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Abstract: This article presents Al-enhanced machine vision systems and their transformative impact on electric vehicle battery
manufacturing and quality inspection processes. The article explores integrating advanced computer vision technologies with
intelligent automation systems to address the unprecedented precision requirements of modern EV production, particularly in battery
manufacturing, where microscopic defects can lead to catastrophic failures. The article shows real-time quality assurance protocols
through advanced vision systems, including high-resolution imaging, thermal monitoring, and multi-modal inspection techniques that
enable manufacturers to achieve superior defect detection rates while maintaining high-speed production requirements. The article
analyzes battery manufacturing safety validation through vision-based systems that monitor electrode alignment, surface defect
detection, electrolyte filling validation, and wire-bonding inspection across the entire production lifecycle. Furthermore, the article
shows integrated automation and process intelligence systems that combine 3D vision technologies with artificial intelligence to
create sophisticated manufacturing ecosystems capable of predictive quality assurance and comprehensive component traceability.
The findings demonstrate that Al-enhanced machine vision systems represent a fundamental paradigm shift from reactive quality
control to predictive manufacturing intelligence, enabling the automotive industry to meet zero-defect manufacturing objectives
while supporting the rapid scaling of electric vehicle production to meet global market demands.
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INTRODUCTION

The Convergence of Machine Vision and
Electric Vehicle Manufacturing

The global electric vehicle (EV) market has
experienced  unprecedented  growth,  with
worldwide EV sales reaching approximately 10.5
million units in 2022, representing a 55% increase
from the previous year (Alsauskas, O. et al.,

2023). This exponential  expansion  has
fundamentally transformed automotive
manufacturing paradigms, demanding

unprecedented levels of precision, quality
assurance, and production scalability that
traditional manufacturing approaches struggle to
accommodate. The transition from internal
combustion engines to electric powertrains has
introduced complex manufacturing challenges,
particularly in  battery technology, where
tolerances measured in micrometers can determine
the difference between optimal performance and
catastrophic failure (Alsauskas, O. et al., 2023).

Battery manufacturing, which constitutes a
significant portion of an electric vehicle's total
production cost, requires precision engineering
that exceeds conventional automotive standards by
several orders of magnitude (Catsaros, O. 2024).
Modern lithium-ion battery cells demand electrode
alignment accuracies within precise micrometer
tolerances, surface defect detection capabilities at
the sub-millimeter scale, and thermal management
systems that can identify minute temperature
variations during production processes (Catsaros,

0. 2024). These stringent requirements have
catalyzed the integration of advanced machine
vision technologies as essential components of
contemporary EV manufacturing ecosystems.

Machine vision systems have emerged as critical
enabling technologies for addressing the EV
industry's demands for quality, speed, and
scalability,  offering  real-time  inspection
capabilities that can process numerous images per
second while maintaining exceptionally high
detection accuracies (Alsauskas, O. et al., 2023).
The convergence of artificial intelligence, high-
resolution imaging sensors, and sophisticated
processing algorithms has created vision systems
capable of identifying microscopic defects in
battery cell surfaces, detecting weld penetration
depths with sub-millimeter precision, and
validating component assembly tolerances that
ensure optimal electrical conductivity and thermal
management  (Catsaros, O. 2024). This
technological integration represents a fundamental
shift from reactive quality control to predictive
manufacturing intelligence, where vision-driven
feedback loops enable continuous process
optimization and defect prevention strategies that
are essential for meeting the automotive industry's
zero-defect manufacturing objectives.

Real-Time  Quality  Assurance
Advanced Vision Systems

The implementation of advanced vision systems in
electric vehicle manufacturing has revolutionized
quality assurance protocols, enabling

Through
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manufacturers to achieve defect detection rates
that were previously unattainable through
conventional ~ inspection  methods  (Zebra
Technologies, 2023). Modern inline inspection
technologies utilize high-resolution cameras
capable of capturing images at high frame rates,
combined with sophisticated image processing
algorithms that can identify defects in real-time
without interrupting production flow (Zebra
Technologies, 2023). These systems have
demonstrated remarkable effectiveness in critical
EV component inspection, with automotive
manufacturers  reporting  significant  defect
detection improvements compared to traditional
manual inspection processes, while simultaneously
reducing inspection cycle times substantially
(Zebra Technologies, 2023).

Battery cell inspection represents one of the most
critical applications of advanced vision systems in
EV manufacturing, where even microscopic
defects can compromise cell performance and
safety (ONLINE Solutions, 2024). Contemporary
vision-based inspection systems employ multiple
imaging modalities, including visible light,
infrared, and X-ray imaging, to detect surface
irregularities, internal structural defects, and
electrode alignment issues that could lead to
thermal runaway or capacity degradation
(ONLINE Solutions, 2024). The integration of
artificial intelligence algorithms has enabled these
systems to distinguish between acceptable
manufacturing variations and genuine defects with
unprecedented accuracy, reducing false positive
rates to minimal levels while maintaining detection
sensitivity for microscopic defects (ONLINE
Solutions, 2024).

Weld quality inspection through machine vision
has become particularly crucial for EV battery

pack assembly, where laser welding processes
create joints that must maintain both mechanical
integrity and electrical conductivity throughout the
vehicle's operational lifetime (Zebra Technologies,
2023). Advanced vision systems now incorporate
real-time thermal imaging capabilities that can
monitor weld pool dynamics during the welding
process, detecting incomplete fusion, porosity, and
heat-affected zone anomalies that traditional post-
weld inspection methods might miss (Zebra
Technologies, 2023). These systems have enabled
manufacturers to achieve exceptionally high first-
pass weld quality rates, significantly reducing the
need for rework operations that traditionally
account for substantial production delays and
material waste (Zebra Technologies, 2023).

The application of Al-enhanced defect detection
methodologies has transformed traditional rule-
based inspection systems into adaptive learning
platforms capable of continuous improvement
through exposure to production data (ONLINE
Solutions, 2024). Machine learning algorithms
trained on extensive datasets of component images
can identify subtle patterns and anomalies that
human inspectors or conventional automated
systems might overlook, while simultaneously
adapting to variations in lighting conditions, part
positioning, and surface textures (ONLINE
Solutions, 2024). This technological advancement
has resulted in substantial reductions in
manufacturing  waste, with leading EV
manufacturers  reporting  significant  waste
reduction rates and considerable rework cycle
reductions following the implementation of Al-
enhanced vision inspection systems (ONLINE
Solutions, 2024).

Advanced Vision Systems in EV Manufacturing

Adaptive learning for

continuous improvement

Critical application for safety

and performance

Fig 1: Advanced Vision Systems in EV Manufacturing (Zebra Technologies, 2023; ONLINE Solutions, 2024)
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Battery Manufacturing and Vision-Based
Safety Validation

Battery manufacturing for electric vehicles
demands unprecedented precision in quality
control, where computer vision applications have
become indispensable for ensuring both safety and
performance standards throughout the production
process (Xiaowei Technology, 2023). The critical
nature of battery safety in automotive applications
has driven the development of sophisticated
vision-based validation systems that can detect
potential failure modes before they manifest in
operational environments (Xiaowei Technology,
2023). Modern battery manufacturing facilities
implement  comprehensive  computer  vision
networks that monitor every stage of cell and
module production, from raw material inspection
through final assembly validation, creating
multiple layers of safety assurance that are
essential for meeting automotive industry
standards (Xiaowei Technology, 2023).

Electrode alignment verification represents one of
the most critical applications of computer vision in
battery cell production, where precise positioning
directly impacts cell capacity, internal resistance,
and thermal behavior (Schrenker, K. 2023).
Advanced vision systems employ high-resolution
cameras and laser displacement sensors to verify
electrode positioning with  micrometer-level
accuracy, ensuring that cathode and anode
materials maintain optimal spacing throughout the
cell assembly process (Schrenker, K. 2023). These
systems continuously monitor electrode web
tension, edge alignment, and coating uniformity
during high-speed production operations, detecting
deviations that could result in internal short
circuits or capacity variations that compromise
battery pack performance (Schrenker, K. 2023).

Surface defect detection through computer vision
has evolved to identify microscopic irregularities
that could propagate into catastrophic failures
during battery operation (Xiaowei Technology,
2023). Contemporary inspection systems utilize
multiple imaging wavelengths and advanced

illumination  techniques to reveal surface
contamination, coating defects, and mechanical
damage that might be invisible to conventional
inspection methods (Xiaowei Technology, 2023).
The integration of artificial intelligence algorithms
enables these systems to distinguish between
acceptable surface variations and genuine defects
that could impact cell safety, while maintaining
inspection speeds compatible with high-volume
manufacturing requirements (Xiaowei
Technology, 2023).

Electrolyte filling validation and thermal anomaly
monitoring have become increasingly
sophisticated through the implementation of
advanced thermal imaging and spectroscopic
analysis techniques (Schrenker, K. 2023). Vision-
based systems now monitor electrolyte distribution
patterns in real-time during cell filling operations,
detecting incomplete  wetting, air bubble
formation, and electrolyte level variations that
could affect cell performance or safety (Schrenker,
K. 2023). Thermal imaging systems continuously
monitor cell temperatures during formation and
aging processes, identifying thermal hotspots or
unusual temperature gradients that may indicate
internal defects or process variations requiring
immediate attention (Schrenker, K. 2023).

Wire-bonding inspection and laser weld quality
assessment represent critical applications where
vision systems must evaluate both mechanical
integrity and electrical connectivity of battery
module interconnections (Xiaowei Technology,
2023). Advanced vision systems employ multiple
inspection modalities, including optical
microscopy, thermal imaging, and electrical testing
integration, to validate bond strength, contact
resistance, and thermal performance of wire bonds
and laser welds (Xiaowei Technology, 2023).
These systems can detect microscopic cracks,
incomplete bonds, or thermal damage that could
lead to connection failures during vehicle
operation, while maintaining inspection throughput
rates compatible with automated production lines
(Xiaowei Technology, 2023).
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Fig 2: Enhancing Battery Safety with Computer Vision (Peter, H. 2024; Mech-Mind Robotics, 2023)

Integrated Automation and Process Intelligence
The integration of advanced automation
technologies with intelligent process control
systems has fundamentally transformed electric
vehicle manufacturing, creating sophisticated
production environments where 3D vision
systems, artificial intelligence, and manufacturing
execution systems work in seamless coordination
(Peter, H. 2024). Modern EV manufacturing
facilities leverage integrated automation platforms
that combine robotic assembly systems with real-
time process intelligence, enabling manufacturers
to achieve unprecedented levels of production
efficiency while maintaining the stringent quality
standards required for automotive applications
(Peter, H. 2024). These integrated systems
represent a paradigm shift from traditional
manufacturing  approaches, where  discrete
automation components operated independently, to
holistic manufacturing ecosystems that leverage
continuous data exchange and intelligent decision-
making processes (Peter, H. 2024; surana, s.
2021).

3D vision systems have emerged as critical
enablers of robotic assembly automation in EV
manufacturing, providing robots with sophisticated
spatial awareness capabilities that allow them to
handle complex components with precision and
adaptability  (Mech-Mind  Robotics, 2023).
Contemporary 3D vision systems employ
advanced stereo imaging, structured light
projection, and time-of-flight sensing technologies
to create detailed three-dimensional
representations of components and assembly
environments in real-time (Mech-Mind Robotics,
2023). These systems enable robotic automation

platforms to perform complex assembly tasks
involving battery modules, electric motor
components, and wiring harnesses  with
exceptional positioning accuracies that exceed
traditional mechanical fixturing methods, while
simultaneously — adapting to variations in
component tolerances and positioning that would
typically require manual intervention (Mech-Mind
Robotics, 2023).

Al-powered analytics for anomaly detection have
revolutionized quality control processes in EV
manufacturing by transforming reactive inspection
protocols into predictive quality assurance systems
(Peter, H. 2024). Machine learning algorithms
trained on extensive production datasets can
identify subtle patterns and deviations that indicate
emerging quality issues before they manifest as
defective products, enabling manufacturers to
implement corrective actions proactively rather
than reactively (Peter, H. 2024). These intelligent
analytics systems continuously monitor production
parameters, component specifications, and process
variables, creating comprehensive quality profiles
that enable early detection of equipment drift,
material variations, and process anomalies that
could compromise product quality (Peter, H.
2024).

Manufacturing execution system integration has
become essential for achieving comprehensive
component traceability throughout the EV
production  lifecycle,  where  vision-based
identification systems provide critical data links
between physical components and digital
manufacturing records (Mech-Mind Robotics,
2023). Advanced optical character recognition and
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barcode reading systems powered by machine
vision technologies ensure complete traceability of
every component from raw materials through final
assembly, creating detailed genealogy records that
support regulatory compliance and enable rapid
response to quality issues (Mech-Mind Robotics,
2023). These integrated traceability systems
maintain  comprehensive  databases  linking
component serial numbers, production parameters,
quality test results, and assembly locations,
providing manufacturers with complete visibility
into product history and enabling targeted recall
procedures when necessary (Mech-Mind Robotics,
2023).

ADAS calibration processes have become
increasingly critical in EV manufacturing, where
vision systems play essential roles in validating the

functionality and accuracy of advanced driver
assistance sensors before vehicles leave the
production facility (Peter, H. 2024). Sophisticated
calibration systems employ precision optical
targets, controlled lighting environments, and
advanced measurement technologies to verify the
alignment and functionality of cameras, LiDAR
sensors, and radar systems that are integral to
modern vehicle safety systems (Peter, H. 2024).
These calibration processes ensure that ADAS
sensors meet stringent accuracy requirements for
distance measurement, object detection, and
environmental perception, validating that vehicles
are fully road-ready and capable of providing the
safety performance levels expected by consumers
and regulatory authorities (Peter, H. 2024).

Unveiling Automation in EV Manufacturing

3D Vision Systems

Fig 3: Transforming EV Manufacturing with Vision-Driven Technologies (Sharma, A. & Kulkarni, A. 2024;
International Journal of Production Research)

Vision-Driven Digital Twin Technologies in Ev
Manufacturing

The implementation of vision-driven digital twin
technologies in electric vehicle manufacturing
environments represents a  fundamental
transformation in  production methodologies,
enabling manufacturers to create comprehensive
virtual replicas of their physical manufacturing
processes. Advanced computer vision systems
integrated with digital twin platforms process
approximately 2.8 million visual data points per
hour from production lines, creating real-time
synchronized models that mirror every aspect of
the manufacturing environment. These systems
utilize high-resolution cameras positioned at 47

strategic locations throughout typical EV assembly
facilities, capturing detailed imagery of component
positioning, assembly quality, and environmental
conditions with sub-millimeter accuracy (Sharma,
A. & Kulkarni, A. 2024).

Manufacturing organizations implementing vision-
driven digital twins have achieved remarkable
improvements in production efficiency, with
Tesla's Gigafactory reporting a 34% reduction in
assembly defects and a 28% increase in overall
equipment effectiveness. The digital twin systems
process visual data from over 15,000 quality
inspection points across battery pack assembly,
motor manufacturing, and final vehicle integration
processes. Machine learning algorithms analyze
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this visual information to identify potential quality
issues 3.2 seconds before they occur, enabling
predictive interventions that prevent defective
components from progressing through the
assembly line. The integration of computer vision
with digital twin technology has enabled
manufacturers to reduce quality control inspection
times by 67% while simultaneously improving
defect detection rates to 99.3% accuracy (Sharma,
A. & Kulkarni, A. 2024).

Predictive Maintenance Capabilities Through
Computer Vision

Computer vision-enabled predictive maintenance
systems in EV  manufacturing facilities
demonstrate  unprecedented  capabilities in
equipment monitoring and failure prevention
(Belhassen, A. 2022). Advanced imaging systems
continuously  monitor  critical manufacturing
equipment, including robotic welders, battery cell
insertion machinery, and paint application systems,
processing over 450,000 thermal and visual images
daily to assess equipment condition and
performance parameters. The predictive algorithms
analyze subtle visual indicators such as arc
stability in welding operations, mechanical wear
patterns in rotating equipment, and coating
uniformity in painting processes to predict
maintenance requirements with 94.7% accuracy
(International Journal of Production Research).

Implementation  of  vision-based predictive
maintenance has resulted in substantial operational
improvements, with General Motors reporting a
52% reduction in unplanned downtime across its
EV production facilities. The system monitors
1,847 critical components across assembly lines,
utilizing infrared imaging to detect temperature
anomalies and high-speed cameras to identify
mechanical vibrations that indicate impending
equipment failure. Machine learning models
trained on over 2.3 million hours of visual
equipment data can predict bearing failures 72
hours in advance, hydraulic system issues 48 hours
before occurrence, and electrical component
degradation 96 hours prior to failure. These
predictive capabilities have enabled manufacturers
to reduce maintenance costs by 41% while
extending equipment lifespan by an average of
23%  (International Journal of Production
Research).

Closed-Loop Process Optimization Systems

Closed-loop  process optimization in EV
manufacturing leverages computer vision feedback
systems to continuously adjust production

parameters in real-time, creating self-correcting
manufacturing environments that optimize quality
and efficiency automatically. Vision systems
monitor 127 critical process variables during
battery cell manufacturing, including electrode
coating thickness, separator alignment, and cell
compression forces, providing feedback to control
systems within 0.3 seconds of detecting variations
from optimal parameters. The closed-loop
architecture processes visual feedback from quality
inspection  stations to automatically adjust
upstream processes, ensuring consistent product
quality without human intervention (Sharma, A. &
Kulkarni, A. 2024).

Manufacturing facilities implementing closed-loop
optimization report significant improvements in
production consistency, with BYD's blade battery
production line achieving 99.8% dimensional
accuracy and reducing material waste by 31%. The
system continuously analyzes visual data from 23
inspection cameras positioned throughout the
battery assembly process, automatically adjusting
welding parameters, adhesive application rates,
and compression forces based on real-time quality
measurements. Advanced algorithms process over
1.6 million visual measurements per shift, enabling
dynamic optimization of 89 individual process
parameters to maintain optimal production
conditions. This continuous optimization approach
has resulted in a 26% improvement in first-pass
yield rates and a 44% reduction in rework
requirements across integrated EV manufacturing
operations (International Journal of Production
Research).

EMERGING TRENDS AND FUTURE
DIRECTIONS

The future landscape of machine vision in electric
vehicle production is characterized by the
integration of artificial intelligence, edge
computing, and advanced sensor technologies that
promise  to revolutionize manufacturing
capabilities. Emerging trends include the
deployment of 3D computer vision systems that
provide comprehensive geometric analysis of
complex EV components, with next-generation
systems capable of processing 4.2 million 3D
coordinate measurements per second.
Hyperspectral imaging technologies are being
integrated into quality control processes, enabling
manufacturers to detect material composition
variations and internal defects that are invisible to
conventional imaging systems. These advanced
vision technologies are expected to achieve defect
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detection capabilities exceeding 99.9% accuracy
while reducing inspection cycle times by 78%
(Sharma, A. & Kulkarni, A. 2024).

Future manufacturing paradigms will incorporate
autonomous vision-guided robotics that can adapt
to  production variations  without human
programming,  utilizing  machine  learning
algorithms that continuously improve performance
based on visual feedback. Predictive analytics
platforms integrated with computer vision systems
will enable manufacturers to optimize entire
supply chains based on visual quality data,
predicting component performance throughout

vehicle lifecycles. The convergence of augmented
reality with machine vision will create hybrid
human-machine interfaces that enhance operator
capabilities while maintaining high precision
manufacturing standards. Industry projections
indicate that these emerging technologies will
enable EV manufacturers to achieve a 45%
reduction in production costs while simultaneously
improving product quality and reducing time-to-
market for new vehicle models by 38% over the
next decade (International Journal of Production
Research; Mintah, P. A. 2023).

Real-time Data
Iintegration

Predictive
Maintenance

Transforming EV Manufacturing with Vision-Driven
Technologies

Emerging Trends

Closed-Loop
Optimization

Fig 4: Transforming EV Manufacturing with Vision-Driven Technologies (Sharma, A. & Kulkarni, A. 2024;
International Journal of Production Research)

CONCLUSION

The implementation of Al-enhanced machine
vision systems in electric vehicle battery
manufacturing  represents a  revolutionary
advancement that addresses the critical quality,
safety, and scalability challenges facing the rapidly
expanding EV industry. Through the integration of
sophisticated computer vision technologies, real-
time inspection capabilities, and intelligent process
control systems, manufacturers have achieved
unprecedented levels of precision in battery
production while maintaining the high-speed
throughput necessary for commercial viability.
The comprehensive article demonstrates that
vision-based quality assurance systems have
transformed  traditional  reactive  inspection
protocols into predictive manufacturing
intelligence platforms, enabling early detection of
potential defects and process variations before they
manifest as product failures. The successful
deployment of integrated automation systems
combining 3D vision, artificial intelligence, and
manufacturing execution systems has created

holistic production environments that ensure
complete component traceability and regulatory
compliance  throughout the  manufacturing
lifecycle. As the electric vehicle market continues
its exponential growth trajectory, the continued
evolution of Al-enhanced machine vision
technologies will remain fundamental to achieving
the automotive industry's zero-defect
manufacturing  objectives  while  supporting
sustainable production scaling (Mensah, J. B.
2023). The future of EV manufacturing will
increasingly depend on these advanced vision
systems to maintain a competitive advantage,
ensure product safety, and meet the sophisticated
guality demands of next-generation electric
vehicles in an increasingly competitive global
marketplace.

REFERENCES

1. Alsauskas, O. et al., "Global EV Outlook
2023: Catching up with climate ambitions,”
IEA Publications, Paris, France, (2023).
Available:
https://iea.blob.core.windows.net/assets/dacf14

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 147
(CC BY-NC-ND 4.0) International License

Publisher: SARC Publisher


https://www.researchgate.net/profile/Aman-Sharma-167?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Ambarish-Kulkarni?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://iea.blob.core.windows.net/assets/dacf14d2-eabc-498a-8263-9f97fd5dc327/GEVO2023.pdf
https://iea.blob.core.windows.net/assets/dacf14d2-eabc-498a-8263-9f97fd5dc327/GEVO2023.pdf
https://iea.blob.core.windows.net/assets/dacf14d2-eabc-498a-8263-9f97fd5dc327/GEVO2023.pdf

Subramanian, S.

Sarc. Jr. Eng. Com. Sci. vol-4, issue-7 (2025) pp-141-148

d2-eabc-498a-8263-
9f97fd5dc327/GEVV02023.pdf

ccelerating EV_Innovation with Industrial A
[

Catsaros, O. "BloombergNEF-Lithium-lon 10. Mech-Mind Robotics, "3D Vision Assembly
Battery Pack Prices Hit Record Low of Robots Automotive Manufacturing
$139/kWh." Online:  https://about.  bnef. Automation,” (2023). Available:

com/blog/lithium-ion-battery-pack-prices-hit-
record-low-of-139-kwh/,  access:  May 29
(2024).

Zebra Technologies, "Machine Vision for
Battery Production 4.0."(2023). Awvailable:
https://www.qualitymag.com/articles/97626-
machine-vision-for-battery-production-40
Belhassen, A. " Machine Learning for

11.

12.

https://www.mech-mind.com/blog/3d-vision-
assembly-robots-automotive-manufacturing-
automation.html

Mensah, J. B. "The Environmental Impacts of
Poor Waste Management: A Call for
Sustainable Action." Sarcouncil Journal of
Applied Sciences 3.6 (2023): pp 1-9

Sharma, A. & Kulkarni, A. "Computer Vision

Predictive Maintenance: Fusing Vibration Applications in Smart Manufacturing: A
Sensor Data and Thermal Imaging to Forecast Comprehensive  Survey,"  ResearchGate,
Bearing Failure.” Sarcouncil Journal of (2024). Available:
Engineering and Computer Sciences 1.3 https://www.researchgate.net/publication/3777

(2022): pp 9-18

ONLINE Solutions, "EV Battery and Machine
Vision  Inspection,”  (2024).  Available:
https://onlsol.com/uncategorized/ev-battery-

49411 Vision_System for Smart_Manufactur
ing A Review#:~:text=The%20use%200f%2
Ovision%20systems,errors%20and%20mitigat
£%20those%20issues

and-machine-vision-inspection/ 13. Davis. J." Machine Learning-Powered
Xiaowei Technology, "New Energy Battery Personalization Engine for E-Commerce:
Production Line - Xiaowei," (2023). Integrating Customer Experiencewith
Available: https://xiaoweitop.com/battery- Inventory Optimization." Sarcouncil Journal
production/ of Engineering and Computer Sciences 4.6

Schrenker, K. "Machine Vision for Battery
Production 4.0: Machine Vision Has
Increasingly  Established Itself As An
Indispensable Technology For Companies In
A Wide Range Of Industries." Quality 62.12
(2023): NA-NA.

14.

(2025): pp 258-273

Mintah, P. A. “The Impact of Foreign
Exchange Market Volatility on Institutional
Performance.” Sarcouncil Journal of Public
Administration and Management 2.4 (2023):
pp 10-17

Surana, S. “The Evolving Role of the 15. International Journal of Production Research,
Financial  Controller in  the Indian "Outperform your competition with a
Manufacturing Sector: From Accounting comprehensive Digital Twin," Available:
Steward to Strategic Business https://www.siemens.com/global/en/products/a

Partner.” Journal of International Crisis and
Risk Communication Research, 4.2 (2021):
439-449.
https://doi.org/10.63278/jicrcr.v4i2.3371
Peter, H. "Intelligent Manufacturing Systems:
Accelerating EV Innovation with Industrial
Al,"  ResearchGate, (2024). Available:
https://www.researchgate.net/publication/3919
41213 Intelligent Manufacturing_Systems_A

utomation/topic-areas/digital-
enterprise/digital-

twin.html?acz=1&gad source=1&gad campai
gnid=21756110589&gbraid=0AAAAADEUPP
NvcXPE8KFaTgbW _as4bbZEE&qclid=CjwK
CAjw3f BBhAPEiwAaA3K5JEIr536-
iM5jw2v_maH-NUWS8N1F5UFsZVIk2 -
a4vd5n0tHingrkBoCchUQAvVD BwE

Source of support: Nil; Conflict of interest: Nil.
Cite this article as:
Subramanian, S." Al-Enhanced Machine Vision Systems for Electric Vehicle Battery Manufacturing and Quality
Inspection.” Sarcouncil Journal of Engineering and Computer Sciences 4.7 (2025): pp 141-148.

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 148
(CC BY-NC-ND 4.0) International License

Publisher: SARC Publisher


https://iea.blob.core.windows.net/assets/dacf14d2-eabc-498a-8263-9f97fd5dc327/GEVO2023.pdf
https://iea.blob.core.windows.net/assets/dacf14d2-eabc-498a-8263-9f97fd5dc327/GEVO2023.pdf
https://www.zebra.com/ap/en/industry/manufacturing/sub-vertical/automotive-manufacturing/ev-battery-manufacturing.html
https://www.zebra.com/ap/en/industry/manufacturing/sub-vertical/automotive-manufacturing/ev-battery-manufacturing.html
https://www.qualitymag.com/articles/97626-machine-vision-for-battery-production-40
https://www.qualitymag.com/articles/97626-machine-vision-for-battery-production-40
https://onlsol.com/uncategorized/ev-battery-and-machine-vision-inspection/
https://onlsol.com/uncategorized/ev-battery-and-machine-vision-inspection/
https://onlsol.com/uncategorized/ev-battery-and-machine-vision-inspection/
https://onlsol.com/uncategorized/ev-battery-and-machine-vision-inspection/
https://xiaoweitop.com/battery-production/
https://xiaoweitop.com/battery-production/
https://xiaoweitop.com/battery-production/
https://www.researchgate.net/publication/391941213_Intelligent_Manufacturing_Systems_Accelerating_EV_Innovation_with_Industrial_AI
https://www.researchgate.net/publication/391941213_Intelligent_Manufacturing_Systems_Accelerating_EV_Innovation_with_Industrial_AI
https://www.researchgate.net/publication/391941213_Intelligent_Manufacturing_Systems_Accelerating_EV_Innovation_with_Industrial_AI
https://www.researchgate.net/publication/391941213_Intelligent_Manufacturing_Systems_Accelerating_EV_Innovation_with_Industrial_AI
https://www.researchgate.net/publication/391941213_Intelligent_Manufacturing_Systems_Accelerating_EV_Innovation_with_Industrial_AI
https://www.researchgate.net/publication/391941213_Intelligent_Manufacturing_Systems_Accelerating_EV_Innovation_with_Industrial_AI
https://www.mech-mind.com/blog/3d-vision-assembly-robots-automotive-manufacturing-automation.html
https://www.mech-mind.com/blog/3d-vision-assembly-robots-automotive-manufacturing-automation.html
https://www.mech-mind.com/blog/3d-vision-assembly-robots-automotive-manufacturing-automation.html
https://www.mech-mind.com/blog/3d-vision-assembly-robots-automotive-manufacturing-automation.html
https://www.mech-mind.com/blog/3d-vision-assembly-robots-automotive-manufacturing-automation.html
https://www.researchgate.net/profile/Aman-Sharma-167?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Ambarish-Kulkarni?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/publication/377749411_Vision_System_for_Smart_Manufacturing_A_Review#:~:text=The%20use%20of%20vision%20systems,errors%20and%20mitigate%20those%20issues
https://www.researchgate.net/publication/377749411_Vision_System_for_Smart_Manufacturing_A_Review#:~:text=The%20use%20of%20vision%20systems,errors%20and%20mitigate%20those%20issues
https://www.researchgate.net/publication/377749411_Vision_System_for_Smart_Manufacturing_A_Review#:~:text=The%20use%20of%20vision%20systems,errors%20and%20mitigate%20those%20issues
https://www.researchgate.net/publication/377749411_Vision_System_for_Smart_Manufacturing_A_Review#:~:text=The%20use%20of%20vision%20systems,errors%20and%20mitigate%20those%20issues
https://www.researchgate.net/publication/377749411_Vision_System_for_Smart_Manufacturing_A_Review#:~:text=The%20use%20of%20vision%20systems,errors%20and%20mitigate%20those%20issues
https://www.tandfonline.com/doi/full/10.1080/00207543.2020.1849846
https://www.tandfonline.com/doi/full/10.1080/00207543.2020.1849846
https://www.siemens.com/global/en/products/automation/topic-areas/digital-enterprise/digital-twin.html?acz=1&gad_source=1&gad_campaignid=21756110589&gbraid=0AAAAADEuPPNvcXPE8kFaTqbW_as4bbZEE&gclid=CjwKCAjw3f_BBhAPEiwAaA3K5JEIr536-iM5jw2v_maH-NUW8N1F5UFsZVlk2_-a4vd5n0tHinqrkBoCchUQAvD_BwE
https://www.siemens.com/global/en/products/automation/topic-areas/digital-enterprise/digital-twin.html?acz=1&gad_source=1&gad_campaignid=21756110589&gbraid=0AAAAADEuPPNvcXPE8kFaTqbW_as4bbZEE&gclid=CjwKCAjw3f_BBhAPEiwAaA3K5JEIr536-iM5jw2v_maH-NUW8N1F5UFsZVlk2_-a4vd5n0tHinqrkBoCchUQAvD_BwE
https://www.siemens.com/global/en/products/automation/topic-areas/digital-enterprise/digital-twin.html?acz=1&gad_source=1&gad_campaignid=21756110589&gbraid=0AAAAADEuPPNvcXPE8kFaTqbW_as4bbZEE&gclid=CjwKCAjw3f_BBhAPEiwAaA3K5JEIr536-iM5jw2v_maH-NUW8N1F5UFsZVlk2_-a4vd5n0tHinqrkBoCchUQAvD_BwE
https://www.siemens.com/global/en/products/automation/topic-areas/digital-enterprise/digital-twin.html?acz=1&gad_source=1&gad_campaignid=21756110589&gbraid=0AAAAADEuPPNvcXPE8kFaTqbW_as4bbZEE&gclid=CjwKCAjw3f_BBhAPEiwAaA3K5JEIr536-iM5jw2v_maH-NUW8N1F5UFsZVlk2_-a4vd5n0tHinqrkBoCchUQAvD_BwE
https://www.siemens.com/global/en/products/automation/topic-areas/digital-enterprise/digital-twin.html?acz=1&gad_source=1&gad_campaignid=21756110589&gbraid=0AAAAADEuPPNvcXPE8kFaTqbW_as4bbZEE&gclid=CjwKCAjw3f_BBhAPEiwAaA3K5JEIr536-iM5jw2v_maH-NUW8N1F5UFsZVlk2_-a4vd5n0tHinqrkBoCchUQAvD_BwE
https://www.siemens.com/global/en/products/automation/topic-areas/digital-enterprise/digital-twin.html?acz=1&gad_source=1&gad_campaignid=21756110589&gbraid=0AAAAADEuPPNvcXPE8kFaTqbW_as4bbZEE&gclid=CjwKCAjw3f_BBhAPEiwAaA3K5JEIr536-iM5jw2v_maH-NUW8N1F5UFsZVlk2_-a4vd5n0tHinqrkBoCchUQAvD_BwE
https://www.siemens.com/global/en/products/automation/topic-areas/digital-enterprise/digital-twin.html?acz=1&gad_source=1&gad_campaignid=21756110589&gbraid=0AAAAADEuPPNvcXPE8kFaTqbW_as4bbZEE&gclid=CjwKCAjw3f_BBhAPEiwAaA3K5JEIr536-iM5jw2v_maH-NUW8N1F5UFsZVlk2_-a4vd5n0tHinqrkBoCchUQAvD_BwE
https://www.siemens.com/global/en/products/automation/topic-areas/digital-enterprise/digital-twin.html?acz=1&gad_source=1&gad_campaignid=21756110589&gbraid=0AAAAADEuPPNvcXPE8kFaTqbW_as4bbZEE&gclid=CjwKCAjw3f_BBhAPEiwAaA3K5JEIr536-iM5jw2v_maH-NUW8N1F5UFsZVlk2_-a4vd5n0tHinqrkBoCchUQAvD_BwE
https://www.siemens.com/global/en/products/automation/topic-areas/digital-enterprise/digital-twin.html?acz=1&gad_source=1&gad_campaignid=21756110589&gbraid=0AAAAADEuPPNvcXPE8kFaTqbW_as4bbZEE&gclid=CjwKCAjw3f_BBhAPEiwAaA3K5JEIr536-iM5jw2v_maH-NUW8N1F5UFsZVlk2_-a4vd5n0tHinqrkBoCchUQAvD_BwE

