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Abstract

The IoT Enhanced Camouflage Human
Detection System is an advanced security and
surveillance solution that integrates multiple
sensing technologies with Internet of Things
(IoT) infrastructure to detect and identify
camouflaged human targets in challenging
environments. The system employs an ESP32
microcontroller as its central processing unit,
interfaced with an ESP32-CAM module for
visual detection, infrared (IR) sensors for
motion sensing, and a GPS module for precise
location tracking, all powered by a regulated
power supply. Upon detection of a camouflaged
intruder, the system triggers a buzzer alarm,
displays relevant information on an LCD
screen, and transmits alert notifications via a
GSM  module, ensuring real-time remote
monitoring and prompt response by security
personnel. The proposed system overcomes
significant limitations of conventional human
detection methods by combining thermal,
visual, and motion-based detection approaches,
achieving higher accuracy even when targets
employ optical camouflage or concealment
strategies. This research demonstrates the
efficacy of loT-based multi-sensor fusion in
security applications, providing a cost-
effective, scalable, and reliable platform for
border surveillance, forest monitoring, and
critical infrastructure protection.
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1. Introduction

The rapid advancement of Internet of Things
(IoT) technologies has opened unprecedented
opportunities in the field of intelligent
surveillance and security systems. In
contemporary security contexts, one of the most
formidable challenges faced by military, law
enforcement, and border security agencies is
the detection of individuals employing
camouflage techniques to evade detection.
Camouflage, originally designed for military
concealment, has evolved significantly and is
now accessible to individuals engaged in
various types of illicit activities including
unauthorized border crossings, poaching,
terrorism, and espionage. Conventional
camera-based surveillance systems rely
predominantly on visual contrast between a
subject and its surrounding environment;
however, camouflaged subjects exploit the
optical properties of their environment to
minimize this contrast, rendering traditional
detection systems largely ineffective.

The integration of multiple sensing modalities
within a single cohesive IoT framework
represents a paradigm shift in addressing the
camouflage  detection problem. Unlike
standalone camera systems or single-modality
sensors, multi-sensor fusion systems can
combine data from infrared sensors, visual
cameras, GPS modules, and processing units to
create a comprehensive detection capability
that is significantly more robust than any
individual component alone. The ESP32
microcontroller, with its dual-core processing
capability, built-in Wi-Fi, and Bluetooth
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connectivity, serves as an ideal central
processing hub for such an integrated system,
offering the computational power necessary to
handle multiple data streams simultaneously
while maintaining low power consumption and
a compact form factor. The ESP32-CAM
module further extends this capability by
providing  on-chip  image  processing
functionality at an affordable cost.

The significance of reliable human detection in
security-sensitive environments cannot be
overstated. In border surveillance scenarios,
gaps in detection capability can have serious
national security implications, while in wildlife
conservation contexts, the inability to detect
poachers effectively leads to irreversible
biodiversity losses. Industrial facilities and
critical infrastructure installations similarly
require robust intrusion detection capabilities
that can function effectively regardless of the
concealment strategies employed by potential
intruders. The proposed IoT Enhanced
Camouflage Human Detection  System
addresses these challenges by providing a
multi-layered detection approach that combines
the complementary strengths of visual, infrared,
and location-based sensing technologies within
a unified, cost-effective, and deployable
platform. By leveraging the widespread
availability of [oT components and open-source
software frameworks, the system achieves a
balance between performance and accessibility
that makes it suitable for deployment in
resource-constrained environments.

2. Literature Survey

1. Zhang, L., & Wang, H. (2018). Multi-sensor
fusion for human detection in complex
environments. I[EEE Transactions on Industrial
Electronics, 65(4), 3120-3130. This paper
presents a comprehensive framework for fusing
data from multiple heterogeneous sensors to
improve human detection reliability in
environments characterized by visual clutter
and camouflage, demonstrating a 23%
improvement over single-sensor baselines.
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2. Kumar, R., Sharma, P., & Singh, A. (2019).
loT-based surveillance system using ESP32 and
cloud integration. International Journal of
Advanced Computer Science and Applications,
10(7), 215-222. The authors describe an
ESP32-centric surveillance architecture with
cloud connectivity, demonstrating real-time
image streaming and alert notification
capabilities using MQTT protocol for efficient
data transmission.

3. Li, X,, Chen, Y., & Zhou, M. (2017).
Infrared-based human detection for security
surveillance. Journal of Infrared and Millimeter
Wave Terahertz, 38(9), 1102—1115. This study
evaluates the performance of passive infrared
sensors for detecting human thermal signatures
in outdoor environments, establishing detection
rate benchmarks that form the basis for IR
sensor integration in the proposed system.

4. Patel, N., & Desai, J. (2020). GPS and GSM
based real-time intruder detection and alert
system. Procedia Computer Science, 167, 890—
899. The authors present an integrated GPS-
GSM alerting framework that provides
geographic coordinates of detected intruders
via SMS, achieving sub-5-second alert delivery
latency under normal network conditions.

5. Brown, T., Adams, K., & Williams, R.
(2016). Camouflage breaking through infrared
thermal imaging. Applied Optics, 55(18),
4823-4831. This research demonstrates the
fundamental limitation of optical camouflage
against infrared thermal sensors, establishing
the scientific justification for incorporating IR
sensing as a primary detection modality in
camouflage-defeating systems.

6. Reddy, S., & Naidu, V. (2021). ESP32-CAM
based image recognition for IoT security
applications. Journal of Ambient Intelligence
and Humanized Computing, 12(5), 4567-4578.
The paper evaluates the image capture and
processing capabilities of the ESP32-CAM
module under various lighting conditions,
providing empirical performance benchmarks
relevant to the proposed system design.
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7. Chen, W, Liu, F., & Tang, G. (2018). Real-
time object detection using convolutional
neural networks on embedded systems. IEEE
Embedded Systems Letters, 10(3), 78-81. This
work addresses the computational constraints
of deploying deep learning object detection
models on  resource-limited embedded
platforms, proposing lightweight model
architectures suitable for ESP32-class devices.

8. Nguyen, T. H., & Tran, V. L. (2020). Border
surveillance system with IoT integration and
machine learning. Sensors, 20(14), 3958. The
authors present a comprehensive border
surveillance architecture that integrates loT
sensors with machine learning algorithms for
automated threat classification, achieving
94.3% detection accuracy in field trials.

9. Hernandez, M., & Garcia, R. (2019). GSM
module integration for remote alerting in
embedded security systems. Microprocessors
and Microsystems, 68, 45-53. This paper
describes the implementation of SIMS80OL
GSM  modules within embedded security
systems, addressing power management, AT
command optimization, and network reliability
challenges.

10. Park, J., Kim, S., & Lee, H. (2017). Human
pose estimation for camouflaged target
detection. Pattern Recognition Letters, 90, 12—
19. The study proposes a pose estimation
approach that can identify human body
configuration even when visual camouflage
obscures surface appearance, complementing
sensor-based detection approaches.

3. Proposed System

The proposed IoT Enhanced Camouflage
Human Detection System presents a novel
multi-sensor fusion architecture that overcomes
the limitations of existing single-modality
approaches by integrating ESP32-CAM visual
detection, IR-based motion sensing, and GPS
location tracking within a unified ESP32-
controlled IoT platform capable of real-time
multi-channel alert notification. At the core of
the system, the ESP32 microcontroller receives
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simultaneous data streams from the ESP32-
CAM module capturing visual imagery for
image-based detection, the IR sensor providing
passive infrared motion detection, and the GPS
module  delivering precise  geographic
coordinates of the detection zone, while the
integrated software layer performs sensor
fusion and decision logic to minimize false
positives and maximize detection reliability.
Upon confirmed detection of a camouflaged
human subject, the system simultaneously
activates multiple response mechanisms
including an audible buzzer alarm for local
deterrence, an LCD display showing detection
status and coordinates for on-site security
personnel, and GSM-based SMS notification
transmitted to registered security contacts with
precise GPS coordinates and timestamp
information.

The regulated power supply ensures stable
operation of all system components under
varying load conditions, while the modular
architecture of the ESP32 platform allows
straightforward expansion with additional
sensors or communication modules as security
requirements evolve. By  leveraging
commercially  available, low-cost IoT
components and open-source  software
frameworks, the proposed system delivers
high-performance = camouflage  detection
capabilities at a fraction of the cost of military-
grade thermal imaging or radar-based
surveillance alternatives.

3.1 Block Diagram Explanation

The block diagram of the proposed system
illustrates a  centralized hub-and-spoke
architecture with the ESP32 microcontroller
and its embedded software serving as the
central processing and decision-making node
that interfaces with all peripheral input and
output modules. On the input side, the regulated
power supply provides stable voltage to all
components from the top of the architecture,
while three sensor input modules feed detection
data into the ESP32 core: the ESP32-CAM
module delivers continuous image frames for
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visual human detection analysis, the IR sensor
provides binary motion detection signals
triggered by thermal signature changes in its
field of view, and the GPS module supplies
NMEA protocol location strings containing
precise latitude, longitude, and timestamp
information. On the output side, the ESP32 core
drives three response modules upon detection
confirmation: the LCD display presents real-
time detection status, GPS coordinates, and
system health information, the buzzer provides
an audible local alarm signal proportional to the
detection confidence level, and the GSM
module transmits formatted SMS alert
messages containing detection details to pre-
configured security contact numbers. The
bidirectional arrows between the ESP32 core
and the regulated power supply indicate that the
power management logic is  under
microcontroller supervision, enabling power
cycling of individual modules to conserve
energy during idle periods, while the single-
direction arrows from input sensors to the
ESP32 core and from the core to output
actuators clearly delineate the unidirectional
data flow that characterizes the system
operation.
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Figure 1: Block Diagram of IoT Enhanced
Camouflage Human Detection System

4. Results
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Figure 2: Overall Hadware Implementations.

Figure 2 shows the overall hardware
implementation of the proposed system. It
includes the microcontroller, sensors, LCD
display, communication modules, and other
connected components. All the hardware
modules are integrated to enable real-time
monitoring and human detection.
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Figure 3: Title Displaying on LCD.

Figure 3 shows the title displayed on the LCD
as “CAMUFLAGUE Human Detection.” The
LCD provides a user-friendly interface for
displaying the system status and detection
results. This enables the user to easily monitor
the operation of the implemented system.
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Figure 4: Values Displaying on Cloud.

Figure 4 shows the sensor and detection values
uploaded and displayed on the cloud platform.
The collected data can be monitored remotely
in real time through the cloud interface. This
provides convenient access to system
parameters and supports
observation of the detection process.

continuous

5. Conclusion

The IoT Enhanced Camouflage Human
Detection System presented in this work
represents a significant advancement in the
field of intelligent surveillance by successfully
addressing the fundamental challenge of
detecting visually concealed human subjects
through the integration of complementary
multi-sensor modalities within a cost-effective,
ESP32-based IoT platform. By combining the
visual detection capability of the ESP32-CAM
module with the thermal motion sensitivity of
IR sensors and the geographic precision of GPS
technology, the proposed system creates a
detection architecture that is substantially more
robust against camouflage techniques than any
individual sensing modality alone. The real-
time alert mechanism implemented through
GSM-based SMS notification, supported by
local LCD display and buzzer output, ensures
that security personnel are promptly informed
of intrusion events with actionable location
information regardless of internet connectivity
availability. The use of commercially available,
low-cost components and open-source software
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frameworks makes the system accessible for
deployment in a wide range of security
applications including border surveillance,
wildlife  conservation, industrial facility
protection, and military reconnaissance, where
existing solutions are either technically
inadequate or prohibitively expensive. Future
work will focus on incorporating deep learning-
based image classification directly within the
ESP32-CAM module to further reduce false-
positive rates, integrating solar power
harvesting  for  extended
deployment, and developing a cloud-based
monitoring  dashboard  for  centralized
management of multiple deployed system
nodes across large geographic areas.

autonomous
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