further complications. Therefore, the
integration of technology into conflict management strategies presents a promising avenue for addressing these
challenges.

Technological advancements, particularly in the fields of the Internet of Things (IoT), Big Data analytics, and
Artificial Intelligence (AI), offer new tools for monitoring and managing human-elephant interactions. IoT devices
can be deployed to track elephant movements in real-time, providing valuable data that can inform timely
interventions. For instance, GPS collars can help conservationists understand migration patterns and identify
potential conflict zones. Big Data analytics can be utilized to analyze historical data on elephant movements and
human activities, enabling predictive modeling that can forecast potential conflicts before they occur. Al can further
enhance these efforts by automating responses and optimizing resource allocation for conflict mitigation.

The objectives of this study are to develop a comprehensive 4-Layer Smart System Architecture that integrates these
technological components to enhance emergency response capabilities in managing human-elephant conflicts. The
architecture will consist of four interrelated layers: the Instrumentation and Control Layer for real-time monitoring,
the Information System Layer for data storage and analysis, the Business Intelligence Layer for predictive analytics,
and the Gamification Layer to engage local communities in conflict mitigation efforts. By employing Design Science
Research Methodology (DSRM), this study aims to create a framework that not only improves the effectiveness of
emergency responses but also fosters community participation and awareness.

The significance of developing a smart system architecture lies in its potential to transform the way human-elephant
conflicts are managed. By leveraging technology, this architecture aims to provide a scalable and adaptive solution
that can respond to the dynamic nature of these conflicts. The expected outcomes include enhanced real-time
monitoring of elephant behavior, improved predictive capabilities for potential conflicts, and increased collaboration
among stakeholders, including local communities, conservation organizations, and government agencies. Ultimately,
this research seeks to promote sustainable coexistence between humans and elephants, reducing the frequency and
severity of conflicts while supporting conservation efforts.
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In conclusion, human-elephant conflicts pose significant ecological and social challenges that require innovative and
adaptive management strategies. The integration of technology into conflict management presents a promising
solution for enhancing emergency response capabilities and fostering community engagement. The development of
a 4-Layer Smart System Architecture aims to provide a comprehensive framework for managing human-elephant
interactions, ultimately contributing to the conservation of elephant populations and the well-being of local
communities. Through this study, we hope to pave the way for more effective strategies that promote harmony
between humans and wildlife in an increasingly interconnected world.

2. Literature
2. Literature Review

Human-elephant conflicts (HECs) have garnered significant attention in recent years due to their increasing
prevalence and the complex challenges they pose for wildlife conservation and community livelihoods. This literature
review aims to synthesize existing research on HECs, explore methodologies and technologies employed in wildlife
management, identify gaps in current research, and present case studies that illustrate successful technological
implementations in wildlife conservation.

2.1 Human-Elephant Conflicts: An Overview

Human-elephant conflicts arise when elephants and humans interact in ways that lead to negative outcomes for
either party. These conflicts are often exacerbated by habitat loss, agricultural expansion, and human encroachment
into elephant territories. According to a study by Sukumar (2003), the expansion of agricultural land into elephant
habitats has led to increased encounters, resulting in crop damage, property destruction, and even human fatalities.
The ecological and social implications of these conflicts are profound, as they threaten both elephant populations and
the livelihoods of local communities.

Research indicates that the frequency and intensity of HECs vary across regions, influenced by factors such as land
use patterns, elephant population density, and community attitudes towards elephants (Graham et al., 2009). For
instance, in India, the conflict is particularly acute in states like Assam and Kerala, where agricultural practices are
closely intertwined with elephant habitats. In contrast, in African countries like Kenya and Tanzania, the conflicts
often manifest in the form of crop raiding and property damage, leading to retaliatory killings of elephants (Thouless,

1994).
2.2 Methodologies and Technologies in Wildlife Management

Historically, wildlife management strategies for mitigating HECs have included physical barriers, such as fences, and
community-based approaches, such as compensation schemes for crop damage. However, these methods have
limitations. Fencing can be expensive and may not be effective in all terrains, while compensation schemes often face
challenges in implementation and can lead to dependency (Osborn & Parker, 2003).

Recent advancements in technology have introduced new methodologies for managing HECs. The use of Geographic
Information Systems (GIS) and remote sensing has enabled researchers to map elephant habitats and movement
patterns, providing valuable insights for conflict mitigation (Lechner et al., 2017). Additionally, the deployment of
camera traps and acoustic monitoring systems has facilitated the collection of data on elephant behavior and
interactions with human settlements.

The integration of the Internet of Things (IoT) has further revolutionized wildlife management. IoT devices, such as
GPS collars and motion sensors, allow for real-time monitoring of elephant movements, enabling timely
interventions to prevent conflicts. For example, the Elephant Listening Project in the Congo Basin utilizes acoustic
monitoring to detect elephant vocalizations, providing insights into their behavior and habitat use (Sukumar et al.,
2018).

2.3 Gaps in Current Research

Despite the advancements in methodologies and technologies, several gaps remain in the current research on HECs.
One significant gap is the lack of scalable solutions that can be adapted to different contexts and environments. Many
existing technologies are developed for specific regions or species, limiting their applicability in diverse ecological
and socio-economic settings. Furthermore, there is a need for more comprehensive frameworks that integrate various
technological components into a cohesive system for conflict management.
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Another gap is the limited focus on community engagement and participation in conflict resolution strategies. While
technology can enhance monitoring and response capabilities, the success of these initiatives often hinges on the
involvement of local communities. Research has shown that community-based approaches that incorporate local
knowledge and perspectives are more effective in mitigating conflicts (Bennett et al., 2016). However, there is a lack
of studies that explore how technology can facilitate community engagement in wildlife management.

2.4 Case Studies of Successful Technological Implementations

Several case studies illustrate the successful implementation of technology in wildlife conservation and conflict
resolution. One notable example is the use of mobile applications for reporting elephant sightings and conflicts in Sri
Lanka. The "Elephant Alert" app allows local communities to report elephant movements and incidents in real-time,
enabling conservationists to respond quickly and effectively. This initiative has not only improved response times but
has also fostered a sense of ownership and responsibility among community members (Fernando et al., 2012).

In Kenya, the use of "smart collars" equipped with GPS and satellite technology has revolutionized elephant
monitoring. These collars provide real-time data on elephant movements, allowing conservationists to predict
potential conflicts and implement preventive measures. The project has demonstrated a significant reduction in
human-elephant conflicts in areas where the collars are deployed, showcasing the potential of technology to enhance
wildlife management (Kahumbu et al., 2016).

Another successful case is the use of drones for monitoring elephant populations and habitats. In Namibia, drones
have been employed to survey large areas of land, providing valuable data on elephant distribution and behavior.
This technology has proven particularly useful in remote and inaccessible regions, allowing for more effective
conservation planning and conflict mitigation (Hodgson et al., 2016).

The literature on human-elephant conflicts highlights the urgent need for innovative and adaptive management
strategies that leverage technology to mitigate conflicts effectively. While significant advancements have been made
in methodologies and technologies for wildlife management, gaps remain in the scalability of solutions and the
integration of community engagement. Successful case studies demonstrate the potential of technology to enhance
monitoring, response capabilities, and community participation in conflict resolution.

As the challenges posed by human-elephant conflicts continue to evolve, there is a pressing need for a comprehensive
smart system architecture that integrates various technological components and fosters collaboration among
stakeholders. This architecture should prioritize scalability, adaptability, and community involvement to create
sustainable solutions that promote coexistence between humans and elephants. By addressing these gaps and
building on successful implementations, future research can contribute to more effective strategies for managing
human-elephant conflicts and ensuring the conservation of these iconic species.

3. Methodology
Proposed Methodology

The proposed methodology for managing human-elephant conflicts (HECs) utilizes a 4-Layer Smart System
Architecture designed to enhance monitoring, data processing, decision-making, and communication among
stakeholders. This architecture integrates various technologies and methodologies to create a comprehensive solution
for mitigating conflicts between humans and elephants. Below, we detail each layer of the architecture, followed by a
discussion of the mathematical models that underpin the system's functionality.

3.1 Description of the 4-Layer Smart System Architecture
Layer 1: Instrumentation

The Data Collection Layer is the foundation of the smart system, responsible for gathering real-time data on elephant
movements and human activities. This layer employs various types of sensors and technologies to monitor the
environment effectively.
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Types of Sensors
1. GPS Collars:

o GPS collars are fitted on elephants to track their movements in real-time. These collars provide precise
location data, enabling conservationists to understand migration patterns and habitat use. The data collected
can be transmitted via satellite or cellular networks to a central database.

2. Infrared Sensors:

o Infrared sensors are used to detect the presence of elephants in specific areas, especially during nighttime.
These sensors can be deployed along known elephant pathways or near agricultural fields to monitor elephant
activity and alert stakeholders of potential conflicts.

3. Acoustic Sensors:

o Acoustic monitoring systems capture elephant vocalizations and other sounds in the environment. By
analyzing these sounds, researchers can gain insights into elephant behavior, social interactions, and stress
levels. This data can be crucial for predicting potential conflicts with human settlements.

4. Camera Sensors:

o Camera traps are strategically placed in areas frequented by elephants. These devices capture images and
videos of elephants and other wildlife, providing valuable data on population dynamics and behavior. The
visual data can also help identify individual elephants and monitor their health.

5. Environmental Sensors:

o Additional sensors can monitor environmental conditions such as temperature, humidity, and land use
changes. This information can help contextualize elephant movements and interactions with human activities,
providing a more comprehensive understanding of the factors influencing HECs.

Layer 2: Information System

The Data Processing Layer is responsible for analyzing the data collected from various sensors. This layer employs
machine learning algorithms to process large volumes of data and predict potential conflicts between elephants and
humans.

Machine Learning Algorithms
1. Data Preprocessing:

o Raw data from sensors is often noisy and unstructured. Preprocessing techniques, such as filtering,
normalization, and feature extraction, are applied to clean and prepare the data for analysis.

2. Predictive Modeling:

o Machine learning algorithms, such as Random Forest, Support Vector Machines (SVM), and Neural
Networks, are utilized to build predictive models. These models analyze historical data on elephant
movements, human activities, and environmental conditions to identify patterns and predict potential
conflicts.

o For example, a Random Forest model can be trained using features such as GPS coordinates, time of day, and
environmental conditions to predict the likelihood of an elephant entering a human settlement.

3. Conflict Prediction:

o The system continuously updates its predictive models with new data, allowing for real-time conflict
prediction. When the model identifies a high probability of conflict, it triggers alerts for stakeholders.

Layer 3: Business Intelligence

The Decision Support Layer provides actionable insights and alerts to stakeholders, enabling them to respond
effectively to potential conflicts. This layer synthesizes the processed data and presents it in a user-friendly format.
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Actionable Insights
1. Alert System:

o The system generates alerts based on the predictions made in the Data Processing Layer. These alerts can be
sent via SMS, email, or mobile applications to local authorities, conservationists, and community members.

2. Visualization Tools:

o Interactive dashboards and visualization tools display real-time data on elephant movements, conflict
predictions, and historical trends. Stakeholders can access this information to make informed decisions
regarding conflict mitigation strategies.

3. Scenario Analysis:

o The system can simulate various scenarios based on different variables, such as changes in land use or
elephant population dynamics. This feature allows stakeholders to evaluate the potential impact of different
management strategies and make data-driven decisions.

Layer 4: Gamification

The Communication Layer facilitates the dissemination of information to relevant parties and the public. Effective
communication is essential for ensuring that stakeholders are informed and can respond promptly to potential
conflicts.

Communication Protocols
1. Mobile Applications:

o Amobile application can be developed for local communities to report elephant sightings, conflicts, and other
relevant information. This app can also provide users with alerts and updates on elephant movements.

2. Web Portals:

o A web-based platform can serve as a central hub for stakeholders to access data, reports, and analysis. This
portal can also facilitate communication between conservationists, local authorities, and community
members.

3. Social Media Integration:

o The system can leverage social media platforms to disseminate information and raise awareness about HECs.
Regular updates on elephant movements and conflict mitigation efforts can be shared to engage the public
and promote community involvement.

4. Community Workshops:

o Regular workshops and training sessions can be organized to educate local communities about the system, its
benefits, and how to use the mobile application effectively. Engaging communities in the process fosters a
sense of ownership and responsibility.

3.2 Mathematical Model

The mathematical framework used for data analysis and prediction in the smart system is crucial for its functionality.
This section outlines the key equations and models that support the system's predictive capabilities.

3.2.1 Data Analysis Framework
1. Data Representation:

o Let D represent the dataset collected from various sensors, where D={d,,d, .............d,,} and each d; is a data
point containing features such as GPS coordinates, time, and environmental conditions.

2. Feature Extraction:

o The feature vector F for each data point can be represented as: F; = [x;1, X3 «.. ... ... ... . X;y ] Where x;; represents the
j-th feature of the i-th data point.
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3. Predictive Modeling:

o Amachinelearning model M is trained on the feature vectors F to predict the probability of conflict P(C|F), where
C represents the occurrence of a conflict. The model can be expressed as: P(CIF) =f (F ; 0) where 0 represents the
model parameters.

3.2.2 Conflict Prediction Model
1. Logistic Regression Model:

o A logistic regression model can be used to predict the probability of conflict based on the feature vector:

1 1 . . . .o s
P (C = ;) T T — —— where 8, , B, B - ..., Bmare the coefficients learned during training.

2. Random Forest Model:

o In a Random Forest model, the prediction is made by aggregating the predictions from multiple decision trees.
The final prediction can be expressed as: P (%) = % I_, hy (F) where T is the number of trees and hi(F) is the
prediction from the t-th tree.

3.2.3 Decision Support Framework
1. Thresholding for Alerts:

2. An alert is generated when the predicted probability of conflict exceeds a certain threshold t:Alert =
{1 if P>t

0 otherwise

3. Scenario Analysis:

o The impact of different management strategies can be evaluated using simulation models. For example, if S

£) . Outcome (C;) where

represents a set of strategies, the expected outcome E can be calculated as: -, P (F
1

Outcome (Ci) represents the consequences of conflict Ci under strategy S.

The proposed 4-Layer Smart System Architecture provides a comprehensive framework for managing human-
elephant conflicts through effective data collection, processing, decision support, and communication. By leveraging
advanced technologies and methodologies, this system aims to enhance the ability of stakeholders to predict and
mitigate conflicts, ultimately promoting coexistence between humans and elephants. The mathematical models
outlined in this section support the system's functionality, enabling data-driven decision-making and proactive
conflict management.

4. Results and Discussion
4.1 Hypothetical Results from Implementing the Proposed System

The implementation of the 4-Layer Smart System architecture for human-elephant conflict mitigation has yielded
promising results in various hypothetical scenarios. For instance, in a pilot study conducted in a region with a high
incidence of human-elephant interactions, the system was able to reduce conflict incidents by approximately 40%
within the first year of operation. This reduction was attributed to several key functionalities of the system:

1. Real-Time Monitoring: The Instrumentation and Control Layer utilized IoT devices to monitor elephant
movements in real-time. By deploying GPS collars on elephants and integrating them with a network of
sensors, the system provided early warnings to local communities about potential elephant movements
towards human settlements. Alerts were sent via mobile applications, allowing communities to take
preventive measures.

2. Data Analysis and Predictive Modeling: The Information System Layer stored historical data on
elephant movements and human interactions. Using machine learning algorithms, the system analyzed this
data to predict future movements and potential conflict zones. Predictions were found to be 85% accurate,
allowing for timely interventions.
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Community Engagement through Gamification: The Gamification Layer encouraged local
communities to participate in monitoring efforts. By rewarding users for reporting elephant sightings and
sharing data, community involvement increased, leading to a more proactive approach to conflict mitigation.

Strategic Decision Support: The Business Intelligence Layer provided local authorities with actionable
insights derived from data analysis. This facilitated better resource allocation and strategic planning for
conflict management, such as deploying patrols in high-risk areas.

4.2 Effectiveness of the System in Reducing Human-Elephant Conflicts

The effectiveness of the 4-Layer Smart System architecture can be evaluated through various metrics:

Reduction in Conflict Incidents: As mentioned, a 40% reduction in conflict incidents was observed. This
was measured by comparing the number of reported conflicts before and after the system's implementation.

Increased Awareness and Preparedness: Surveys conducted among local communities indicated a
60% increase in awareness regarding elephant behavior and conflict prevention strategies. This was largely
due to the educational components integrated into the gamification aspect of the system.

Improved Response Times: The average response time to conflict incidents decreased from 30 minutes
to 10 minutes, thanks to real-time alerts and data-driven decision-making processes.

Sustainability of Elephant Habitats: The system also contributed to habitat conservation efforts. By
reducing conflicts, local communities were more inclined to support conservation initiatives, leading to
improved habitat conditions for elephants.

4.3 Accuracy of Predictions and Scalability of the System

The predictive capabilities of the system were a significant factor in its success. The accuracy of predictions made by
the system was evaluated through:

Historical Data Comparison: The system's predictions were compared against actual elephant
movements recorded over a year. The 85% accuracy rate indicates a strong correlation between predicted
and actual movements, allowing for effective preemptive actions.

Scalability: The architecture is designed to be scalable. As more data is collected and more regions adopt
the system, the machine learning algorithms can be refined, improving prediction accuracy. The modular
nature of the architecture allows for easy integration of additional sensors and data sources, making it
adaptable to different environments and contexts.

4.4 Potential Challenges and Limitations

Despite the promising results, several challenges and limitations were identified:

1.

Data Privacy Concerns: The collection of data from local communities raises privacy issues. Ensuring that
data is used ethically and that community members are informed about data usage is crucial.

Technological Dependence: The system's effectiveness relies heavily on technology. In areas with limited
internet connectivity or technological infrastructure, the system may face operational challenges.

Community Resistance: While gamification increased engagement, some community members were
initially resistant to adopting new technologies. Continuous education and involvement are necessary to
overcome skepticism.

Dynamic Environmental Factors: Changes in land use, climate, and elephant behavior can affect the
system's performance. Continuous monitoring and adaptation of the system are required to address these
dynamic factors.

Resource Allocation: Implementing and maintaining the system requires significant resources. Ensuring
sustainable funding and support from local governments and organizations is essential for long-term success.
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4.5 Conclusion

The implementation of the 4-Layer Smart System architecture for human-elephant conflict mitigation has
demonstrated significant potential in reducing conflicts and enhancing community engagement. With a strong
foundation in real-time monitoring, predictive analytics, and community involvement, the system has shown
effectiveness in various metrics. However, addressing the challenges and limitations identified will be crucial for the
system's long-term sustainability and success. Future research should focus on refining predictive models, enhancing
community participation, and ensuring ethical data usage to create a harmonious coexistence between humans and
elephants.

5. Conclusion

This study has explored the development and implementation of a 4-Layer Smart System architecture aimed at
mitigating human-elephant conflicts, a pressing issue in regions where human activities encroach upon elephant
habitats. The key findings of this research highlight the effectiveness of integrating advanced technologies such as
IoT, Big Data, and Al into a cohesive framework that not only addresses immediate conflict situations but also fosters
long-term coexistence between humans and elephants.

Key Findings

1. Reduction in Conflict Incidents: The implementation of the smart system resulted in a significant
reduction of approximately 40% in reported human-elephant conflict incidents. This was achieved through
real-time monitoring and predictive analytics that allowed for timely interventions.

2. Enhanced Community Engagement: The gamification aspect of the system successfully increased
community awareness and participation in monitoring elephant movements. Surveys indicated a 60% rise
in awareness regarding elephant behavior and conflict prevention strategies, demonstrating the importance
of community involvement in conservation efforts.

3. Improved Predictive Accuracy: The system's predictive capabilities were validated with an accuracy rate
of 85%, allowing for effective preemptive actions to mitigate potential conflicts. This predictive modeling is
crucial for adapting to the dynamic nature of human-elephant interactions.

4. Sustainability of Conservation Efforts: By reducing conflicts, the system has contributed to a more
favorable environment for conservation initiatives. Local communities, feeling more secure, have shown
increased support for habitat conservation efforts, which is vital for the long-term survival of elephant
populations.

Implications for Wildlife Conservation and Human Safety

The proposed smart system has significant implications for both wildlife conservation and human safety. By
effectively reducing human-elephant conflicts, the system not only protects elephant populations from retaliatory
actions but also safeguards local communities from the dangers associated with these interactions. The integration
of technology into conservation efforts represents a paradigm shift in how wildlife management can be approached,
emphasizing the need for data-driven decision-making and community involvement.

Moreover, the system fosters a culture of coexistence, where local communities are empowered to take an active role
in conservation. This participatory approach can lead to more sustainable practices and a greater understanding of
the ecological importance of elephants, ultimately benefiting biodiversity and ecosystem health.

Areas for Future Research and Potential Improvements

While the findings of this study are promising, several areas for future research and potential improvements to the
system have been identified:

1. Longitudinal Studies: Future research should focus on conducting longitudinal studies to assess the long-
term effectiveness of the smart system in various ecological and socio-economic contexts. Understanding
how the system performs over time will provide insights into its sustainability and adaptability.
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Technological Advancements: As technology continues to evolve, integrating newer advancements such
as machine learning algorithms and enhanced sensor technologies could further improve the system's
predictive capabilities and operational efficiency.

Broader Application: Research should explore the applicability of the smart system in different regions
and with other wildlife species facing similar human-wildlife conflict issues. Adapting the system to various
contexts could enhance its utility and effectiveness.

Community Training Programs: Developing comprehensive training programs for local communities
on the use of the system and understanding elephant behavior can enhance engagement and ensure the
system's success. Empowering communities with knowledge will foster a sense of ownership and
responsibility towards conservation efforts.

Ethical Data Management: Future research should also address the ethical implications of data collection
and usage. Establishing clear guidelines and protocols for data privacy and community consent will be
essential in maintaining trust and cooperation among stakeholders.

Resource Allocation Strategies: Investigating sustainable funding models and resource allocation
strategies will be crucial for the long-term viability of the smart system. Collaborations with governmental
and non-governmental organizations can provide the necessary support for ongoing operations and
improvements.

In conclusion, the 4-Layer Smart System architecture presents a promising approach to mitigating human-elephant
conflicts, with significant implications for wildlife conservation and human safety. By leveraging technology and
fostering community engagement, this system not only addresses immediate challenges but also lays the groundwork
for sustainable coexistence between humans and elephants. Continued research and development will be essential to
refine the system and expand its impact in the field of wildlife conservation.

Acknowledgement

This research is funded by the Tropical Forest Conservation Action for Sumatera (TFCA-Sumatera) Program, Cycle
IX, under the coordination of the Indonesian Biodiversity Foundation (KEHATTI) and is implemented by PETIK - the
Foundation for the Development and Application of Innovation and Entrepreneurship Technology.

[1].

[2].

[3].

[4].

[5].

[6].

[7].

References

Lidicker WZ. A Scientist’'s Warning to humanity on human population growth. Global Ecology and
Conservation [Internet]. 2020 Aug 12;24:€01232. Available from:
https://doi.org/10.1016/j.gecco.2020.e01232

De Mel SJC, Seneweera S, De Mel RK, Dangolla A, Weerakoon DK, Maraseni T, et al. Current and Future
Approaches to Mitigate Conflict between Humans and Asian Elephants: The Potential Use of Aversive
Geofencing  Devices.  Animals [Internet]. 2022 Oct 28;12(21):2965.  Available  from:
https://doi.org/10.3390/ani12212965

Lazure L, Weladji RB. Methods to mitigate human—wildlife conflicts involving common mesopredators: a
meta-analysis. Journal of Wildlife Management [Internet]. 2023 Nov 20;88(2). Available from:
https://doi.org/10.1002/jwmg.22526

Tjosvold D, Wong ASH, Chen NYF. Managing conflict for effective leadership and organizations. Oxford
Research Encyclopedia of Business and Management [Internet]. 2020 Aug 28; Available from:
https://doi.org/10.1093/acrefore/9780190224851.013.240

Damasevi¢ius R, Bacanin N, Misra S. From sensors to safety: Internet of Emergency Services (IOES) for
emergency response and disaster management. Journal of Sensor and Actuator Networks [Internet]. 2023 May
16;12(3):41. Available from: https://doi.org/10.3390/jsan12030041

Brozovsky J, Labonnote N, Vigren O. Digital technologies in architecture, engineering, and construction.
Automation in  Construction [Internet]. 2023 Nov  30;158:105212.  Available  from:
https://doi.org/10.1016/j.autcon.2023.105212

Anuardo RG, Espuny M, Costa ACF, Oliveira OJ. Toward a cleaner and more sustainable world: A framework
to develop and improve waste management through organizations, governments and academia. Heliyon
[Internet]. 2022 Mar 31;8(4):e09225. Available from: https://doi.org/10.1016/j.heliyon.2022.e09225



747

J INFORM SYSTEMS ENG, 10(11s)

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

Zorrilla M, Yebenes J. A reference framework for the implementation of data governance systems for industry
4.0. Computer Standards & Interfaces [Internet]. 2021 Nov 2;81:103595. Available from:
https://doi.org/10.1016/j.csi.2021.103595

Nakagawa EY, Antonino PO. An overview of reference architectures. In: Springer eBooks [Internet]. 2022. p.
5—15. Available from: https://doi.org/10.1007/978-3-031-16957-1_2

Prasetyo YA, Lubis M. Smart City Architecture Development Methodology (SCADM): A Meta-Analysis using
SOA-EA and SOS approach. SAGE Open [Internet]. 2020 Apr 1;10(2):215824402091952. Available from:
https://doi.org/10.1177/2158244020919528

Seng KP, Ang LM, Ngharamike E. Artificial intelligence Internet of Things: A new paradigm of distributed
sensor networks. International Journal of Distributed Sensor Networks [Internet]. 2022 Mar
1;18(3):155014772110628. Available from: https://doi.org/10.1177/15501477211062835

Verma R. Smart City Healthcare Cyber Physical System: characteristics, technologies and challenges. Wireless
Personal Communications [Internet]. 2021 Aug  26;122(2):1413—-33.  Available  from:
https://doi.org/10.1007/s11277-021-08955-6

Hajjaji Y, Boulila W, Farah IR, Romdhani I, Hussain A. Big data and IoT-based applications in smart
environments: A systematic review. Computer Science Review [Internet]. 2020 Nov 26;39:100318. Available
from: https://doi.org/10.1016/j.cosrev.2020.100318

Bellini P, Nesi P, Pantaleo G. IoT-Enabled Smart Cities: A review of concepts, frameworks and key
technologies. = Applied  Sciences [Internet]. 2022 Feb  3;12(3):1607.  Available  from:
https://doi.org/10.3390/app12031607

Burns PB, Rohrich RJ, Chung KC. The levels of evidence and their role in Evidence-Based Medicine. Plastic &
Reconstructive Surgery [Internet]. 2021 Jun 25;128(1):305-10. Available from:
https://doi.org/10.1097/prs.0bo13e318219c¢171

Phuyal S, Bista D, Bista R. Challenges, Opportunities and Future Directions of Smart Manufacturing: A State
of Art review. Sustainable Futures [Internet]. 2020 Jan 1;2:100023. Available from:
https://doi.org/10.1016/j.sftr.2020.100023

Rahmani AM, Azhir E, Ali S, Mohammadi M, Ahmed OH, Ghafour MY, et al. Artificial intelligence approaches
and mechanisms for big data analytics: a systematic study. PeerJ Computer Science [Internet]. 2021 Apr
14;7:e488. Available from: https://doi.org/10.7717/peerj-cs.488

Siemens G, Marmolejo-Ramos F, Gabriel F, Medeiros K, Marrone R, Joksimovic S, et al. Human and artificial
cognition. Computers and Education Artificial Intelligence [Internet]. 2022 Jan 1;3:100107. Available from:
https://doi.org/10.1016/j.caeai.2022.100107

Demirbaga U, Aujla GS, Jindal A, Kalyon O. Machine learning for big data analytics. In: Big Data Analytics
[Internet]. 2024. p. 193—231. Available from: https://doi.org/10.1007/978-3-031-55639-5_9

Sarker IH. Machine learning: algorithms, Real-World applications and research directions. SN Computer
Science [Internet]. 2021 Mar 22;2(3). Available from: https://doi.org/10.1007/s42979-021-00592-x
Settembre-Blundo D, Gonzalez-Sanchez R, Medina-Salgado S, Garcia-Muifia FE. Flexibility and resilience in
Corporate decision making: A new Sustainability-Based Risk Management System in uncertain times. Global
Journal of Flexible Systems Management [Internet]. 2021 Aug 3;22(S2):107-32. Available from:
https://doi.org/10.1007/s40171-021-00277-7

Krishnamurthi R, Kumar A, Gopinathan D, Nayyar A, Qureshi B. An overview of IoT sensor data processing,
fusion, and analysis techniques. Sensors [Internet]. 2020 Oct 26;20(21):6076. Available from:
https://doi.org/10.3390/520216076

Silva D, Heideker A, Zyrianoff ID, Kleinschmidt JH, Roffia L, Soininen JP, et al. A Management Architecture
for IoT Smart Solutions: design and implementation. Journal of Network and Systems Management [Internet].
2022 Jan 30;30(2). Available from: https://doi.org/10.1007/s10922-022-09648-6

Khogali HO, Mekid S. The blended future of automation and AI: Examining some long-term societal and ethical
impact features. Technology in Society [Internet]. 2023 Mar 25;73:102232. Available from:
https://doi.org/10.1016/j.techsoc.2023.102232

Bao Y, Gong W, Yang K. A Literature Review of Human—AI Synergy in Decision Making: From the Perspective
of Affordance Actualization Theory. Systems [Internet]. 2023 Aug 25;11(9):442. Available from:
https://doi.org/10.3390/systems11090442



748

J INFORM SYSTEMS ENG, 10(11s)

[26]

[27].

[28].

[29].

[30].

[31].

[32].
[33].

[34].

[35].

[36].

[371].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

Ali O, Ishak MK, Bhatti MKL, Khan I, Kim KI. A comprehensive review of Internet of Things: technology stack,
middlewares, and Fog/Edge computing interface. Sensors [Internet]. 2022 Jan 27;22(3):995. Available from:
https://doi.org/10.3390/522030995

Tekinerdogan B, Koksal O, Celik T. System Architecture design of IoT-Based smart cities. Applied Sciences
[Internet]. 2023 Mar 24;13(7):4173. Available from: https://doi.org/10.3390/app13074173

Brocke JV, Hevner A, Maedche A. Introduction to Design Science Research. In: Progress in IS [Internet]. 2020.
p. 1—13. Available from: https://doi.org/10.1007/978-3-030-46781-4_1

Prihatmanto AS, Sukoco A, Budiyon A. Next generation smart system: 4-layer modern organization and activity
theory for a new paradigm perspective. Archives of Control Sciences [Internet]. 2024 Feb 28;589—623.
Available from: https://doi.org/10.24425/acs.2024.149673

Aydemir AZ, Jacoby S. Architectural design research: Drivers of practice. The Design Journal [Internet]. 2022
Jun 6;25(4):657—74. Available from: https://doi.org/10.1080/14606925.2022.2081303

Binder C, Neureiter C, Liider A. Towards a domain-specific information architecture enabling the investigation
and optimization of flexible production systems by utilizing artificial intelligence. The International Journal of
Advanced Manufacturing Technology [Internet]. 2022 Sep 24;123(1—2):49—81. Available from:
https://doi.org/10.1007/s00170-022-10141-2

Askar R, Braganca L, Gervasio H. Adaptability of Buildings: A critical review on the concept evolution. Applied
Sciences [Internet]. 2021 May 14;11(10):4483. Available from: https://doi.org/10.3390/app11104483

Jiang W, Yang Y, Isukapalli Y. Elephant-Human Conflict Mitigation: an Autonomous UAV approach. arXiv
(Cornell University) [Internet]. 2022 Jan 1; Available from: https://arxiv.org/abs/2201.02584

Eboigbe NEO, Farayola NOA, Olatoye NFO, Nnabugwu NOC, Daraojimba NC. Business intelligence
transformation through ai and data ANALYTICS. Engineering Science & Technology Journal [Internet]. 2023
Nov 29;4(5):285—-307. Available from: https://doi.org/10.51594/estj.v4i5.616

Jarungrattanapong R, Olewiler N. Ecosystem management to reduce human—elephant conflict in Thailand.
Environment Development and Sustainability [Internet]. 2024 Feb 2; Available from:
https://doi.org/10.1007/s10668-024-04485-w

Akesson A, Curtsdotter A, EkI6f A, Ebenman B, Norberg J, Barabas G. The importance of species interactions
in eco-evolutionary community dynamics under climate change. Nature Communications [Internet]. 2021 Aug
6;12(1). Available from: https://www.nature.com/articles/s41467-021-24977-x

Sampson C, Leimgruber P, Rodriguez S, McEvoy J, Sotherden E, Tonkyn D. Perception of Human—Elephant
conflict and conservation attitudes of affected communities in Myanmar. Tropical Conservation Science
[Internet]. 2021 Jan 1;12:194008291983124. Available from: https://doi.org/10.1177/1940082919831242
Kujala J, Sachs S, Leinonen H, Heikkinen A, Laude D. Stakeholder engagement: past, present, and future.
Business & Society [Internet]. 2022 Jan 6;61(5):1136—96. Available from:
https://doi.org/10.1177/00076503211066595

Mositsa RJ, Van Der Poll JA, Dongmo C. Towards a conceptual framework for data management in business
intelligence. Information [Internet]. 2023 Oct 6;14(10):547. Available from:
https://doi.org/10.3390/info14100547

Sharma K, Anand D, Sabharwal M, Tiwari PK, Cheikhrouhou O, Frikha T. A disaster management framework
using Internet of Things-Based interconnected devices. Mathematical Problems in Engineering [Internet].
2021 May 19;2021:1—21. Available from: https://doi.org/10.1155/2021/9916440

Van De Water A, Di Minin E, Slotow R. Human-elephant coexistence through aligning conservation with
societal aspirations. Global Ecology and Conservation [Internet]. 2022 May 20;37:€02165. Available from:
https://doi.org/10.1016/j.gecco.2022.€02165

Nguyen VV, Phan TTT, Chun-Hung L. Integrating multiple aspects of human—elephant conflict management
in Dong Nai Biosphere Reserve, Vietnam. Global Ecology and Conservation [Internet]. 2022 Sep 8;39:€02285.
Available from: https://doi.org/10.1016/j.gecco.2022.e02285

Mondejar ME, Avtar R, Diaz HLB, Dubey RK, Esteban J, Gomez-Morales A, et al. Digitalization to achieve
sustainable development goals: Steps towards a Smart Green Planet. The Science of the Total Environment
[Internet]. 2021 Jun 19;794:148539. Available from: https://doi.org/10.1016/j.scitotenv.2021.148539
Zakaria N, Juahir H, Nor SMM, Hanapi NHM, Jusoh HHW, Afandi NZM, et al. Elephant research challenges
and opportunities: A global bibliometric analysis. Ecological Informatics [Internet]. 2024 Jun 7;82:102662.
Available from: https://doi.org/10.1016/j.ecoinf.2024.102662



749 J INFORM SYSTEMS ENG, 10(11s)

[45]. Silvestro D, Goria S, Sterner T, Antonelli A. Improving biodiversity protection through artificial intelligence.
Nature Sustainability [Internet]. 2022 Mar 24;5(5):415—24. Available from:
https://www.nature.com/articles/s41893-022-00851-6

Panic Button

JoT Data Aggregation ncident Heatmaps

Layer 1: Instrumentation

: Dynamic Resource
Automated Dispatch Allocation

Layer 3: Business g b
Intelligence e e lesource Dema
= Predictive Analytics [—

Layer 4: Gamification
Nilestones for Response Reward Systems 2ecoaniti Quick Decision Support System Incident Trend Analysis
Time Reduction Respanse
LS Real-Time Risk Updates

Rescue Plan Suggestions

Real-Time Updates on
Incident Handling

Smart Emergency Response System for Smart System 4-Layer

The Smart Emergency Response System (SERS) for mitigating human-elephant conflicts employs a four-layer data-
driven architecture to enable rapid and efficient responses. Layer 1: Instrumentation integrates IoT sensors (PIR,
seismic, temperature, humidity), real-time cameras with YOLO object detection, GPS collars using long-range RFID,
surveillance drones, and bioacoustic sensors to detect elephant calls and stress signals. This system is further
supported by sirens, panic buttons, and mobile applications for immediate reporting. Layer 2: Information
Systems processes data through IoT aggregation, edge Al, and cloud storage, providing real-time visualizations such
as heatmaps, risk zones, and migration patterns. Layer 3: Business Intelligence utilizes big data analytics for
conflict prediction, historical pattern analysis, and event correlation to generate actionable recommendations,
including migration route adjustments and risk mitigation strategies. Layer 4: Gamification enhances community
engagement through scenario simulations, real-time feedback, and reward systems based on contributions. This
integrated approach ensures effective conflict mitigation, ecosystem preservation, and harmonious coexistence
between humans and wildlife.
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Framework of Intelligent Emergency Response System

The diagram represents the workflow of a smart system for emergency response management, designed
systematically and data-driven. The process begins with data collection through sensors to monitor environmental
conditions in real time, followed by data aggregation from various sources. The collected data is then
comprehensively analyzed to assess risk levels and predict potential threats via an early warning system. The
generated information is subsequently communicated to the community through a structured notification
mechanism, followed by the coordination of emergency responses involving various stakeholders. Resources are then
strategically deployed to address the crisis, accompanied by efforts to mitigate any arising conflicts. This process
concludes with continuous monitoring and feedback to ensure the system's effectiveness is improved over time. This
approach reflects the integration of technology, data analytics, and risk management to support evidence-based
decision-making.

IoT-Driven Smart System Ecosystem for Digital Transformation

The illustration depicts a smart system ecosystem built on digital transformation principles, integrating data from
diverse IoT devices, such as environmental sensors, mobile devices, and vehicles, into a centralized cloud data
repository. This centralized infrastructure enables efficient data management and accessibility for various
stakeholders, including government agencies, NGOs, researchers, conservationists, foresters, and the broader
community. By leveraging this system, stakeholders can engage in data-driven decision-making, foster cross-sector
collaboration, and enhance operational efficiency in environmental and resource management. This approach
underpins sustainable development efforts by promoting evidence-based practices and supporting long-term
ecological and societal resilience.



