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Vision Al in Manufacturing

Comprehensive Use Cases & Applications for Industrial Excellence

The Vision Al Revolution in Heavy Industries

In the manufacturing landscape of 2026, the integration of Computer Vision and Artificial
Intelligence has fundamentally transformed how industries monitor, optimize, and secure their
operations. Traditional manual inspection methods, with their inherent sampling gaps and human
limitations, are being replaced by continuous, real-time visual intelligence systems.

Vision Al systems deploy advanced neural networks across the production floor, creating a
"Digital Nervous System" that processes millions of visual data points per second. These systems
don't just observe—they understand, predict, and enable proactive decision-making that was
impossible with conventional monitoring approaches.

This comprehensive guide explores the critical use cases of Vision Al across four key domains:
Safety & Surveillance, Particle Size Monitoring, Surface Defect Detection, and Thermal &
Emission Monitoring. Each application represents a paradigm shift in manufacturing excellence.

Safety & Surveillance Applications

1. Crane Monitoring System

Problem Statement

Overhead crane operations in steel plants, ports, and heavy manufacturing facilities pose
significant safety risks:

* Load swing incidents causing equipment damage and worker injuries

* Unauthorized personnel in crane operation zones (estimated 40% of crane-related
accidents)

* Overloading beyond safe working limits, risking structural failure
» Collision risks with fixed infrastructure or other mobile equipment

+ Delayed emergency response due to lack of real-time incident detection

Vision Al Solution Architecture
The Crane Monitoring System deploys a multi-camera array with edge Al processing:

» Camera Network: 4-8 high-resolution IP cameras (4K/8MP) mounted at strategic vantage
points covering the entire crane operation envelope

+ Edge Processing Units: NVIDIA Jetson AGX Orin or similar edge Al devices (32GB RAM,
275 TOPS Al performance) installed in ruggedized enclosures
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» Sensor Integration: Load cells, vibration sensors, and position encoders provide
complementary data to the vision system

» Communication Layer: Industrial Ethernet backbone with MQTT protocol for real-time alert
transmission to control rooms and mobile devices

Al Models Deployed

Object Detection & Tracking:

*  YOLOv8 Custom Model: Trained on 50,000+ annotated images of crane loads, hooks,
personnel, and vehicles. Achieves 96.5% mAP@Q0.5 at 45 FPS on edge hardware

» DeepSORT Tracking: Multi-object tracking maintaining consistent IDs for loads, workers,
and vehicles across camera transitions

Zone Intrusion Detection:

* Polygon-based Virtual Fencing: Define dynamic exclusion zones that activate based on
crane operation state

» Pose Estimation (MediaPipe/OpenPose): Identifies worker body orientation and proximity
to load paths

Load Analysis:

* Instance Segmentation (Mask R-CNN): Precise load boundary detection for volume
estimation and stability assessment

» Swing Detection Algorithm: Optical flow analysis combined with load centroid tracking to
measure swing angle (alert threshold: >5°)

Technical Specifications

Processing Latency 65-85ms end-to-end (camera to alert)

Detection Range 0.5m - 50m with adaptive focus

Operating Environment -20°C to +60°C, IP67 rated cameras

Alert Mechanisms Visual beacon, audible alarm, SMS, dashboard
notification

Data Retention 30 days edge storage, 1 year cloud archive

Integration ,EIEIP SCADA, Safety Management Systems via REST

Quantified Benefits

* 73% reduction in crane-related safety incidents within 12 months of deployment

« $2.3M annual savings from prevented equipment damage and downtime (average 500-
ton crane facility)

» 45% decrease in load handling cycle time through optimized operator awareness

*  100% compliance with safety zone protocols vs. 62% manual compliance rate
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Real-time visibility enabling predictive maintenance through load pattern analysis
Forensic capability with timestamped video evidence for incident investigation

2. Personal Protective Equipment (PPE) Compliance Monitoring

Problem Statement

Manufacturing facilities mandate PPE usage, yet enforcement
through manual supervision is inconsistent:

Average PPE compliance rate in heavy industries: 68-72%
(OSHA benchmark: 98%+)

Manual gate checks create bottlenecks and can be
circumvented once personnel enter production zones

Inability to correlate PPE violations with specific work
zones or task types

Delayed violation detection leading to prolonged risk
exposure

Regulatory penalties ranging from $15,000 - $145,000 per serious violation

Vision Al Solution Architecture

Entry Gate Stations: Dual-camera pods (face-level + full-body) at each facility entrance
with dedicated Al processing

Zone-based Cameras: Area surveillance cameras (1 per 500 sq m in high-risk zones) with
overlapping fields of view

Access Control Integration: Biometric/RFID systems linked to PPE status for automated
gate access

Mobile Alert Units: Wearable devices for supervisors receiving real-time violation
notifications with worker location

Al Models Deployed
Multi-Class PPE Detection:

YOLOvV8-PPE Custom Model: Trained on 125,000 annotated images across 12 PPE
classes (hard hat, safety vest, goggles, gloves, safety shoes, face shield, ear protection,
respirator, fall protection harness, welding helmet, apron, knee pads)

Performance Metrics: 94.2% mAP@0.5, 30 FPS processing speed, 2.1% false positive
rate

Occlusion Handling: Partial visibility detection using attention mechanisms

Contextual Risk Assessment:

Zone-PPE Mapping: Al correlates detected PPE with mandatory requirements for specific
work zones
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Activity Recognition: CNN-LSTM model identifies high-risk activities to validate
appropriate PPE usage

Technical Specifications

Detection Classes 12 PPE categories + body parts (head, hands, feet,
torso)

Minimum Resolution 80x80 pixels per person for accurate PPE detection

Lighting Adaptation Automatic exposure + IR illumination for 24/7 operation

Response Time <3 seconds from violation to supervisor alert

Scalability Supports 500+ cameras per centralized server cluster

Compliance Reporting Automated daily/weekly reports with  violation
heatmaps

Quantified Benefits

96.8% PPE compliance rate achieved within 6 months vs. 68% baseline

87% reduction in PPE-preventable injuries (head, eye, hand protection categories)
Zero regulatory violations in audited facilities post-deployment

4.2 hours/day saved in manual safety patrol activities

$840K annual savings from reduced workers' compensation claims (per 1000-employee
facility)

Cultural shift toward safety ownership with transparency in compliance metrics

3. Vehicle Monitoring System / Material Handling Safety

Problem Statement

Average of 85 forklift-related fatalities annually in the US
manufacturing sector

Vehicle-pedestrian collisions account for 28% of workplace
transportation incidents i

Blind spots in heavy machinery create 40% of near-miss
events

Speed violations and unauthorized vehicle operation
difficult to enforce manually

Inefficient material flow leading to 15-25% idle time for
loading equipment

Vision Al Solution Architecture

Overhead Gantry Cameras: 4K PTZ cameras at 8-10m height covering dispatch areas,
loading bays, and high-traffic intersections
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* Vehicle-Mounted Systems: 360° camera rigs on forklifts and heavy equipment (4 cameras
per vehicle)

» Ground-Level Arrays: Fixed cameras at critical pinch points (doorways, corridors, storage
aisles)

+ Edge Computing Nodes: Distributed processing units placed in electrical rooms across
the facility

* Vehicle Telematics Integration: CAN bus data (speed, direction, brake status) fused with
vision data

Al Models Deployed

Vehicle & Pedestrian Detection:

» EfficientDet-D4: Optimized for multi-scale detection (detects pedestrians at 1-35m,
vehicles at 1-60m)

+ Class Categories: Forklifts, trucks, loaders, pedestrians, bicycles, small carts (98.3%
precision, 96.7% recall)

» Speed Estimation: Optical flow + monocular depth estimation to calculate vehicle velocity
+2 km/h accuracy

Collision Risk Prediction:

» Trajectory Forecasting: LSTM-based model predicting vehicle and pedestrian paths 3-5
seconds ahead

* Time-to-Collision (TTC) Calculation: Real-time risk scoring (High: TTC < 2s, Medium: 2-
4s, Low: >4s)

Technical Specifications

Coverage Area Up to 100,000 sq m per deployment

Alert Latency 120-180ms (camera to in-vehicle alert)

Vehicle Tracking Maintains ID across 95% of facility area

Speed Monitoring Automated alerts for speeds >15 km/h (configurable)

Weather Resilience Rain/fog compensation algorithms for outdoor areas

Dashboard Analytics Real-time vehicle location, utilization rates, safety
metrics

Quantified Benefits

*  91% reduction in vehicle-pedestrian near-miss incidents

» Zero fatal collisions in monitored facilities over 24 months

+  22% improvement in forklift utilization through optimized dispatching

* 34% reduction in material handling cycle time via traffic pattern optimization

« $1.7M annual savings from accident prevention and efficiency gains (500-vehicle facility)



@
nextAgen

Angstrom precision ahead...

Vision Al in Manufacturing

4. Intrusion & Inclusion Monitoring System

Problem Statement

Perimeter breaches leading to theft of raw materials (copper, aluminum) averaging $125K
per incident

Unauthorized access to hazardous areas
creating liability risks

Foreign material inclusion in production
streams causing downstream quality
defects (3-7% rejection rate)

Tramp metal contamination in steel
production damaging furnace refractories
($80K-$200K repair costs)

Inability to trace contamination source in multi-stage production processes

Forklift

Vision Al Solution Architecture

Perimeter Security Layer:

Thermal + RGB Camera Arrays: Dual-sensor cameras at 50m intervals along facility
perimeter

PTZ Tracking Cameras: Auto-tracking domes that lock onto detected intrusions

Radar Integration. FMCW radar sensors for early detection beyond camera range
(200m+)

Material Contamination Detection:

Conveyor-Mounted Scanners: Line-scan cameras (12K resolution) at 1-2m height above
material streams

X-Ray Integration: Vision Al post-processing of X-ray images for dual verification

Hyperspectral Cameras: Material composition analysis for subtle contaminant detection

Al Models Deployed

Intrusion Detection (Security):

YOLOvV8 + DeepSORT: Human/vehicle detection with persistent tracking across camera
zones

Behavior Analysis: Anomaly detection for loitering, fence climbing, unusual movement
patterns

Thermal Person Detection: Custom CNN trained on thermal imagery for 24/7 all-weather
detection (92.4% accuracy)

False Alarm Suppression: Random Forest classifier filtering wildlife, vegetation
movement, shadows (reduces false alarms by 89%)
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Material Inclusion Detection:

Foreign Object Detector: Cascaded R-CNN identifying metal scraps, wood pieces, plastic,
stones in ore/coal streams

Size Classification: Instance segmentation measuring contaminant dimensions (alert
threshold: >25mm)

Spectral Analysis: CNN processing hyperspectral data to identify material composition
variances

Technical Specifications

Perimeter Coverage Up to 5 km facility boundary

Detection Range Security: 150m (thermal), Material: 0.5mm - 500mm

Processing Speed Material stream: 4.5 m/s conveyor speed

Alert Escalation Tiered response: Al — Guard — Law Enforcement

Integration Points Access control, SCADA, quality management systems

Evidence Management Automated clip extraction with chain-of-custody
tracking

Quantified Benefits

78% reduction in material theft incidents through proactive deterrence

99.2% detection rate for foreign material >10mm at conveyor speeds up to 4.5 m/s
5.1% improvement in product quality through contamination elimination

$3.2M annual savings from prevented furnace damage and reduced scrap rates

62% reduction in security guard staffing requirements through Al-augmented monitoring
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Particle Size Monitoring Applications

1. Green Pellet Size Monitoring System

Problem Statement

Target pellet diameter: 9-16mm (£1mm tolerance for premium
grades)

Manual sampling captures <0.1% of production, missing
critical variations

Oversized pellets (>17mm) reduce furnace permeability by 12-
18%, increasing fuel consumption by $45K/day

Undersized pellets (<8mm) generate excessive fines, causing
7-11% yield loss

Delayed detection of balling drum malfunction results in 40-60
minutes of off-spec production (800-1200 tons waste)

Vision Al Solution Architecture

Camera Configuration: 4x area-scan cameras (5MP, 120 FPS) in weatherproof enclosures
with LED ring lighting

Mounting Position: 1.5m above conveyor belt at 45° angle for optimal 3D perspective

Conveyor Integration: Encoder feedback synchronizes image capture with belt speed (0.8
- 2.5 m/s variable)

Environmental Hardening: IP67-rated housings with air purge systems (prevents dust
accumulation)

Edge Processing: Industrial PC (Intel Core i7, 32GB RAM) running Ubuntu RT for
deterministic processing

Al Models Deployed

Pellet Detection & Segmentation:

U-Net Architecture: Trained on 85,000 labeled pellet images achieving 98.7% loU

Overlapping Pellet Separation: Watershed algorithm with morphological operations
isolates touching pellets

Depth Estimation: Stereo vision setup (2-camera pair) provides z-axis measurement for
accurate 3D sizing

Size Classification & Grading:

Measurement Algorithm: Ellipse fitting on segmented regions calculates major/minor axis
(accuracy £0.3mm)

Size Distribution Analysis: Real-time histogram generation (bins: <8mm, 8-9mm, 9-16mm
optimal, 16-17mm, >17mm)
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Quality Scoring: Calculates uniformity coefficient (target: >0.85) and reports deviations
every 30 seconds

Process Feedback Control:

PID Controller Integration: Vision system outputs feed balling drum speed adjustments
(5% range)

Moisture Optimization: Correlates size drift with moisture content, sends alerts to binder
dosing system

Predictive Maintenance: LSTM model detects gradual size creep indicating drum liner
wear

Technical Specifications

Inspection Rate 4,500 - 18,000 pellets/minute (belt speed dependent)
Measurement Accuracy 1+0.3mm (calibrated monthly with precision gauges)
Coverage 100% of material stream (vs 0.08% manual sampling)
Response Time Operator alert within 45 seconds of size deviation
Environmental Tolerance Dust: 50 mg/m3, Temp: 5-45°C, Humidity: 20-90%
Data Output API integration with plant SCADA & quality database

Quantified Benefits

4.7% improvement in pellet uniformity coefficient (0.81 — 0.85)

$2.8M annual fuel savings through optimized furnace permeability (3M ton/year plant)
68% reduction in off-spec production (from 2.1% to 0.67% of total output)

8.3% yield increase by minimizing fines generation and recycle material

92% faster deviation detection vs. manual lab sampling (40 min — 3 min)

Quality documentation enabling premium pricing for certified uniform pellets (+$4-7/ton
premium)

2. Conveyor Lump & Agglomeration Size Monitoring

"

Problem Statement

Oversized material (>150mm) causes crusher jams, averaging
4.2 hours downtime per incident at $18K/hour cost

Sticky materials form agglomerations under moisture creating
uneven feed distribution

Inadequate size control reduces downstream processing
efficiency (ball mill throughput drops 15%)
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Manual inspection at transfer points misses 40-60% of oversized material during operator
shift changes

Rock breaker operators rely on visual judgment, leading to inconsistent sizing standards

Vision Al Solution Architecture

Primary Camera Arrays: 3-camera stereo rigs at crusher feed points (8MP area-scan
cameras, 60 FPS)

Secondary Inspection Stations: 2D line-scan cameras (16K resolution) at intermediate
conveyors

Lighting Systems: High-intensity LED bars (10,000 lumens) with polarized filters to reduce
glare

Vibration Isolation: Camera mounts with active dampening systems (critical for conveyor-
mounted installations)

Processing Infrastructure: Ruggedized edge servers in climate-controlled cabinets near
inspection points

Al Models Deployed

3D Object Reconstruction:

Stereo Matching Algorithm: Semi-Global Matching (SGM) generates dense disparity maps
(depth resolution: 5mm at 2m distance)

Point Cloud Processing: RANSAC-based plane fitting isolates individual lumps from
material pile

Volume Calculation: Convex hull algorithm estimates lump volume

Size Classification & Alerts:

Multi-Threshold Detection: Configurable alerts (Caution: 120-150mm, Critical: >150mm,
Emergency Stop: >200mm)

Agglomeration Identification: Texture analysis (Local Binary Patterns) distinguishes
cohesive clumps

Trend Analysis: Moving average algorithms detect gradual size increases indicating
upstream issues

Automated Response Systems:

Rock Breaker Control: Vision system triggers hydraulic breaker with precise lump location
coordinates

Conveyor Speed Modulation: Automatically reduces belt speed when oversized material
detected upstream

Diverter Gate Control: Activates reject chutes to route oversized material to secondary
crushing circuit
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Technical Specifications

Detection Range 10mm - 500mm lump size measurement

Belt Speed Capacity Up to 5.0 m/s continuous monitoring

Measurement Accuracy +8mm for lumps 100-300mm (5% relative error)
Processing Latency 280ms (image capture to automated response trigger)
False Positive Rate <1.8% (validated over 6 months continuous operation)
Environmental Rating IP66, operational in dust clouds up to 200 mg/m?

Quantified Benefits

83% reduction in crusher jam incidents (from 1.2/week to 0.2/week average)

$1.4M annual savings from prevented downtime and emergency maintenance (2500 TPH
plant)

22% improvement in crusher throughput through consistent feed sizing
34% reduction in downstream ball mill energy consumption via better size distribution
91% detection accuracy vs. 52% with manual observation

Extended crusher liner life by 26% through elimination of shock loading

3. Raw Material Size Monitoring & Classification

Problem Statement

Supplier quality variability creating 12-18% swings in process efficiency based on feed
size distribution

Manual sampling at receiving (3-5 samples per truckload) misses’ heterogeneity within
deliveries

Inability to segregate material by size for optimal blending recipes
Quality disputes with suppliers due to lack of objective, timestamped receiving data

Suboptimal stockpile management mixing incompatible size fractions

Vision Al Solution Architecture

Truck Unloading Stations: Overhead gantry-mounted cameras (12MP, 90 FPS) capturing
material as it dumps

Conveyor Inspection Points: Dual-camera stereo systems at receiving conveyors

Stockpile Monitoring: Mobile robot platform with 360° camera rig for periodic stockpile
surveys

Scale Integration: Camera systems synchronized with truck scales for delivery-level data
association

Cloud Analytics: Edge processing for real-time alerts + cloud storage for historical trending
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Al Models Deployed

Multi-Class Size Distribution Analysis:

Mask R-CNN Segmentation: Identifies and segments individual particles in overlapping
piles (trained on 200,000 annotated images)

Size Bins: Automatic classification into standard size ranges (e.g., -10mm fines, 10-25mm,
25-50mm, 50-100mm, +100mm)

Distribution Metrics: Real-time calculation of d50, d80, uniformity coefficient, and size
spread

Material Quality Assessment:

Color Analysis: HSV-based classification identifies contamination, oxidation, moisture
content variations

Shape Characterization: Aspect ratio and circularity measurements indicate crushing
quality

Moisture Estimation: Surface texture analysis correlates with moisture content (+3%
accuracy)

Supplier Qualification System:

Delivery Scoring: Each truck receives automated quality score (0-100) based on size
distribution compliance

Trend Detection: Time-series analysis flags degrading supplier quality

Traceability Database: Links visual data to supplier, delivery time, stockpile location, and
consumption batch

Technical Specifications

Particle Size Range 0.5mm - 300mm (calibrated for specific material)

Throughput Capacity Up to 3000 TPH receiving rate

Analysis Frequency Continuous (1 full analysis per 30-ton material
segment)

Distribution Accuracy 14% mass basis vs. physical sieve analysis

Data Retention 5 years cloud storage with searchable metadata

Integration ERP, QMS, supplier portal, automated reporting

Quantified Benefits

100% receiving inspection vs. 0.04% with manual sampling

$780K annual savings through optimized supplier selection and quality-based pricing
negotiations

18% reduction in process variability by enabling size-based blending strategies

Quick dispute resolution with timestamped visual evidence (reduced claim processing
from 45 days to 3 days)
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»  Stockpile optimization enabling 23% reduction in active storage area

» Supplier development program using data-driven feedback improving average delivery
quality by 31%

Defect Detection Applications

1. Rail Track Defect Detection System

Problem Statement

» Traditional ultrasonic testing captures only internal defects,
missing surface cracking and wear

* Manual visual inspection limited to 2-3 km per day per
inspector at walking speed

* Critical defects (head checks, spalling, bolt holes cracks)
develop between inspection cycles

» Derailments from track defects average $450K per incident
(equipment damage + production loss)

* Reactive maintenance models leading to 30-40%
unnecessary track replacement costs

Vision Al Solution Architecture

» Camera Configuration: 6-camera array (3 per rail) capturing top-of-rail, gauge face, and
field side at 120 FPS

* Line-Scan Cameras: 16K resolution sensors for continuous high-res imaging at speeds
up to 80 km/h

* Laser Profilometers: 3D rail profile measurement (x0.1mm accuracy) for wear
quantification

*  GPS/IMU Integration: Precise defect geolocation (£0.5m accuracy) for maintenance crew
navigation

* Onboard Processing: NVIDIA Jetson AGX Orin cluster (4 units) for real-time analysis
during inspection runs

Al Models Deployed

Defect Detection & Classification:
+ EfficientNet-B7 Backbone: Feature extraction from rail surface imagery

+ Multi-Head Detection: Detects 12 defect classes including head checks, spalling, bolt hole
cracks, corrugation, squats, web cracks, base cracks, joint defects

* Performance Metrics: 96.8% precision, 94.2% recall across all defect classes
Severity Grading:
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* Dimension Measurement: CNN-based size estimation (crack length, spall area, wear
depth)

» Risk Scoring: Multi-factor algorithm combining defect type, size, location, rail age, traffic
density

» Priority Levels: Green (monitor), Yellow (schedule repair), Orange (expedited repair <30
days), Red (immediate speed restriction/repair <48 hours)

Predictive Maintenance:
+ Degradation Modeling: LSTM networks track defect growth rates between inspections
» Failure Prediction: Predicts rail replacement needs 6-9 months in advance (88% accuracy)

+ Optimization Engine: Genetic algorithm plans maintenance schedules minimizing
operational disruption

Technical Specifications

Inspection Speed Up to 80 km/h (50 mph) sustained operation

Coverage Rate 200-300 km of track per 8-hour shift

Defect Resolution Detects cracks 25mm length, wear >2mm depth

False Positive Rate 3.2% (reduced to <1% after expert review workflow)

Geolocation Accuracy 1+0.5m (enables precise maintenance crew dispatch)

Data Management Automated report generation, GIS integration, mobile
apps

Quantified Benefits

* 100% track coverage vs. 15-20% with manual inspection programs

» Zero derailments from track defects in monitored networks over 36 months

» 47% reduction in track maintenance costs through predictive replacement strategies
« $1.2M annual savings from optimized rail replacement timing (100 km network)

» 15x faster inspection speed enabling monthly inspection cycles vs. annual

« Safety improvement eliminating inspector exposure to moving equipment

2. Cold Rolled Strip Dent & Scratch Detection

Problem Statement

» Surface defects (dents, scratches) cause 4-6% customer rejection rates in premium
grades

* Manual inspection at line speeds (200-400 m/min) detects only 40-55% of defects
« Delayed defect detection results in entire coil downgrades (losses of $8K-$15K per coil)
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Scratches <0.5mm deep often undetected until customer processing, causing warranty
claims

Lack of defect location mapping prevents effective root cause analysis

Vision Al Solution Architecture

Camera Arrays: 12 line-scan cameras (8K resolution) - 6 per surface (top/bottom)

Camera Positioning: Arranged in staggered configuration providing 150% width overlap
for defect verification

Lighting Systems: Dark-field LED illumination (4-angle directional lighting) optimized for
scratch detection

Bright-field lllumination: Secondary lighting array for dent/embossing detection via shadow
analysis

High-Speed Triggering: Encoder-based line triggering ensuring 0.1mm resolution in
machine direction at 400 m/min

Al Models Deployed

Defect Detection Network:

Custom U-Net Architecture: Pixel-wise segmentation trained on 2.5 million defect images
(scratches, dents, stains, edge cracks, slivers, laminations, roll marks, chatter marks, skid
marks)

Multi-Scale Detection: Pyramid pooling module captures defects from 0.2mm to 50mm

Real-Time Performance: 450 m/min processing speed with <20ms latency (GPU: NVIDIA
A100)

Defect Characterization:

Geometric Analysis: Automated measurement of length, width, depth (via photometric
stereo), area

Severity Classification: 5-tier grading system (Cosmetic, Minor, Moderate, Major, Critical)
based on customer specifications

Pattern Recognition: Identifies recurring defects indicating upstream equipment issues

Coil Quality Grading:

Defect Density Mapping: Generates color-coded coil maps showing defect locations and
severity

Grade Assignment: Automatic coil classification (Prime, Secondary, Reject) per customer
acceptance criteria

Cutting Optimization: Recommends cut locations to maximize prime material recovery
from partially defective coils

Technical Specifications

Line Speed Up to 500 m/min continuous inspection

Strip Width 600-1850mm (adjustable camera positioning)
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Minimum Defect Size 0.2mm width, 2mm length (scratch), 0.5mm diameter
(dent)

Detection Accuracy 98.6% (vs. 45% manual inspection at equivalent speed)

False Call Rate <2.5% (validated over 12-month production data)

Data Outputs Coil maps, defect images, statistical reports, AP feeds

Quantified Benefits

*  89% reduction in customer quality complaints (from 4.2% to 0.46% rejection rate)

«  $4.7M annual savings from prevented coil downgrades and warranty claims (300K
ton/year CRS mill)

*  23% improvement in prime yield through automated cutting optimization
* Real-time process control reducing defect generation by 41% through immediate feedback
* 100% traceability with defect maps archived per coil for customer dispute resolution

* Premium positioning enabling certification for automotive outer-panel applications

3. Galvanized Coil Surface Defect Detection (CGL)

Problem Statement

* Zinc coating defects (bare spots, dross marks, zinc splash)
undetectable by operators at 150+ m/min line speeds

+ Spangle pattern irregularities affecting aesthetic quality for 3
construction applications g

« Surface roughness variations from air knife settings impacting
paint adhesion (critical for automotive)

+ Coating thickness non-uniformity causing premature
corrosion (warranty issue in outdoor applications)

*+ Manual sampling at <0.5% coverage missing localized
defects that affect entire customer orders

Vision Al Solution Architecture

» Spectral Imaging: Combination of monochrome + RGB + UV cameras (16 cameras total)
for multi-modal defect detection

* UV Fluorescence Imaging: Detects organic contamination invisible under standard lighting
* Polarized lllumination: Reduces specular reflections from shiny zinc surface

+ Thermal Cameras: 2x LWIR cameras detecting temperature anomalies indicating coating
thickness variations
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X-Ray Fluorescence Integration: Vision system post-processes XRF coating thickness
maps for correlation analysis

Al Models Deployed

Coating Defect Detection:

Multi-Modal CNN: Fuses visible, UV, and thermal inputs (bare spots, dross marks, zinc
splash, pinholes, uncoated edges, coating delamination, surface contamination)

Attention Mechanisms: Focus network on subtle defects against complex spangle
backgrounds

Detection Performance: 97.3% mAP across 18 defect categories at 180 m/min line speed

Spangle Pattern Analysis:

Texture Classification: CNN trained on spangle size distributions (regular, minimized,
zero-spangle grades)

Uniformity Metrics: Calculates spangle size variance across strip width and length

Quality Grading: Automatic classification into aesthetic grades per customer specifications

Coating Thickness Estimation:

Thermal Correlation Model: Regression CNN estimates coating weight from thermal
signatures (15 g/m? accuracy)

Complementary to XRF: Provides high-resolution spatial mapping between sparse XRF
measurement points

Real-Time Feedback: Enables air knife pressure optimization for uniform coating
distribution

Technical Specifications

Inspection Speed Up to 200 m/min (adaptable to line capacity)

Spatial Resolution 0.15mm/pixel (detects defects >0.5mm)

Coverage 100% surface area, both sides simultaneously

Spectral Bands Visible, UV (365nm), LWIR thermal (8-14um)

Coating Grades All spangle types (regular, minimized, zero-spangle)

Integration Level-2 automation, MES, quality database, SPC
charts

Quantified Benefits

94% reduction in coating defect customer claims (from 3.8% to 0.23%)
$3.1M annual savings from prevented coil downgrades and rework (450K ton/year CGL)
31% improvement in coating uniformity through real-time air knife control feedback

15% reduction in zinc consumption via optimized coating weight targeting
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Automotive qualification achieved for exposed panel applications through documented
quality control

Spangle consistency enabling premium pricing for architectural applications (+$25/ton)

Thermal & Emission Monitoring Applications

1. Furnace & Kiln Hot Spot Detection System

Problem Statement

Undetected hot spots indicate refractory thinning, leading to
catastrophic shell failures (repair costs: $800K-$2.5M)

Conventional shell temperature monitoring provides only
point measurements (15-30 thermocouples per furnace)

Refractory failure causes unplanned outages averaging 18-
25 days downtime plus emergency repair costs

Gradual refractory erosion reduces thermal efficiency by 12-
18% before visible symptoms appear

Manual thermal imaging inspections limited to monthly frequency, missing rapid
degradation events

Vision Al Solution Architecture

Thermal Camera Arrays: 4-8 LWIR cameras (640x480 resolution, 0.04°C sensitivity)
providing 360° furnace coverage

Mounting Infrastructure: Water-cooled protective housings positioned 8-15m from furnace
shell

Automated PTZ System: Motorized pan-tilt heads enable scheduled full-surface scans
every 15 minutes

Multi-Spectral Verification: Visible-light cameras for correlation of thermal anomalies with
physical damage

Edge Computing: Industrial fanless PCs with UPS backup for 24/7 operation

Al Models Deployed
Hot Spot Detection & Tracking:

Thermal Anomaly Segmentation: U-Net architecture trained on 180,000 thermal images
identifying temperature deviations from baseline

Threshold-based detection: >40°C above adjacent areas (Critical), >25°C (Warning)
Hot spot growth tracking measuring area expansion over time

Performance: 99.1% detection rate for anomalies >15°C differential, <0.8% false positive
rate

Refractory Condition Assessment:
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Thermal Mapping: Creates high-resolution shell temperature maps (1cm spatial
resolution) via image stitching

Refractory Thickness Estimation: CNN regression model correlates surface temperature
profiles with remaining refractory thickness (+30mm accuracy)

Failure Prediction: LSTM networks forecast hot spot progression predicting breakthrough
events 7-14 days in advance (87% accuracy)

Technical Specifications

Temperature Range -20°C to +2000°C (extended range calibration)

Thermal Accuracy 12°C or £2% of reading (whichever is greater)

Scan Frequency Full furnace scan every 10-15 minutes

Alert Response Critical hot spots: <60 seconds to operator notification

Data Retention Continuous thermal history for furnace lifetime

Visualization Real-time 3D thermal model, trend charts, alert
dashboard

Quantified Benefits

Zero catastrophic failures in monitored furnaces over 48 months (vs. industry avg. 0.8
failures/furnace/5 years)

$4.2M savings from prevented emergency repairs and unplanned outages (per furnace)
38% extension of refractory campaign life through early intervention repairs
7-14 day advance warning enabling planned maintenance during scheduled outages

12% thermal efficiency improvement through optimized refractory maintenance
scheduling

Fuel cost reduction of $380K annually (1500 ton/day blast furnace)

2. Electrical Short Circuit & Hot Spot Detection

Problem Statement

Bus bar overheating from loose connections causes 35% of [
electrical fire incidents

Arc flash events resulting in catastrophic equipment damage and
personnel injury

Insulation degradation undetectable until short circuit occurs
(average repair: $220K + 72 hours downtime)

Traditional thermography surveys conducted quarterly or annually
miss intermittent faults

Manual inspection of energized equipment exposes personnel to
high-voltage hazards (>1000V systems common)
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Vision Al Solution Architecture

Critical Equipment Cameras: Fixed thermal cameras (320x240, 30 Hz) monitoring
switchgear, transformers, MCC panels, bus bars

Substation Panoramic System: 360° rotating thermal camera covering entire electrical
room every 2 minutes

Arc Flash Detectors: High-speed visible cameras (1000 FPS) with optical triggers
detecting arc events within 2ms

Current Monitoring Integration: CT sensors provide load current data fused with thermal
imaging

Safety Interlocks: Automated circuit breaker trip commands for critical thermal events

Al Models Deployed

Thermal Anomaly Detection:

Baseline Learning: Autoencoder networks establish normal thermal profiles for each
monitored component under varying load conditions

Anomaly Detection: Identifies deviations from learned baselines accounting for load-
dependent heating (connection hot spots >30°C, unbalanced phase temperatures >15°C,
thermal runaway >5°C per minute)

Load Normalization: CNN regression corrects for expected heating based on real-time
current draw

Arc Flash & Short Circuit Detection:

High-Speed Event Detection: Optical flow analysis on high-FPS cameras detects sudden
brightness spikes

Arc Classification: CNN distinguishes arc types (phase-to-phase, phase-to-ground,
tracking) from video characteristics

Automated Response: Triggers emergency shutdown sequence within 8ms of arc
detection

Predictive Failure Analysis:

Trend Analysis: LSTM models track gradual temperature increases indicating progressive
connection degradation

Failure Forecasting: Predicts equipment failure 15-45 days in advance based on thermal
degradation patterns (82% accuracy)

Maintenance Planning: Risk-based scheduling prioritizes repairs by failure probability and
consequence

Technical Specifications

Monitoring Coverage Up to 500 critical electrical points per facility

Thermal Sensitivity 0.05°C NETD (Noise Equivalent Temperature

Difference)
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Arc Detection Speed <2ms from flash to relay trip signal

Voltage Range 480V to 33kV systems (safe standoff distances)

Alert Types Email, SMS, SCADA integration, audible alarms
Reporting Automated thermographic reports, trend charts,

compliance docs

Quantified Benefits

Zero electrical fires in monitored facilities over 36 months (vs. industry baseline: 2.3
incidents/year)

$5.8M prevented losses from early detection of 12 critical electrical faults before failure
96% reduction in unplanned electrical outages through predictive intervention

58-day average advance warning of developing connection problems

Arc flash protection reducing incident energy exposure for personnel by 78%

Insurance premium reduction averaging 15-22% with documented monitoring systems

3. Gas Emission Detection & Quantification System

Problem Statement

Methane leaks from flanges, valves, seals undetectable by
conventional monitoring (EPA estimates 1-4% of natural gas
escapes as fugitive emissions)

Toxic gas leaks (SO,, NOx, CO) creating worker exposure risks
and environmental violations

Manual LDAR (Leak Detection and Repair) programs costly and
labor-intensive (12-18 person-hours per 1000 components per
quarter)

Point gas sensors provide limited spatial coverage (blind spots
between sensor locations)

Penalties for emission violations ranging from $50K to $500K per event plus remediation
mandates

Vision Al Solution Architecture

Optical Gas Imaging (OGI) Cameras: 6-12 LWIR cameras (320%256 resolution) with
spectral filters tuned to target gas absorption bands

Fixed Monitoring Stations: Cameras mounted on poles/structures providing 24/7
surveillance of critical leak-prone areas

Drone-Mounted Surveys: Autonomous UAV with OGI camera for periodic facility-wide
surveys (2x per month)
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Meteorological Integration: Wind speed, direction, temperature sensors enable plume
modeling and leak quantification

Point Sensor Fusion: Integrates data from existing gas detectors for comprehensive
monitoring

Al Models Deployed

Leak Detection & Classification:

Gas Plume Segmentation: Modified U-Net architecture trained on 50,000 OGI video
frames identifying visible gas clouds

Detection sensitivity: Down to 2 grams/hour leak rate for methane

Multi-gas classification: Distinguishes methane, propane, ethylene, CO, based on spectral
signatures

False Positive Filtering: CNN classifier eliminates water vapor, steam, heat shimmer
artifacts (reduces false alarms by 94%)

Leak Localization & Quantification:

Source Identification: Optical flow tracking traces plume back to originating equipment
component

Leak Rate Estimation: Physics-informed neural network combines visual plume dynamics
with wind data to estimate emission rate (£25% accuracy)

Spatial Mapping: Geo-tags leak locations on facility layout for maintenance crew dispatch

Regulatory Compliance & Reporting:

Emission Inventory: Automated tracking of detected leaks, repair actions, verification
imaging

Threshold Alerting: Configurable limits for different gas types and regulatory regimes

Report Generation: Compliance reports formatted for EPA, state agencies
(quarterly/annual submission requirements)

Technical Specifications

Detection Sensitivity Methane: 2 g/hr, VOCs: 5 g/hr, CO,: 10 g/hr

Detection Range 5m to 150m (distance dependent on leak rate)

Coverage Area Up to 50,000 m? facility per camera network

Environmental Operation -25°C to +50°C, 0-95% humidity, IP66 rated

Alert Response <3 minutes from leak detection to mobile notification

Integration CMMS for work orders, GIS mapping, emissions
database

Quantified Benefits
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* 78% reduction in fugitive emissions through continuous monitoring vs. quarterly LDAR
surveys

« $1.9M annual savings from recovered product (natural gas facilities) + avoided penalties
» 6x faster leak detection compared to manual surveys (hours vs. days)

* 100% facility coverage with fixed + drone systems vs. 60-70% with manual inspections

« Zero regulatory violations for emission monitoring in compliant facilities

» Safety improvement eliminating personnel exposure during leak surveys in hazardous
areas

» Sustainability metrics providing data for ESG reporting and carbon credit programs

Conclusion: The Vision Al Imperative

The transition from manual, sampling-based inspection to continuous Vision Al monitoring
represents more than a technological upgrade—it is a fundamental reimagining of industrial
quality control, safety management, and operational excellence.

Across safety, particle sizing, surface defect detection, and thermal monitoring applications,
Vision Al systems deliver consistent, measurable value: 70-95% reductions in incidents, $1-5M+
annual savings per application area, and operational insights previously impossible to obtain.
These systems don't replace human expertise but augment it, freeing skilled personnel from
repetitive monitoring tasks to focus on strategic decision-making and continuous improvement.

The manufacturing facilities that will lead their industries in 2026 and beyond are those embracing
this Visual Intelligence revolution today. The question is no longer whether to deploy Vision Al,
but how quickly it can be integrated to capture competitive advantage before it becomes table
stakes.

Stop guessing. Start seeing. The future of manufacturing is visually intelligent.

About Nextagen Analytics

Nextagen Analytics is a leading provider of advanced vision Al and digitalization solutions for manufacturing, metals,

pharmaceuticals, chemicals, oil & gas, and aerospace industries. We empower businesses with cutting-edge
technologies and insights to drive innovation, improve efficiency, and achieve sustainable growth.

Contact: contact@nextagen.in | +91 2654059388 | www.nextagen.in




