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Precision, speed, and reliability are critical in modern EV manufacturing. This 
presentation explores how Rust-based machine vision systems are 
revolutionizing quality control and automation across the electric vehicle 
production landscape.
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T�e I�perative for Adva�ced Vi�io� Sy�te�� i� EV 
Ma�ufacturi�g
Electric vehicles represent a fundamental shift in automotive design and 
manufacturing complexity:

Higher component density requiring micron-level precision

Critical battery safety concerns necessitating 100% inspection

Manufacturing at scale demanding faster throughput

Zero-defect expectations for safety-critical systems

Traditional inspection methods can't meet these demands, creating the perfect 
application for Rust-powered machine vision systems that combine 

performance with memory safety guarantees.



W�y Ru�t for Mi��io�-Critical Mac�i�e Vi�io�?

Me�ory Safety
Zero memory-related crashes in production systems through 
compile-time guarantees4critical for 24/7 manufacturing 
environments where downtime costs thousands per minute

Fearle�� Co�curre�cy
Safely process multiple camera feeds simultaneously without 
data races, enabling real-time inspection across multiple 
assembly stages

Perfor�a�ce
Near-C speeds with zero-cost abstractions allow processing of 
high-resolution images at line speeds exceeding 10 parts per 
second

FFI Capabilitie�
Seamless integration with C/C++ vision libraries and ML 
frameworks like TensorFlow and PyTorch while maintaining 
safety boundaries

These characteristics make Rust uniquely suited for EV manufacturing where reliability, speed, and safety cannot be compromised.



Real-Ti�e I�li�e Quality I��pectio� Sy�te��

Hig�-Re�olutio� Co�po�e�t I��pectio�

Rust-powered vision systems currently deployed in production 
environments achieve:

Resolution down to 5¿m for critical battery cell inspections

Processing speeds of 12-15 frames per second at 4K resolution

Multi-spectrum imaging (visible, IR, UV) for comprehensive 
defect detection

Consistent performance under variable lighting conditions

Our multi-camera arrays leverage Rust's concurrency model to 
process multiple inspection angles simultaneously without frame 

drops.



AI-E��a�ced Defect Detectio�

I�age Acqui�itio�
High-speed cameras capture multi-angle views of components 
at line speeds (10+ parts/second)

Pre-proce��i�g
Rust's SIMD optimizations enable real-time noise reduction, 
contrast enhancement, and feature extraction

AI Cla��ificatio�
Custom CNNs detect subtle defects missed by traditional 
threshold-based systems

Auto�ated Re�po��e
Part rejection, rework flagging, or process adjustment based on 
defect classification

Our systems have demonstrated a 37% increase in defect detection rates compared to conventional machine vision approaches, while 
Rust's safety guarantees prevent the system crashes common in C++ implementations.



Battery Cell a�d Pack I��pectio�

Electrode Alig��e�t Verificatio�
Sub-millimeter precision measurement of anode/cathode alignment using 
structured light patterns and Rust's high-performance image processing

Surface Defect Detectio�
AI models identify microscopic cracks, dents, and contamination that could 
lead to thermal runaway events

Electrolyte Filli�g Verificatio�
NIR imaging combined with custom detection algorithms ensure proper 
electrolyte levels and distribution

T�er�al A�o�aly Mo�itori�g
FLIR camera integration for early detection of hotspots during formation 
cycling, with Rust handling real-time thermal mapping



Adva�ced I��pectio� Met�odologie�

Battery Module-Level I��pectio�

Our Rust-based systems implement several cutting-edge 
techniques:

Wire bonding quality assessment using structured illumination

Laser weld quality verification through spectral analysis

Thermal imaging during module pulsing to identify resistance 
anomalies

3D profile mapping to verify dimensional accuracy post-
assembly

Rust's performance enables real-time processing of these 
complex inspection routines without dropping frames.

Laser weld inspection requires precise lighting and multiple 

specialized cameras to identify microscopic defects.



3D Vi�io� Sy�te�� for A��e�bly Auto�atio�

Dept� Se��i�g
ToF cameras provide real-time 

spatial data for robot guidance 
with 2mm accuracy

Stereo Vi�io�
Dual-camera setups with Rust-
optimized disparity mapping for 

high-precision component 
handling

La�er Tria�gulatio�
Sub-millimeter precision for 
critical alignment tasks like 

motor stator/rotor assembly Poi�t Cloud Proce��i�g
Rust's performance enables 

real-time processing of dense 

point clouds for complex 
assembly operations



AI-Powered Vi�io� A�alytic�

Deep Lear�i�g I�tegratio�

Our Rust systems leverage multiple AI approaches:

Convolutional Neural Networks for defect classification with 99.7% 
accuracy

Unsupervised anomaly detection identifying novel defect types

Transfer learning techniques to reduce training data requirements by 
80%

Rust's FFI capabilities seamlessly connecting to TensorFlow and ONNX 
Runtime

Inference optimization through Rust enables deployment on edge 
devices directly on the production line, eliminating network latency.



Ma�ufacturi�g Executio� Sy�te� I�tegratio�

1Co�po�e�t Traceability
OCR and barcode reading capabilities track every 

component from raw material to finished vehicle with 
99.99% read accuracy 2 Proce�� Verificatio�

Vision systems confirm correct assembly sequence and 
component placement, integrated with digital work 
instructions3Quality Data Aggregatio�

All inspection results stored with component serial 

numbers, creating comprehensive digital birth certificate

4 Regulatory Co�plia�ce
Automated documentation generation for safety 
certification and recall readiness

Rust's reliability ensures these mission-critical systems maintain uptime exceeding 99.995%, essential for maintaining production flow and 

traceability requirements.



ADAS Calibratio� a�d Digital Twi� I�tegratio�

ADAS Se��or Calibratio�

Our advanced vision systems validate precise calibration for:

Forward-facing cameras for accurate lane detection

LIDAR sensors for comprehensive obstacle recognition

Radar units for reliable distance measurement

Surround-view camera systems for enhanced parking 
assistance

Rust's unparalleled performance ensures complex calibration 
procedures are completed in under 90 seconds per vehicle.

Digital Twi� I�tegratio�

Real-time vision data seamlessly integrates into factory digital 
twins, facilitating:

Predictive maintenance through insightful trend analysis

Dynamic, real-time process optimization

Robust closed-loop control systems

Efficient virtual commissioning of new production lines



Future Directio�� a�d I�ple�e�tatio� Road�ap

Curre�t Deploy�e�t (2023)
Battery and powertrain inspection systems with basic AI 
capabilities, achieving 30% reduction in escape defects

Near-Ter� (2024)
Integration of multimodal sensing (vision + ultrasonic + thermal) 
with advanced ML models capable of predictive quality 
assessment

Mid-Ter� (2025)
Fully autonomous inspection systems with self-optimizing 
algorithms and automated root cause analysis

Lo�g-Ter� Vi�io� (2026+)
Cognitive manufacturing systems where vision, robotics, and 
process control form a unified AI-driven production ecosystem

Rust will remain our foundation, with its ecosystem maturing alongside these advancements to provide the performance, safety, and 
reliability required for next-generation EV manufacturing.
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