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Abstract—The integration of image processing and artificial
intelligence (AI) is transforming business automation by
enabling systems to interpret and act on visual data with
human-like intelligence. This review explores the theoretical
foundations and real-world applications of Al-driven image
processing across industries such as manufacturing, healthcare,
finance, logistics, and retail. Techniques like convolutional
neural networks (CNNs), ResNet, YOLO, and Vision
Transformers are used in tasks including defect detection, facial
recognition, and document verification, yielding significant
efficiency gains and cost reductions. Despite these benefits,
challenges remain. These include a reliance on large annotated
datasets, high computational demands (e.g., GPU costs), and
limited model transparency. Ethical concerns such as bias in
facial recognition and privacy issues in surveillance further
complicate adoption. To address these, emerging solutions
include the use of synthetic data (e.g., GANs), edge deployment
for low-latency processing, and multimodal Al that combines
image, text, and sensor inputs for deeper insights. Regulatory
compliance with standards like GDPR and the EU Al Act is
increasingly vital to ensure responsible use. This review presents
a structured framework for integrating image processing with
Al, outlining each stage from image acquisition to real-time
decision-making and continuous learning. By highlighting
current capabilities, limitations, and future trends, this paper
encourages cross-industry collaboration and sustained R&D
investment to unlock the full potential of scalable, ethical, and
intelligent automation in the age of Industry 4.0.

Keywords—Image Processing, Artificial Intelligence, Business
Automation, Deep Learning, Computer Vision, Healthcare
Imaging

I. INTRODUCTION

Organizations in a variety of sectors have adopted
intelligent automation as a way to boost productivity, lower
operating costs, and improve service delivery as a result of
the rapid speed of digital change [1]. Whether image
processing and artificial intelligence (Al), their combination
is also a perfect pair that promotes a revolutionary change
toward modern automation [2]. Combined, they are moving
machines closer to being able to see, analyze and act on visual
information without human intervention. As companies
continue to leverage these smart systems to complete
complex processes more quickly and accurately, the
worldwide Al automation market is expected to reach more
than $25 billion by 2027, highlighting their increasing reach
in the enterprise [3]. While Al, especially through machine
learning (ML) and deep learning (DL), allows computers to
learn from data, make predictions, and carry out complicated
decision-making tasks, image processing serves as the basis

for obtaining meaningful characteristics from visual inputs.
Numerous business automation solutions have been sparked
by the confluence of these technologies [4]. Al-driven visual
inspection systems are more accurate than conventional
techniques in detecting flaws in production [5]. Automated
identification verification with optical character recognition
(OCR) and face recognition simplifies customer onboarding
in the finance industry [6].

Al-enhanced video analytics is used by retailers to
monitor consumer behavior, improve shop designs, and tailor
marketing campaigns [7]. Even in industries like healthcare,
agriculture, and logistics, image processing and Al are
working together to intelligently automated traditional
procedures. The implementation of these technologies poses
a number of difficulties despite their transformational
promise. Key challenges include ensuring data security and
privacy, the need for large volumes of annotated training
data, limited interpretability of AI decisions, and the
technical complexity of implementation and integration.
Furthermore, in applications containing sensitive or personal
data, ethical issues and regulatory compliance are still crucial.
This review has focused on the applications of image
processing and Al for business automation in manufacturing,
healthcare, logistics, retail and finance. Unlike the classic
surveys, which only explores the technical innovations, this
paper proposes a systematic integration framework that
matches each of the stage -- from the image acquisition to Al
interpretation and the real-time response. It also investigates
recent trends, such as edge Al, synthetic data generation and
multimodal Al as future prospects in the changing landscape.

I1. THEORETICAL BACKGROUND OF IMAGE
PROCESSING AND Al TECHNOLOGIES

Automation across sectors has been revolutionized by the
combination of artificial intelligence (AI) with image
processing, which has allowed computers to perceive,
understand, and act upon visual input [8]. The theoretical
underpinnings of these technologies are described in this part,
giving readers a starting point for comprehending how they
are used together in corporate settings.

A. Theoretical Background of Image Processing and Al
Technologies
Image processing ranges from assessing and adjusting
digital images to improve their quality or extract vital
information to helping Al to achieve human-like visual
understanding. Low-level and high-level functions are the
two main categories into which image processing activities
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fall. To enhance image quality, low-level operations include
image smoothing, contrast correction, and noise removal [9].
High-level tasks, such object identification, segmentation,
and classification, concentrate on comprehending the content
of a picture. Table 1, presents a detailed comparison between
traditional automation and Al-based image processing,
highlighting differences in flexibility, accuracy, scalability,
real-time capability, and suitability for complex visual tasks
[10]. While edge detection techniques like Sobel and Canny
are used to determine boundaries and forms, techniques like
filtering assist eliminate noise or emphasize significant
features. By dividing or joining picture structures,
morphological processes like dilatation and erosion aid in the
refinement of binary images [11].

Table 1. Traditional automation vs. Al-based image processing

Traditional Al-Based Image
Feature . s
Automation Processing
Flexibility and Low — f0110w§ fixed High — learns from
" rules, requires patterns and adapts
Adaptability . .
reprogramming continuously
Moderate — limited to Very High — improves
Accuracy - . ..
programmed logic with training data
Real-time Limited — often batch High — enables real-

Capabilities

processed

time decision-making
High — scales

Scalabl_hty and Low — scaling requires efficiently with
Efficiency manual setup and labor -
minimal overhead
Human High — needs manual Low — automates
Involvement inspection repetitive visual tasks
High — rule-based
e . Low — often operates
Interpretability decisions are \ \
as a 'black box
transparent
Low — uses predefined High — needs large
Data Dependency logic annotated datasets

Excellent — handles
detection,
classification, and
more
Low — automates
processes efficiently

Use in Complex
Visual Tasks

Not suitable — struggles
with visual complexity

High — due to manual

Cost Over Time
labor

At its most fundamental level, image processing can be

divided into three categories:

e Preprocessing (low-level): Operations such as de-
noising, contrast stretching, histogram equalization, and
normalization may be performed in this stage to improve
the clarity of the image. For example, noise reduction is
important in medical imaging so that accurate diagnoses
are possible in X-rays or MRIs, while contrast
enhancement makes the viewing possible in
manufacturing defect detection systems. These
improvements ready raw images to lead to more accurate
Al reads.

o Feature extraction (mid-level): This step involves
extraction of important image features such as edges,
textures, corners and shapes, employing algorithms such
as Sobel, Canny, Laplacian edge detectors or Gabor
filters. For example, retail and security systems depend on
these features for the recognition of barcodes, facial
features or product shapes.

o Interpretation and recognition (high-level): CNNs and
transformers rely on these derived features to categorize
objects, segment areas or follow movements. For
instance, intelligent logistics system recognizes contours
and discover the types of packages, the system of health

care Al segment tumor area for the purpose of detection
at the earliest.

B. Artificial Intelligence and Machine Learning in Visual
Tasks

Systems can learn patterns from data and make wise
judgments thanks to artificial intelligence (Al), especially
machine learning (ML) and deep learning (DL) [12].
Convolutional Neural Networks (CNNs) are essential for
image-related activities. CNNs use convolutional, pooling,
and fully connected layers to automatically learn the spatial
hierarchies of features.

Notable models and architectures include:

o LeNet-5 and AlexNet: Pioneered the use of deep CNNs
in image classification.

e ResNet: Introduced residual learning to combat vanishing
gradients in deep networks.

e YOLO (You Only Look Once) and Faster R-CNN:

Used for real-time object detection.

o Generative Adversarial Networks (GANSs): For image
synthesis and enhancement.

C. Al-Based Image Processing for Automation

The foundation of intelligent visual systems used in
business automation is the combination of artificial
intelligence (AI) with image processing [13]. Image
processing techniques enhance raw visual data by extracting
meaningful features such as edges, textures, and shapes,
making the data more suitable for further analysis. Al models,
particularly deep learning algorithms like convolutional
neural networks (CNNs), which are very accurate at
classifying, detecting, or segmenting objects, use these
processed photos as structured inputs [14]. Complex
operations like OCR-based document scanning in financial
services, facial recognition in security systems, and flaw
detection in manufacturing may all be automated using this
combination. While AI allows computers to learn from
patterns and make judgments in real time, image processing
guarantees the quality and clarity of data [15]. When
combined, they provide effective and scalable solutions that
surpass conventional rule-based systems. In addition to
decreasing the need for manual inspection, this synergy
improves speed, consistency, and accuracy, making it a
potent facilitator of next-generation business automation in a
variety of industries.

III.  ARTIFICIAL INTELLIGENCE AND MACHINE
LEARNING

Artificial Intelligence (AI) and Machine Learning (ML)
are revolutionizing industries by enabling machines to mimic
human intelligence [16]. Al encompasses reasoning,
problem-solving, and perception, while ML allows systems
to learn from data without explicit programming.
Applications include chatbots, recommendation systems, and
autonomous vehicles. Al can be narrow (task-specific) or
general (human-like intelligence), with ML techniques like
supervised, unsupervised, and reinforcement learning driving
advancements [17]. These technologies enhance efficiency,
automation, and decision-making across healthcare, finance,
and more.
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Overview and Importance in Business Automation:
Modern business automation now relies heavily on Al
and machine learning (ML) [18]. AI performs tasks like
sensing, reasoning, and decision-making, mimicking
human intelligence. A key branch, machine learning
(ML), enables systems to learn from data without explicit
programming. These technologies streamline complex
processes, boost accuracy, and reduce manual effort
across industries such as manufacturing, finance,
healthcare, and retail.

Deep Learning and Convolutional Neural Networks
(CNNs):  Processing visual data has advanced
significantly thanks to deep learning, a potent subfield of
machine learning [19]. Convolutional Neural Networks
(CNNs), which are designed to identify patterns in visual
inputs, are at the core of deep learning for image analysis
[20]. CNNs learn spatial hierarchies in pictures using
layers of convolution, pooling, and nonlinear activation
functions. Highly accurate performance in applications
like object identification, picture categorization, and
medical diagnosis has been made possible by
architectures like LeNet-5, AlexNet, VGGNet, and
ResNet [21]. These networks are perfect for commercial
applications that depend on visual data because they
eliminate the requirement for human feature extraction.
Advanced Vision Models and Transformers:
Transformer-based models are new to the field of
computer vision thanks to recent developments [22]. The
Vision Transformer (ViT) enhances performance in
identifying long-range relationships in pictures by
applying self-attention processes, which were initially
created for natural language processing, to visual tasks
[22]. Furthermore, real-time object identification is made
possible by models like YOLO (You Only Look Once)
and Faster R-CNN, opening up possibilities for robots,
autonomous cars, and smart surveillance [23]. For real-
time business activities, speed and accuracy are essential,
and these sophisticated structures provide both.

Transfer Learning and Pre-trained Models: Transfer
learning is one of the most useful innovations for
corporate adoption. This method entails fine-tuning an
existing model (such as one trained on ImageNet) for a
particular job or topic [24]. High computing resources and
huge datasets are significantly reduced via transfer
learning [25]. Models may be quickly implemented by
businesses for tasks like biometric authentication in
security systems, document categorization in finance, and
defect detection in manufacturing.

Unsupervised and  Reinforcement  Learning
Approaches: Unsupervised learning and reinforcement
learning are being investigated more and more, even if
supervised learning is still the most common [26].
Unsupervised learning is helpful for anomaly detection
and customer segmentation because it may uncover
hidden patterns or groups in unlabeled data.
Reinforcement learning, which is perfect for applications
like automated warehouse navigation or robotic control,
teaches agents to make consecutive decisions by
interacting with their surroundings [27]. The adaptability
of Al systems in automating dynamic or changing
activities is increased by these learning methodologies.

IV. INTEGRATION OF IMAGE PROCESSING WITH Al

Artificial intelligence (Al) and image processing work
together to provide a potent synergy that allows automated
systems to comprehend and respond to visual data instantly.
Table 2, illustrates the sequential framework for integrating
image processing with Al in business automation,
highlighting each stage's purpose, core techniques, and the
resulting benefits that enhance operational efficiency,
decision-making accuracy, scalability, and intelligent real-
time responsiveness. While image processing focuses on
enhancing, transforming, and extracting information from
raw images, Al algorithms analyze these features to perform
higher-level tasks such as classification, prediction, and
decision-making. This integration is vital for intelligent
business automation systems that rely on visual inputs.

Table 2. Framework for the integration of image processing and artificial
intelligence in business automation

Key

Stage Description Techniques / Business
Benefits
Models
. Enables real-
Capturing raw . .
Image image data Digital cameras, time data
Lo CCTV, medical collection from
Acquisition from cameras .
scanners physical
or scanners .
environments
Enhancing Den01§ ng, Improves
. - filtering, .
Image image quality contrast clarity and
Preprocessing and isolating prepares data
features enhancement, for analysis
thresholding
Identifyi . . .
dentifying Edge detection, Simplifies
edges, shapes, . .
Feature segmentation, complex images
. textures, or . .
Extraction . morphological for machine
regions of . .
: operations understanding
interest
Using AI to Enables
classify, intelligent
detect, or CNNs, YOLO, -
Al-Based . decision-
. make ResNet, Vision .
Interpretation . . making and
decisions Transformers
pattern
based on recognition
processed data g
A .
utomating Supports fast,
decisions or
. . . Embedded autonomous
Real-Time triggering
. systems, edge responses and
Action workflows .
Al cloud APIs operational
based on Al sneed
outputs P
Updatmg Transfer Enhances
models using . .
. learning, online system
Continuous new data for . . :
. . learning, intelligence and
Learning improved . g
reinforcement scalability over
accuracy and learnin, time
adaptability &

A. Role of Image Processing in Preparing Visual Data

An essential first step in the Al-driven visual automation
pipeline is image processing [28]. Raw photos from cameras
or scanners are frequently grainy, have poor contrast, or are
overflowing with extraneous details. To increase picture
quality and extract valuable information, techniques
including  segmentation, edge detection, contrast
enhancement, and denoising are used. These processes
prepare the data for artificial intelligence algorithms to
analyze. Edge detection and segmentation, for example, may
separate regions of interest, like cracks or dents, in quality

Md Redwan Laskar, Image Processing and Artificial Intelligence in Business Automation: A Review



Control Systems and Optimization Letters, Vol. 3, No 3, 2025

283

control systems, while noise reduction guarantees that Al
models get clear, targeted inputs [29]. Furthermore,
morphological processes like erosion or dilation sharpen
object boundaries, improving the precision of later Al-based
categorization. Preprocessing methods like thresholding and
skew correction enhance character separation for optical
character recognition (OCR) in situations requiring
documents or handwriting recognition [30]. As a result,
image processing serves as a link between intelligent
interpretation and raw picture capture, making sure that
visual data is optimized prior to Al inference.

B. Al Models for Visual Understanding

Once image data is preprocessed, artificial intelligence
models interpret the structured information to recognize
patterns and generate predictions [31]. Deep learning,
particularly using Convolutional Neural Networks (CNNs),
is the most widely adopted approach for visual understanding
[32]. CNNs learn spatial hierarchies of features, enabling
them to classify images, detect objects, and localize regions
of interest [33]. For example, in a smart retail environment,
Al models can analyze video frames to detect customer
emotions, estimate age groups, or identify repeat visitors all
based on processed visual cues. In manufacturing, Al models
are used to classify defects, assess product alignment, and
verify dimensions in real time. Features extracted through
image processing such as edges, textures, and contours are
critical for accurate analysis. Advanced architectures like
YOLO and Vision Transformers (ViT) have significantly
advanced real-time performance and model generalization,
enabling more precise and scalable industrial automation
[34]. By combining spatial intelligence with learned context,
Al models enable machines not only to “see” images but also
to “understand” and act upon them effectively.

C. Real-World Synergy and Business Impact

Al and image processing have combined to automate
visual activities quickly and accurately, enabling dramatic
improvements in a number of sectors. Product photos taken
by high-resolution cameras are processed in the production
process to improve edges and contrast. Artificial intelligence
programs then identify defects that are not evident to the
human eye, including misalignments or microcracks [35].
Image processing is used to clean scanned documents in the
financial industry, and Al-driven OCR and NLP systems are
used to extract and validate customer information. To identify
tumors or classify diseases, deep learning models examine
radiography pictures after they have been improved and
segmented. Smart surveillance systems are used by retail
enterprises to monitor consumer behavior, minimize theft, or
optimize store layout. These systems employ Al to
understand processed video streams. Decision-making is
sped up, manual labor is decreased, and operational precision
is enhanced by this synergy. This connectivity is strategically
important for business automation because it allows
enterprises to expand visual inspection and monitoring across
several locations while preserving consistency and
dependability.

D. Benefits and Efficiency Gains

Businesses may greatly increase speed, scalability, and
decision-making accuracy by integrating Al with image

processing [36][37]. First, it makes it possible to analyze
visual data in real time, which is essential in fields like quality
assurance, automated surveillance, and driverless cars.
Second, by decreasing human error, particularly in recurrent
visual inspection jobs, it improves operational accuracy.
Third, it facilitates fatigue-free 24/7 automation, enabling
systems to run continuously at scale. Another significant
advantage is cost effectiveness; automation boosts
productivity while lowering labor expenses. Furthermore, Al
systems are able to adapt over time by learning from fresh
data. For example, retraining a manufacturing defect
detection algorithm with novel defect types might increase
resilience. By providing real-time face verification in
banking or quick checkout utilizing image-based product
recognition in retail, for instance, this connection also
enhances the consumer experience. Additionally, Al
interpretation is made simpler by the organized output of
image processing, which lowers computing complexity and
speeds up processing [38]. Consequently, companies are able
to implement more intelligent and effective systems that react
to visual information in real-world settings.

V. APPLICATIONS IN BUSINESS AUTOMATION

Al-based image processing is essential to the
transformation of company operations because it automates
visual activities including surveillance, data extraction, facial
recognition, and quality inspection [39]. By integrating
digital image analysis and machine learning, companies can
make data-driven choices more quickly, boost productivity,
and decrease human error [40]. This technology increases
accuracy and simplifies processes for operations that need

visual inputs in both manufacturing and retail. It makes
intelligent and scalable automation possible, which
eventually increases output and improves customer

satisfaction across sectors.

A. Quality Control in Manufacturing

Al-based image processing is revolutionizing quality
assurance in manufacturing by automating tasks such as
measurement, inspection, and defect detection. High-
resolution cameras and sensors continuously capture images
of products on production lines. These images are then
preprocessed to reduce noise and enhance critical features,
enabling accurate identification of surface defects, scratches,
missing components, and misalignments. Deep learning
models, usually Convolutional Neural Networks (CNNs), are
then used for analysis. Al systems can work quickly and
accurately, which lowers the need for rework and product
recalls [41]. This is in contrast to traditional manual
inspection, which is laborious and prone to errors.
Reinforcement learning is also used by certain sophisticated
systems to learn from past errors or emerging fault patterns
and adapt and get better over time. Furthermore, computer
vision and 3D imaging methods are being combined to
provide more accurate surface profiling and dimensional
assessments [42]. By locating the underlying causes of flaws
early in the manufacturing cycle, these technologies provide
predictive maintenance and process improvement.
Businesses gain from higher throughput, better product
quality, and notable labor and operating cost savings as a
result.
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B. Smart Retail and Inventory Management

Inventory management, shelf monitoring, and consumer
behavior analysis are all being improved by Al-driven picture
processing, which is revolutionizing the retail sector [43].
Aisles and shelves with cameras mounted provide real-time
views of merchandise and stock levels in smart retail settings.
Utilizing object detection models like YOLO or Faster R-
CNN, these photos are examined to determine if goods are
mislabeled, out of stock, or misplaced [44]. Automated
checkout systems that visually identify items without
barcodes are also made possible by image recognition.
Additionally, Al-based video analytics track consumer
movement, dwell time, and interaction with displays to
provide insights into consumer buying patterns and optimize
shop design. Advertising can be personalized or product
suggestions can be dynamically modified with the use of
facial recognition. Retailers may lower stockouts, eliminate
loss, and boost operational efficiency by automating
inventory management and recording customer interactions.
The integration of image processing with intelligent visual
systems drives these advances, which in turn result in
improved customer experiences, increased sales conversions,
and optimized operations.

C. Healthcare Diagnostics and Medical Imaging

Al-based image processing plays a pivotal role in modern
healthcare, particularly in diagnostics and medical imaging
[45]. Medical images such as X-rays, MRIs, and CT scans are
preprocessed using techniques like contrast enhancement,
segmentation, and noise removal to ensure clarity. Deep
learning models, especially CNNs and transformer-based
networks, are then used to detect anomalies, classify disease
patterns, and support diagnosis [46]. For example, Al systems
can identify tumors, fractures, or organ abnormalities with
accuracy comparable to expert radiologists. In pathology,
high-resolution slides are scanned and analyzed to detect
cancer cells or infections. Al also assists in ophthalmology
for diagnosing diabetic retinopathy and glaucoma through
retinal image analysis [47]. Furthermore, real-time analysis
of ultrasound and ECG images supports point-of-care
decisions. These systems reduce diagnostic time, improve
detection rates, and help address the shortage of skilled
specialists in underserved areas. With proper validation and
regulatory approval, Al-powered diagnostic tools are
becoming vital in telemedicine, early disease detection, and
personalized treatment planning enhancing both clinical
outcomes and healthcare accessibility.

D. Document Processing and Financial Services

Al-based image processing is simplifying banking sector
processes including fraud detection, document verification,
and client onboarding [48]. Financial organizations
frequently deal with scanned paperwork, checks, ID papers,
and handwritten signatures, all of which need precise
information extraction [49]. Scanned pictures are
preprocessed using methods like noise reduction,
thresholding, and skew correction to make them easier to
read. Names, account numbers, and dates are followed by the
extraction and classification of data using AI models, namely
Optical Character Recognition (OCR) combined with Natural
Language Processing (NLP). In order to verify clients, face
recognition software compares real-time photos with

identification papers in fraud detection. Additionally, image
processing makes it possible for signature verification
systems to identify frauds. These solutions improve
compliance with KYC (Know Your Customer) rules,
expedite processing times, and drastically minimize mistakes
associated with human data entry. Financial organizations
may increase accuracy, guarantee security, and provide
services more quickly by automating these visual operations.
This also lowers operating expenses and minimizes the risks
associated with human monitoring.

E. Logistics and Smart Transportation

Image processing makes tracking, inspection, and
navigation automated in logistics and transportation [50].
Warehouses and transportation hubs are equipped with
cameras that take pictures of products, parcels, and cars [51].
These photos are analyzed in real time for quality assurance
and tracking purposes. Visual tagging can reduce the need for
manual scanning by taking the role of object identification
and barcode scanning. Artificial Intelligence (Al) is used in
smart transportation systems to evaluate road and traffic
images for cargo load certification, license plate reading
(ANPR), and vehicle recognition. Artificial intelligence (AI)
processes visual data to help autonomous delivery robots and
cars navigate, avoid obstacles, and choose the best routes.
Large warehouse inventory checks and roadside monitoring
are two applications for drones with vision systems.
Furthermore, machine learning and high-resolution
photography are used to automate the visual evaluation of
vehicle wear and tear, such as tire damage or cargo integrity.
These solutions make logistics more intelligent, secure, and
effective by improving operational safety, lowering human
error, and enabling real-time supply chain activity monitoring
and optimization.

VI. BENEFITS OF IMAGE PROCESSING AND Al
INTEGRATION

Artificial intelligence (Al) and image processing together
provide significant benefits in a number of commercial fields,
improving operational capabilities and strategic decision-
making [52]. Improved visual intelligence is one of the
biggest advantages; systems can now effectively understand
images in addition to just taking them. AI models can
accurately identify, detect, or analyze visual patterns thanks
to image processing, which improves raw pictures by
removing noise, boosting contrast, and extracting features.
Applications such as document verification, facial
recognition, medical diagnostics, and flaw identification
become more accurate as a result. Additionally, the
combination allows for real-time responsiveness and
intelligent automation. To increase safety, productivity, and
user experience, businesses may use systems that respond
instantaneously to visual input. For example, these systems
can identify consumers at entrance points or stop machines
when defects are spotted. By decreasing the need for human
labor, lowering mistake rates, and cutting down on operating
delays, these technologies also increase efficiency. Al-
integrated imaging systems, in contrast to conventional
processes, are scalable and can adjust to increasing data
quantities without experiencing a linear cost rise [53]. These
technologies provide dependable, always-on automation
whether they are used in cloud settings or edge devices. Al
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models keep learning from fresh data over time, which makes

the systems more intelligent, quicker, and equipped to

manage challenging visual tasks in ever-changing
commercial settings.

e The integration of Al with image processing empowers
systems to interpret complex visual data with human-like
consistency, significantly improving accuracy in tasks
such as defect detection, facial recognition, and medical
diagnostics.

e Businesses can quickly identify changes, initiate
automatic activities, and make choices by fusing Al and
real-time image processing. This is perfect for fast-paced
industries where speed is crucial, such as manufacturing,
retail, security, and transportation.

e Al-integrated image processing automates repetitive
visual tasks, reducing manual labor costs, enhancing
consistency, and minimizing errors. By enabling early
problem detection and optimizing resource utilization, it
also supports predictive maintenance and lowers overall
operational expenses.

e Al-based image systems can handle increasing data
volumes without added costs, allowing businesses to
expand operations efficiently while maintaining speed,
accuracy, and performance across multiple locations or
platforms.

VII. CHALLENGES AND FUTURE WORK

Despite the revolutionary potential of integrating Al with
image processing, a number of issues need to be resolved for
wider and more responsible implementation. The reliance on
high-quality, labeled datasets is one of the main technological
problems. Large amounts of annotated pictures are necessary
for training efficient Al models, but this process may be
expensive,  time-consuming, and  domain-specific.
Furthermore, the "black box" problem the lack of
transparency in deep learning models makes it challenging to
understand judgments, particularly in crucial industries like
healthcare or finance. High computing resources are also
required for real-time deployment, which might be a deterrent
for startups or small enterprises with limited resources.
Implementation is made more difficult by ethical worries
about prejudice, monitoring, and data privacy, especially
when it comes to applications requiring biometric or face
recognition data.

e Focus on developing interpretable Al models that provide
transparent decision-making processes, especially in
critical sectors like healthcare, finance, and law
enforcement.

e Advance lightweight, energy-efficient models that can
operate directly on edge devices, enabling faster real-time
processing without relying on cloud infrastructure.

e Use Generative Adversarial Networks (GANs) and
simulation tools to create artificial training data, reducing
reliance on costly, annotated real-world datasets.

e Combine image data with other modalities like audio,
text, or sensor data to improve contextual understanding
and enable richer, more accurate Al predictions.

e Implement Al models that ensure user data privacy
through techniques like federated learning, differential
privacy, and encrypted model training.

o Industry standards and regulations to ensure the ethical,
unbiased, and responsible use of Al-based image
processing in business.

VIII. CONCLUSION

In conclusion, Business automation is changing as a result
of the combination of artificial intelligence (AI) and image
processing. The theoretical underpinnings, integration
frameworks, real-world applications, advantages, and new
difficulties of integrating these technologies to improve
operational intelligence have all been covered in this study.
Businesses can automate complicated operations with a
degree of accuracy, speed, and adaptability that exceeds
traditional systems by giving robots machines that interpret
and act on visual data and act upon visual input. The effects
of Al-based image processing are seen in a wide range of
industries, including manufacturing, healthcare, finance,
transportation, and retail. Intelligent systems can now
identify faults, validate identities, extract insights from
papers, and understand visual surroundings in real time. This
results in faster decision-making, improved accuracy, higher
throughput, and lower labor expenses. Furthermore, these
systems may change over time thanks to adaptive models and
continual learning, which increases their usefulness and
effectiveness even more.

But there are certain difficulties in integrating this
technology. It is necessary to handle issues including the
requirement for sizable annotated datasets, model
interpretability, data privacy, and computational costs. In
order to ensure responsible deployment, ethical concerns and
legal frameworks are also essential. Looking ahead,
explainable Al, edge computing, synthetic data production,
and multi-modal integration are key components of
intelligent visual automation. These developments will make
Al-powered image processing even more accessible,
enabling small and medium-sized businesses to take
advantage of its potential. In conclusion, the strategic
convergence of image processing and Al marks a
groundbreaking shift for businesses aiming to modernize
operations and secure a competitive advantage. Backed by
ongoing research, ethical oversight, and rapid innovation, this
fusion will be the driving force behind the next era of
intelligent, scalable, and future-ready automation.

REFERENCES

[11 S. K. Sundaramurthy, N. Ravichandran, A. C. Inaganti, and R.
Muppalaneni, “Unifying Al and Automation: A Multi-Domain
Approach to Intelligent Enterprise Transformation,” Journal of
Advanced Computing Systems,vol. 1, no. 11, pp. 1-9, 2021,
https://scipublication.com/index.php/JACS/article/view/137.

[2] C. M. Rosca, “Comparative Analysis of Object Classification
Algorithms:  Traditional Image Processing Versus Artificial
Intelligence—Based Approach,” Rom. J. Pet. Gas Technol, pp. 169-
180, 2023, https://doi.org/10.51865/JPGT.2023.02.17.

[3] S. Afrin, S. Roksana and R. Akram, "Al-Enhanced Robotic Process
Automation: A Review of Intelligent Automation Innovations,"
in [EEE Access, vol. 13, pp- 173-197,
2025, https://doi.org/10.1109/ACCESS.2024.3513279.

[4] S. Elhajjar, L. Yacoub, and H. Yaacoub, “Automation in business
research: systematic literature review,” Information Systems and e-
Business Management, vol. 21, no. 3, pp. 675-698, 2023,
https://doi.org/10.1007/s10257-023-00645-z.

[S] H. Ghelani, “Al-Driven Quality Control in PCB Manufacturing:
Enhancing Production Efficiency and Precision,” Valley International

Md Redwan Laskar, Image Processing and Artificial Intelligence in Business Automation: A Review


https://scipublication.com/index.php/JACS/article/view/137
https://doi.org/10.51865/JPGT.2023.02.17
https://doi.org/10.1109/ACCESS.2024.3513279
https://doi.org/10.1007/s10257-023-00645-z

Control Systems and Optimization Letters, Vol. 3, No 3, 2025

286

(71

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Journal Digital Library, pp- 1549-1564, 2024,

https://doi.org/10.18535/ijsrm/v12i10.ec06.

M. Siek and R. Soeharto, "Developing Automated Optical Character
Recognition System Using Machine Learning Algorithm to Solve
Payment Verification Issues," 2021 3rd International Conference on
Cybernetics and Intelligent System (ICORIS), pp. 1-6,2021,
https://doi.org/10.1109/ICORIS52787.2021.9649514.

M. D. Venkata, V. Karneedi, S. sri padmaja Yandamuri, and N. P.
Siddi, “Al-Enhanced Digital Mirrors: Empowering Women's Safety
and Shopping Experiences,” In Wearable Devices, Surveillance
Systems, and Al for Women's Wellbeing, pp. 26-51, 2024,
https://doi.org/10.4018/979-8-3693-3406-5.ch003.

P. S. Aithal, “Enhancing Industrial Automation through Efficient
Technology Management in Society,” International Journal of Applied
Engineering and Management Letters (IJAEML), vol. 7,no. 4, pp. 184-
215, 2023, https://doi.org/10.47992/1JAEML.2581.7000.0199.

D. Bhatt et al., “CNN variants for computer vision: History,

architecture, application, challenges and future
scope,” Electronics, vol. 10, no. 20, p. 2470, 2021,
https://doi.org/10.3390/electronics10202470.

R. Obuchowicz, M. Strzelecki, and A. Piorkowski, “Clinical

applications of artificial intelligence in medical imaging and image
processing—A review,” Cancers, vol. 16, no. 10, p. 1870, 2024,
https://doi.org/10.3390/cancers16101870.

Z. Rudnicka, J. Szczepanski, and A. Pregowska, “Artificial
intelligence-based algorithms in medical image scan segmentation and
intelligent visual content generation—A concise
overview,” Electronics,vol. 13, no. 4, p. 2024,
https://doi.org/10.3390/electronics 13040746.

M. Shehata and M. Elhosseini, “Charting New Frontiers: Insights and
Future Directions in ML and DL for  Image
Processing,” Electronics, vol. 13, mno. 7, p. 1345, 2024,
https://doi.org/10.3390/electronics 13071345.

M. Mamun, S. Bin Shawkat, M. S. Ahammed, M. M. Uddin, M. 1.
Mahmud and A. M. Islam, "Deep Learning Based Model for
Alzheimer's Disease Detection Using Brain MRI Images," 2022 IEEE
13th  Annual Ubiquitous Computing, Electronics & Mobile
Communication Conference (UEMCON), pp. 0510-0516,2022,
https://doi.org/10.1109/UEMCONS54665.2022.9965730.

S. S. Kshatri and D. Singh, “Convolutional neural network in medical
image analysis: a review,” Archives of Computational Methods in
Engineering, vol. 30, no. 4, pp. 2793-2810, 2023,
https://doi.org/10.1007/s11831-023-09898-w.

X. Liu, M. Pedersen, and R. Wang, “Survey of natural image
enhancement techniques: Classification, evaluation, challenges, and
perspectives,” Digital Signal Processing, vol. 127, p. 103547, 2022,
https://doi.org/10.1016/j.dsp.2022.103547.

T. V. N. Rao, A. Gaddam, M. Kurni, and K. Saritha, “Reliance on
artificial intelligence, machine learning and deep learning in the era of
industry 4.0,” Smart healthcare system design: security and privacy
aspects, pp. 281-299, 2022,
https://doi.org/10.1002/9781119792253.ch12.

E. F. Morales and H. J. Escalante, “A brief introduction to supervised,
unsupervised, and reinforcement learning,” In Biosignal processing
and classification using computational learning and intelligence, pp.
111-129, 2022, https://doi.org/10.1016/B978-0-12-820125-1.00017-8.

N. L. Rane, M. Paramesha, S. P. Choudhary, and J. Rane, “Artificial
intelligence, machine learning, and deep learning for advanced
business strategies: a review,” Partners Universal International
Innovation  Journal,vol. 2, mno. 3, pp. 147-171, 2024,
https://doi.org/10.2139/ssr.4835661.

K. Razzaq and M. Shah, “Machine learning and deep learning
paradigms: From techniques to practical applications and research
frontiers,” Computers, vol. 14,  no. 3, p 93, 2025,
https://doi.org/10.3390/computers14030093.

S. N. Igbal, A. Qureshi, J. Li, and T. Mahmood, “On the analyses of
medical images using traditional machine learning techniques and
convolutional neural networks,” Archives of Computational Methods
in  Engineering,vol. 30, mno. 5, pp. 3173-3233, 2023,
https://doi.org/10.1007/s11831-023-09899-9.

G. Vempati, T. Paladugu, J. Sama, R. T. Kamineni and S. Kamepalli,
"Evaluating CNN and Deep Learning Models for Bone Fracture

746,

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

[36]

Detection: A Comparative Study of VGG19, ResNet-50, LeNet and
DenseNet," 2024 First International Conference on Innovations in
Communications, Electrical and Computer Engineering (ICICEC),
Davangere, India, 2024, pp- 1-8,2024,
https://doi.org/10.1109/ICICEC62498.2024.10808468.

L. Yuan et al., "Tokens-to-Token ViT: Training Vision Transformers
from Scratch on ImageNet," 2021 IEEE/CVF International Conference
on Computer Vision (ICCV), Montreal, QC, Canada, 2021, pp. 538-
547, 2021, https://doi.org/10.1109/ICCV48922.2021.00060.

F. T. Liza, M. C. Das, P. P. Pandit, A. Farjana, A. M. Islam and F.
Tabassum, "Machine Learning-Based Relative Performance Analysis
for Breast Cancer Prediction," 2023 [EEE World Al IoT Congress
(AlloT), pp. 0007-0012, 2023,
https://doi.org/10.1109/A1l0T58121.2023.10174469.

K. You, Y. Liu, J. Wang, and M. Long, “Logme: Practical assessment
of pre-trained models for transfer learning,” In International
Conference on Machine Learning, pp. 12133-12143, 2021,
https://proceedings.mlr.press/v139/you2 1b.html.

A. W. Salehi, et al., “A study of CNN and transfer learning in medical
imaging: Advantages, challenges, future scope,” Sustainability, vol.
15, no. 7, p. 5930, 2023, https://doi.org/10.3390/sul5075930.

E. F. Morales, and H. J. Escalante, “A brief introduction to supervised,
unsupervised, and reinforcement learning,” In Biosignal processing
and classification using computational learning and intelligence, pp.
111-129, 2022, https://doi.org/10.1016/B978-0-12-820125-1.00017-8.

A.Igdymat and G. Stamatescu, “Reinforcement Learning of a Six-DOF
Industrial Manipulator for Pick-and-Place Application Using Efficient
Control in Warehouse Management,” Sustainability, vol. 17, no. 2, p.
432, 2025, https://doi.org/10.3390/sul 7020432.

M. Mamun, M. I. Mahmud, M. I. Hossain, A. M. Islam, M. S.
Ahammed and M. M. Uddin, "Vocal Feature Guided Detection of
Parkinson’s Disease Using Machine Learning Algorithms," 2022 IEEE
13th  Annual Ubiquitous Computing, Electronics & Mobile
Communication Conference (UEMCON), pp. 0566-0572,2022,
https://doi.org/10.1109/UEMCONS54665.2022.9965732.

K. Heidler, L. Mou, C. Baumhoer, A. Dietz and X. X. Zhu, "HED-
UNet: Combined Segmentation and Edge Detection for Monitoring the
Antarctic Coastline," in IEEE Transactions on Geoscience and Remote
Sensing, vol. 60, pp- 1-14, 2022,
https://doi.org/10.1109/TGRS.2021.3064606.

R. Dey, R. C. Balabantaray, S. Mohanty, D. Singh, M. Karuppiah and
D. Samanta, "Approach for Preprocessing in Oftline Optical Character
Recognition (OCR)," 2022 Interdisciplinary Research in Technology
and Management (IRTM), pp- 1-6, 2022,
https://doi.org/10.1109/IRTM54583.2022.9791698.

R. Dey, R. C. Balabantaray, S. Mohanty, D. Singh, M. Karuppiah and
D. Samanta, "Approach for Preprocessing in Offline Optical Character
Recognition (OCR)," 2022 Interdisciplinary Research in Technology
and Management (IRTM), pp- 1-6, 2022,
https://doi.org/10.1177/11206721221096294.

Z. Li, F. Liu, W. Yang, S. Peng and J. Zhou, "A Survey of
Convolutional Neural Networks: Analysis, Applications, and
Prospects," in IEEE Transactions on Neural Networks and Learning
Systems,  vol. 33, no. 12,  pp. 6999-7019, 2022,
https://doi.org/10.1109/TNNLS.2021.3084827.

M. S. Morshed, S. Ahmed, T. Ahmed, M. U. Islam and A. B. M.
Ashikur Rahman, "Fruit Quality Assessment with Densely Connected
Convolutional Neural Network," 2022 12th International Conference
on Electrical and Computer Engineering (ICECE), Dhaka,
Bangladesh, 2022, 1-4, 2022,
https://doi.org/10.1109/ICECE57408.2022.10088873.

F. T. Liza, M. C. Das, P. P. Pandit, A. Farjana, A. M. Islam and F.
Tabassum, "Machine Learning-Based Relative Performance Analysis
for Breast Cancer Prediction," 2023 [EEE World Al IoT Congress
(AlloT), Seattle, WA, USA, 2023, pp. 0007-0012, 2023,
https://doi.org/10.1109/A110T58121.2023.10174469.

J. Wang, S. Wang, and Y. Zhang, “Artificial intelligence for visually
impaired,” Displays, vol. 77, p- 102391, 2023,
https://doi.org/10.1016/j.displa.2023.102391.

M. E. Hossain, M. T. R. Tarafder, N. Ahmed, A. Al Noman, M. 1.
Sarkar, and Z. Hossain, “Integrating Al with Edge Computing and
Cloud Services for Real-Time Data Processing and Decision
Making,” International Journal of Multidisciplinary Sciences and

Md Redwan Laskar, Image Processing and Artificial Intelligence in Business Automation: A Review


https://doi.org/10.18535/ijsrm/v12i10.ec06
https://doi.org/10.1109/ICORIS52787.2021.9649514
https://doi.org/10.4018/979-8-3693-3406-5.ch003
https://doi.org/10.47992/IJAEML.2581.7000.0199
https://doi.org/10.3390/electronics10202470
https://doi.org/10.3390/cancers16101870
https://doi.org/10.3390/electronics13040746
https://doi.org/10.3390/electronics13071345
https://doi.org/10.1109/UEMCON54665.2022.9965730
https://doi.org/10.1007/s11831-023-09898-w
https://doi.org/10.1016/j.dsp.2022.103547
https://doi.org/10.1002/9781119792253.ch12
https://doi.org/10.1016/B978-0-12-820125-1.00017-8
https://doi.org/10.2139/ssrn.4835661
https://doi.org/10.3390/computers14030093
https://doi.org/10.1007/s11831-023-09899-9
https://doi.org/10.1109/ICICEC62498.2024.10808468
https://doi.org/10.1109/ICCV48922.2021.00060
https://doi.org/10.1109/AIIoT58121.2023.10174469
https://proceedings.mlr.press/v139/you21b.html
https://doi.org/10.3390/su15075930
https://doi.org/10.1016/B978-0-12-820125-1.00017-8
https://doi.org/10.3390/su17020432
https://doi.org/10.1109/UEMCON54665.2022.9965732
https://doi.org/10.1109/TGRS.2021.3064606
https://doi.org/10.1109/IRTM54583.2022.9791698
https://doi.org/10.1177/11206721221096294
https://doi.org/10.1109/TNNLS.2021.3084827
https://doi.org/10.1109/ICECE57408.2022.10088873
https://doi.org/10.1109/AIIoT58121.2023.10174469
https://doi.org/10.1016/j.displa.2023.102391

Control Systems and Optimization Letters, Vol. 3, No 3, 2025 287
Arts, vol. 2, no. 4, pp- 252-261, 2023, [45] R. Obuchowicz, M. Strzelecki, and A. Piorkowski, “Clinical
https://doi.org/10.47709/ijmdsa.v2i1.2559. applications of artificial intelligence in medical imaging and image

[37] A.Santosoand Y. Surya, “Maximizing Decision Efficiency with Edge- processing—A review,” Cancers, vol. 16, no. 10, p. 1870, 2024,
Based Al Systems: Advanced Strategies for Real-Time Processing, https://doi.org/10.3390/cancers16101870.
Scalability, and Autonomous Intelligence in  Distributed [46] M. M. Rahman, A. M. Islam, J. Miah, S. Ahmad and M. M. Hasan,
Environments,” Quarterly Journal of Emerging Technologies and "Empirical Analysis with Component Decomposition Methods for
Innovations, vol. 9, no. 2, Pp- 104-132, 2024, Cervical Cancer Risk Assessment," 2023 I[EEE World Al IoT Congress
https://vectoral.org/index.php/QJET /article/view/144. (AlloT), pp. 0513-0519, 2023,
[38] J. Zhang, et al., “A comprehensive review of image analysis methods https://doi.org/10.1109/AlloT58121.2023.10174477.
for microorganism counting: from classical image processing to deep [47] A. Shoukat and S. Akbar, “Artificial intelligence techniques for
learning approaches,” Artificial Intelligence Review, pp. 1-70, 2022, glaucoma detection through retinal images: State of the art,” Artificial
https://doi.org/10.1007/s10462-021-10082-4. Intelligence and Internet of Things, pp. 209-240, 2021,
[39] V. Nain, H. S. Shyam, N. Kumar, P. Tripathi, and M. Rai, “A study on https://doi.org/10.1201/9781003097204-9.
object detection using artificial intelligence and image processing— [48] L. A. R. Aziz and Y. Andriansyah, “The role artificial intelligence in
based methods,” Mathematical Models Using Artificial Intelligence for modern banking: an exploration of Al-driven approaches for enhanced
Surveillance Systems, pp- 121-148, 2024, fraud prevention, risk management, and regulatory
https://doi.org/10.1002/9781394200733.cheé. compliance,” Reviews of Contemporary Business Analytics, vol. 6, no.
[40] B. 1. Adekunle, E. C. Chukwuma-Eke, E. D. Balogun, and K. O. 1, pp- “0"132’ i 2023,
Ogunsola, “Machine learning for automation: Developing data-driven https://researchberg.com/index.php/rcba/article/view/153.
solutions for process optimization and accuracy [49] M. Utkina, “Digital identification and financial monitoring: New
improvement,” Machine  Learning,vol. 2, no. 1, 2021, technologies in the fight against crime,” Scientific Journal of Polonia
https://doi.org/10.54660/.1IMRGE.2021.2.1.800-808. University, vol. 58, no. 3, pp. 303-308, 2023,
[41] P.Rydén and O. El Sawy, “Real-time management: When Al goes fast https://doi.org/10.23856/5842.
and flow,” In Platforms and Artificial Intelligence: The Next [50] M. Di Capua, A. Ciaramella, and A. De Prisco, “Machine learning and
Generation of Competences, pp- 225-243, 2022, computer vision for the automation of processes in advanced logistics:
https://doi.org/10.1007/978-3-030-90192-9 11. The integrated logistic platform (ILP) 4.0,” Procedia Computer
[42] H. Shang, C. Liu, and R. Wang, “Measurement methods of 3D shape Science, vol. 217, pp. 326-338, 2023,
of large-scale complex surfaces based on computer vision: A https://doi.org/10.1016/j.procs.2022.12.228.
review,” Measurement, vol. 197, p- 111302, 2022, [51] N.S.S, V.K. Pandey and A. K. Sharma, "Real-Time Motion Detection
https://doi.org/10.1016/j.measurement.2022.111302. for Cargo Tracking and Management in Industrial Warehouses," 2024
[43] W. Villegas-Ch, A. M. Navarro, and S. Sanchez-Viteri, “Optimization International Conference on Optimization Computing and Wireless
of inventory management through computer vision and machine Communication (cocwa), pp- 1-6, 2024,
learning technologies,” Intelligent Systems with Applications, vol. 24, https://doi.org/10.1109/ICOCWC60930.2024.10470507.
p. 200438, 2024, https://doi.org/10.1016/j.iswa.2024.200438. [52] K. Hossny, M. Hossny, A. Cougnoux, L. Mahmoud, and W.
[44] O.Olorunshola, P. Jemitola, and A. Ademuwagun, “Comparative study Villanueva, “]?ecis%on -tre.e insights analytics (DTIA) tool: an analytic
of some deep learning object detection algorithms: R-CNN, fast R- frqmework to identify insights from large data records across fields of
CNN, faster R-CNN, SSD, and YOLO,” Nile Journal of Engineering science,” Machine Leaming: Science and Technology, vol. 5, no. 4, p.
and Applied Science,vol. 1, no. 1, pp. 70-80, 2023, 045004, 2024, https://doi.org/10.1088/2632-2153/ad723.
https://doi.org/10.5455/NJEAS.150264. [53] R. Najjar, “Redefining radiology: a review of artificial intelligence

integration in medical imaging,” Diagnostics, vol. 13, no. 17, p. 2760,
2023, https://doi.org/10.3390/diagnostics13172760.

Md Redwan Laskar, Image Processing and Artificial Intelligence in Business Automation: A Review


https://doi.org/10.47709/ijmdsa.v2i1.2559
https://vectoral.org/index.php/QJETI/article/view/144
https://doi.org/10.1007/s10462-021-10082-4
https://doi.org/10.1002/9781394200733.ch6
https://doi.org/10.54660/.IJMRGE.2021.2.1.800-808
https://doi.org/10.1007/978-3-030-90192-9_11
https://doi.org/10.1016/j.measurement.2022.111302
https://doi.org/10.1016/j.iswa.2024.200438
https://doi.org/10.5455/NJEAS.150264
https://doi.org/10.3390/cancers16101870
https://doi.org/10.1109/AIIoT58121.2023.10174477
https://doi.org/10.1201/9781003097204-9
https://researchberg.com/index.php/rcba/article/view/153
https://doi.org/10.23856/5842
https://doi.org/10.1016/j.procs.2022.12.228
https://doi.org/10.1109/ICOCWC60930.2024.10470507
https://doi.org/10.1088/2632-2153/ad7f23
https://doi.org/10.3390/diagnostics13172760

