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ABSTRACT

Low-light surveillance photographs often contain poor illumination, reduced contrast, blurred
details, and visible noise, making it difficult to identify objects, people, and important
activities accurately. These limitations can affect the reliability of surveillance systems used
in public safety, transportation monitoring, and security applications. This paper presents a
smart image enhancement approach designed to improve the visual quality of surveillance
photographs captured under insufficient lighting conditions. The proposed system combines
adaptive brightness correction, contrast stretching, noise suppression, and local detail
enhancement to recover hidden information while preserving the natural appearance of the
image. The enhancement process first analyzes the illumination characteristics of the input
photograph and then applies suitable preprocessing operations to improve visibility without
overexposing bright regions. Local contrast enhancement techniques are used to highlight
important structures such as faces, vehicles, and background objects, while filtering methods
reduce unwanted noise introduced by low-light image acquisition. The enhanced output
provides clearer edges, improved texture representation, and better overall readability for both
human observers and automated surveillance analysis systems. Experimental evaluation
demonstrates that the proposed method produces visually clearer surveillance photographs
with improved brightness balance and detail preservation compared with ordinary
enhancement approaches. The system is computationally efficient and can be implemented
using Python and OpenCV, making it suitable for real-time or near real-time surveillance
environments. The proposed work contributes to the development of reliable low-light image
enhancement techniques that support effective monitoring, security analysis, and evidence
interpretation in challenging illumination conditions.

Keywords: Low-light image enhancement, surveillance photography, adaptive brightness
correction, contrast enhancement, noise suppression, image preprocessing, computer vision,
digital image processing.

LINTRODUCTION

Surveillance systems have become an
essential component of modern security
infrastructure, supporting public safety,
transportation monitoring, industrial
protection, and crime prevention. Cameras
installed in streets, parking areas, railway
stations, campuses, and commercial
buildings operate continuously under
varying environmental conditions. However,
photographs captured during nighttime or in
poorly illuminated environments often
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suffer from low brightness, weak contrast,
color distortion, and significant noise, which
makes the identification of people, vehicles,
and suspicious activities extremely difficult.
Improving the visibility of such images is
therefore a critical task in digital image
processing and computer vision applications

(1], [11].

Low-light image enhancement focuses on
recovering hidden visual information while
preserving the natural appearance of the
scene. Early research in this area was
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strongly influenced by the Retinex theory
proposed to explain human color perception
under different illumination conditions [8].
Building upon this theory, multiscale
Retinex methods were developed to enhance
brightness and reveal details in dark regions
while maintaining perceptual consistency
[6], [7]. These techniques demonstrated that
separating illumination from reflectance can
significantly = improve image quality,
especially for scenes affected by non-
uniform lighting.

Recent advancements have introduced more
adaptive  approaches for illumination
estimation and detail preservation. The
LIME method estimates an illumination
map from the input image and adjusts it to
enhance dark regions effectively without
excessive overexposure [1]. Variational
optimization techniques have also been
proposed to estimate reflectance and
illumination  simultaneously, producing
more balanced enhancement results [2].
Furthermore, algorithms designed for non-
uniform illumination have shown improved
naturalness and contrast preservation,
making them suitable for practical visual
monitoring applications [5].

With the growth of deep learning, data-
driven enhancement models have achieved
remarkable improvements in restoring low-
light images. Deep Retinex decomposition
networks learn the relationship between
illumination and reflectance directly from
training data, enabling more accurate
enhancement of complex scenes [3].
Enhanced Retinex-Net frameworks further
incorporate color restoration mechanisms to
reduce color shifts and improve visual
realism [14]. Contemporary research has
also demonstrated that effective low-light
enhancement can be achieved with
simplified Retinex-based learning strategies
that avoid unnecessary priors while
maintaining strong restoration performance
[15].

In surveillance applications, enhancement
quality is particularly important because the
processed images may later be used for
object detection, facial recognition, vehicle
identification, or forensic investigation.
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Methods that  preserve luminance
consistency and fine structural details
contribute to better automated analysis and
human interpretation [10]. Techniques
involving photometric alignment and

perceptual  information  fusion  have
additionally  improved  visibility in
challenging lighting environments by

combining multiple visual cues to enhance
important scene components [12]. The
generalization of restoration priors has also
been explored to improve robustness across
different types of degraded images [9].

Despite these advancements, many existing
enhancement  techniques  still  face
challenges such as noise amplification, loss
of edge sharpness, unnatural brightness
distribution, and high computational
complexity when applied to real-world
surveillance photographs. Review studies
indicate that achieving a balance between
brightness improvement, noise suppression,
detail  preservation, and  processing
efficiency remains an open research
problem [11]. Domain-specific adaptations
of enhancement methods have further
shown that optimized illumination
correction can substantially improve the
visibility of low-light imagery in specialized
applications [13].

The proposed work, Smart Image
Enhancement for Low-Light Surveillance
Photographs, aims to develop an efficient
enhancement framework that improves
poorly illuminated surveillance photographs
through adaptive brightness correction,
contrast enhancement, noise suppression,
and local detail preservation. The objective
is to generate clearer and more informative
images that support reliable visual
observation and automated surveillance
analysis while maintaining computational
efficiency suitable for practical security
environments. By integrating illumination-
aware preprocessing with detail
enhancement techniques, the proposed
system seeks to provide a robust and
effective solution for improving surveillance
photographs captured under challenging
low-light conditions [1], [3], [14].

IILLITERATURE SURVEY
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D. J. Jobson, Z. Rahman, and G. A.
Woodell (1997) Jobson et al. proposed a
multiscale Retinex technique for enhancing
digital 1images captured under poor
illumination  conditions. The method
processed images at multiple spatial scales
to improve brightness, contrast, and detail
visibility while preserving the natural
appearance of the scene. Their work
demonstrated  that  illumination-aware
enhancement can significantly improve
visual perception in dark environments and
became an important foundation for later
low-light image enhancement research.

Z. Rahman, D. J. Jobson, and G. A.
Woodell (2004) Rahman et al. introduced
an  automatic  Retinex-based  image
enhancement framework that dynamically
adjusted image brightness and contrast
without requiring manual parameter tuning.
The proposed approach enhanced hidden
details in dark regions while maintaining
perceptual consistency across the image.
The study showed that automated
illumination correction is effective for
surveillance, remote sensing, and general
image enhancement applications.

K. He, J. Sun, and X. Tang (2011) He et al.

developed the dark channel prior method for
restoring images affected by haze and low
visibility. Although the technique was
originally designed for dehazing, it
demonstrated the importance of local
intensity statistics for recovering hidden
scene  information. = The  restoration
principles presented in this work later
influenced several low-light enhancement
and visibility improvement methods used in
computer vision applications.

S. Wang, J. Zheng, H.-M. Hu, and B. Li
(2013) Wang et al. proposed a naturalness-
preserved enhancement algorithm for
images suffering from  non-uniform
illumination. The method improved local
contrast ~while preventing excessive
enhancement and preserving realistic visual
appearance. Their results highlighted the
importance  of  balancing  brightness
improvement with perceptual naturalness,
which is particularly important for
surveillance image analysis.
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X. Fu, D. Zeng, Y. Huang, X.-P. Zhang,
and X. Ding (2016) Fu et al. presented a
weighted variational model for
simultaneously estimating illumination and
reflectance components from a single image.
The optimization-based framework
enhanced dark images while preserving
edges and suppressing noise amplification.
The study demonstrated that joint estimation
of illumination and reflectance produces
more balanced enhancement results than
traditional histogram-based enhancement
techniques.

X. Guo, Y. Li, and H. Ling (2017) Guo et
al. developed the LIME (Low-Light Image
Enhancement via  Illumination = Map
Estimation) algorithm for enhancing poorly
illuminated images. The proposed method
estimated an illumination map directly from
the input image and refined it to improve
dark regions while maintaining structural
consistency. Experimental results showed
that LIME provides good visual quality with
relatively low computational complexity,
making it suitable for real-time surveillance
applications.

C. Wei, W. Wang, W. Yang, and J. Liu
(2018) Wei et al. proposed a deep Retinex
decomposition  network  that learns
illumination and reflectance components
directly from paired low-light and normal-
light training images. The deep learning
framework improved brightness, reduced
noise, and preserved fine image details in
complex low-light scenes. Their work
demonstrated the effectiveness of data-
driven Retinex models for real-world low-
light image enhancement tasks.

Y.-T. Peng and P. C. Cosman (2018) Peng
and Cosman generalized the dark channel
prior for broader image restoration
applications, including low-visibility and
low-light  conditions. = The  proposed
framework improved robustness across
different types of degraded images and
enhanced the recovery of scene details. The
study contributed to the development of
more adaptable restoration-based
enhancement techniques for challenging
imaging environments.
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Q. Song and P. C. Cosman (2018) Song
and Cosman focused on luminance
enhancement and detail preservation for
images and videos captured under varying
ambient illumination conditions. Their
method adaptively adjusted brightness while
maintaining edge sharpness and texture
information. The results demonstrated
improved perceptual quality and better

visibility, =~ which are essential for
surveillance-oriented  visual — monitoring
systems.

J. Ye, S. Chen, and Y. Wang (2022) Ye et
al. proposed a low-light image enhancement
approach based on photometric alignment
and perceptual information fusion. The
method combined multiple visual cues to
improve  brightness consistency and
highlight important scene structures.
Experimental evaluation showed that the
proposed technique produced clearer images
with enhanced visual perception in
challenging illumination environments.

Y. Kun, H. Zhang, and J. Liu (2022) Kun
et al. introduced an optimized LIME-based
enhancement scheme designed for low-light
medical imagery. The proposed approach
improved illumination correction and
contrast enhancement while minimizing
noise amplification during the enhancement
process. The study demonstrated that
adaptive  illumination refinement can
significantly ~ improve  visibility in
specialized low-light imaging applications
and inspired similar strategies for
surveillance image enhancement.

M. T. Rasheed and S. S. Hameed (2023)
Rasheed and Hameed conducted a
comprehensive review of low-light image
enhancement methods and image quality
assessment  techniques. Their survey
analyzed traditional Retinex approaches,
optimization-based models, and deep
learning frameworks, identifying their
advantages and limitations. The study
concluded that achieving an effective
balance between brightness enhancement,
noise suppression, detail preservation, and
computational efficiency remains a major
research challenge in low-light image
enhancement.
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W. Feng, Z. Liu, and Y. Zhao (2023) Feng
et al. proposed a Retinex-Net enhancement
framework integrated with a color
restoration mechanism to address color
distortion problems commonly observed in
low-light images. The method enhanced
brightness, preserved structural details, and
generated more realistic color representation
compared with conventional Retinex-based
enhancement approaches. The results
demonstrated improved visual quality for
complex low-light scenes.

H. Fu, Y. Yang, and X. Ding (2023) Fu et
al. introduced a simplified Retinex-based
deep learning strategy for low-light image
enhancement that avoids the use of
additional ~ handcrafted  priors  and
regularization  terms. The  proposed
framework achieved strong restoration
performance  while  reducing  model
complexity and preserving fine image
details. Their work showed that efficient
learning-based enhancement techniques can
provide high-quality results suitable for
practical  low-light surveillance and
monitoring applications.

HLEXISTING SYSTEM

The existing low-light surveillance image
enhancement systems mainly rely on
conventional image processing techniques
such as histogram equalization, contrast
stretching, gamma correction, and basic
Retinex-based enhancement methods. These
approaches attempt to improve the visibility
of dark images by increasing overall
brightness and  contrast. = Histogram
equalization redistributes pixel intensities to
enhance contrast, while gamma correction
adjusts the luminance values to make dark
regions appear brighter. Retinex-based
methods further improve illumination by
estimating the relationship  between
reflectance and lighting conditions in the
image.

In many traditional surveillance applications,
enhancement is performed uniformly across
the entire image without considering local
illumination variations. As a result, bright
regions may become overexposed, while
some dark areas still fail to reveal important
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details such as faces, vehicle numbers, or
suspicious objects. Noise reduction is often
handled separately using simple filtering
techniques, which may remove fine textures
and reduce edge sharpness. Although these
methods are computationally simple and
easy to implement, their performance is
limited when dealing with real-world
nighttime surveillance photographs that
contain uneven lighting, motion blur,
shadows, and sensor noise.

Recent existing systems have incorporated
more advanced approaches such as LIME
illumination estimation, variational
optimization, and deep Retinex
decomposition networks. These methods
improve brightness adaptation and detail
preservation compared with conventional
enhancement techniques. However, many of
them require high computational resources,
large training datasets, or complex
parameter tuning, which reduces their
suitability for lightweight and real-time
surveillance environments. Some deep
learning models also produce color
distortion, unnatural brightness distribution,
or amplified noise when the input images
contain  extremely poor illumination
conditions.

Therefore, the existing systems provide only
partial solutions for low-light surveillance
enhancement. They either suffer from
limited enhancement capability in complex
lighting conditions or require significant
computational  power  for  practical
deployment. These limitations create the
need for a more efficient and adaptive
enhancement framework that can improve
brightness, suppress noise, preserve
important structural details, and maintain
natural visual quality for surveillance
photographs captured under challenging
low-light conditions.

IV.PROPOSED SYSTEM

The proposed system, Smart Image
Enhancement for Low-Light Surveillance
Photographs, is designed to improve the
visibility and quality of surveillance
photographs captured under insufficient
lighting conditions. The system combines

Vol. 22, No.3, 2026

https://ijjerst.org/index.php/ijerst

adaptive image preprocessing, illumination
correction, contrast enhancement, and noise
suppression techniques to produce clearer
and more informative surveillance images.
Unlike traditional methods that apply
uniform enhancement to the entire image,
the proposed framework analyzes the
illumination characteristics of different
regions and performs localized enhancement
to preserve important visual details while
avoiding overexposure.

In the proposed approach, the input
surveillance photograph is first preprocessed
to remove unwanted artifacts and normalize
image intensity values. An illumination
estimation stage identifies dark and bright
regions within the image and applies
adaptive brightness correction to improve
poorly illuminated areas. Local contrast
enhancement techniques, such as contrast-
limited adaptive histogram equalization, are
then used to increase the visibility of edges,
textures, faces, vehicles, and other
significant  objects present in the
surveillance scene. To prevent quality
degradation, an edge-preserving noise
reduction filter is applied so that image
noise is reduced without removing fine
structural information.

The enhanced image is further processed to
maintain natural color appearance and
balanced Iuminance distribution. The
system ensures that bright regions are not
excessively amplified and that important
scene structures remain clearly
distinguishable.  The final  enhanced
photograph is suitable for both human
observation and automated surveillance
analysis tasks such as object detection,
facial recognition, vehicle identification,
and forensic evidence examination. The
framework is designed to operate efficiently
using Python and OpenCV, making it
suitable for real-time or near real-time
security monitoring applications.

V.SYSTEM ARCHITECTURE
The system architecture of Smart Image
Enhancement for Low-Light Surveillance

Photographs  represents the complete
workflow used to improve the visibility of
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surveillance photographs captured under
poor  illumination  conditions. The
architecture begins with a low-light
surveillance photograph obtained from a

CCTV camera or surveillance image dataset.

These  photographs  usually  contain
insufficient brightness, weak contrast,
blurred details, and sensor noise, which
reduce the effectiveness of monitoring and
security analysis. The architecture is
designed to process such images
systematically and generate a clearer and
more informative enhanced output suitable
for surveillance applications.

The first stage of the architecture is
preprocessing, where the input photograph
is resized to a suitable resolution, unwanted
noise artifacts are removed using filtering
techniques, and pixel intensity values are
normalized. This stage improves the
consistency of the input image and prepares
it for accurate illumination analysis. By
reducing acquisition noise and standardizing
image characteristics, preprocessing
increases the stability and effectiveness of
the subsequent enhancement operations.

After preprocessing, the system performs
illumination estimation to analyze the
brightness distribution across different
regions of the photograph. This module
identifies dark and bright areas and
estimates an illumination map that
represents the local lighting conditions
within the scene. Based on this analysis,
adaptive brightness correction is applied to
improve poorly illuminated regions without
excessively increasing the brightness of
already visible areas. This localized
enhancement strategy helps preserve the
natural appearance of the surveillance
photograph while revealing hidden visual
details.

The next stage focuses on brightness and
contrast enhancement, where adaptive
correction techniques and local contrast
enhancement methods are used to improve

the visibility of important scene components.

Edges, textures, vehicles, pedestrians, and
background  objects  become  more
distinguishable after this operation. Since
increasing brightness may also amplify
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sensor noise, the architecture includes a
noise suppression stage that applies edge-
preserving filtering techniques to reduce
unwanted noise while maintaining edge
sharpness and fine structural details that are
essential for surveillance analysis.

In the final processing stage, the system
performs detail preservation and color
adjustment to sharpen important structural
information, balance luminance distribution,
and maintain natural color appearance. The
processed image is then produced as an

enhanced surveillance photograph with
improved brightness, stronger contrast,
reduced noise, and clearer details.

Supporting modules such as image storage,
parameter adaptation, quality assessment,
and real-time processing assist the
framework in maintaining efficiency and
consistent enhancement performance. The
enhanced output can be effectively used for
object detection, facial recognition, vehicle
identification, forensic investigation, and
continuous security monitoring in real-
world low-light surveillance environments.

PROCESSING FRAMEWORK
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VILIMPLEMENTATION
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VII.CONCLUSION

This paper, Smart Image Enhancement for
Low-Light  Surveillance = Photographs,
presents an effective approach for
improving the visibility and quality of
surveillance photographs captured under
insufficient lighting conditions. Low-light
surveillance images often suffer from poor
brightness, weak contrast, blurred details,
and noise, which reduce the reliability of
security monitoring and forensic analysis.
The proposed system successfully addresses
these issues by integrating preprocessing,
adaptive illumination estimation, brightness
and contrast enhancement, noise
suppression, and detail preservation
techniques into a unified enhancement
framework.

The developed architecture enhances dark
regions  while preserving  important
structural information such as object
boundaries, textures, vehicles, and human
features. By applying localized
enhancement instead of uniform brightness
adjustment, the system avoids excessive
illumination amplification and maintains a
more natural visual appearance. The
inclusion of edge-preserving noise reduction
further improves image clarity without
removing significant details required for
surveillance interpretation. The enhanced
output  photographs  provide  better
readability for both human observers and
automated computer vision applications
such as object detection, facial recognition,
and vehicle identification.

The implementation demonstrates that the
proposed framework can generate clearer
surveillance photographs with improved
brightness balance, enhanced contrast,
reduced noise, and better detail visibility
compared with conventional enhancement
methods. The use of Python and OpenCV
makes the system computationally efficient
and suitable for real-time or near real-time
security monitoring environments. Overall,
the proposed work contributes to the
development of a practical and reliable low-
light image enhancement solution that
improves surveillance effectiveness and
supports accurate monitoring, evidence
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interpretation, and security decision-making
in challenging nighttime and low-
illumination conditions.

VIIL.FUTURE SCOPE

The future scope of Smart Image
Enhancement for Low-Light Surveillance
Photographs can be extended in several
directions to improve both enhancement
quality and practical deployment in modern
surveillance systems. Although the current
framework effectively enhances low-light
photographs using adaptive preprocessing,

1llumination correction, contrast
enhancement, and noise suppression
techniques, future developments can
incorporate  more advanced artificial

intelligence and deep learning approaches to
achieve even better visual restoration under
extremely challenging illumination
conditions.

One important extension is the integration
of deep learning-based enhancement
networks that can automatically learn
complex illumination patterns from large
surveillance datasets. Such models can
provide improved brightness correction,
texture recovery, and color restoration for
images captured in extremely dark
environments. Future systems may also
employ real-time video enhancement
instead of processing only still photographs,
enabling continuous enhancement of live
CCTV video streams for smart city
surveillance, traffic monitoring, and public
safety applications.

Another promising direction is the
incorporation of object-aware enhancement,
where the system identifies important
regions such as faces, vehicles, license
plates, or suspicious objects and applies
specialized enhancement strategies to those
areas. This can significantly improve the
accuracy of downstream computer vision
tasks including facial recognition, vehicle
tracking, anomaly detection, and forensic
evidence analysis. Integration with edge
computing and IoT-enabled surveillance
cameras can further reduce processing
latency and allow enhancement operations
to be performed directly on surveillance
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devices  without
centralized servers.

relying heavily on

Future research can also focus on adaptive
quality  assessment mechanisms that
automatically evaluate the enhancement
result and dynamically adjust processing
parameters according to environmental
conditions such as fog, rain, shadows, or
varying nighttime illumination levels. In
addition, combining low-light enhancement
with super-resolution reconstruction and
motion deblurring techniques can help
recover fine details from distant or moving
objects, making the system more effective
for real-world security and forensic
investigations.

Overall, the proposed work provides a
strong foundation for intelligent low-light
surveillance enhancement, and its future
extensions can lead to a fully automated,
Al-driven surveillance enhancement
framework capable of delivering high-
quality visual information for advanced
security monitoring, smart transportation
systems, forensic investigation, and next-

generation intelligent surveillance
applications.
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