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[Abstract]

This paper proposes an Al vision-based defect detection system designed for manufacturing processes
and presents its performance evaluation under realistic industrial conditions. The proposed system
integrates image acquisition, automatic labeling, defect detection, and result analysis into a unified
framework, and is implemented on an edge computing platform to enable real-time processing.

To evaluate the performance of the proposed system, a total dataset of 1,000 images was constructed,
and each repeated experiment was conducted using 100 test samples under identical conditions. The
evaluation metrics include defect recognition accuracy, defect type classification accuracy, object
detection rate, and detection speed. Experimental results show that the proposed system achieves an
average defect recognition accuracy of 94.6%, a defect type classification accuracy of 100%, and an
object detection rate of 97.86%. In addition, the average defect detection time was measured as 0.073
seconds, demonstrating its suitability for real-time industrial applications.

However, limitations of vision-based inspection were observed when applied to diverse and complex
industrial environments, particularly due to insufficient variability in training data. To address this issue,
additional experiments were conducted using synthetic images generated from normal and defective
samples collected from consortium partners. The results indicate that the use of synthetic data can
enhance data diversity and improve model generalization performance.

The proposed system demonstrates high potential for practical deployment in manufacturing
environments. Future work will focus on expanding the dataset, improving synthetic data generation
techniques, and integrating MLOps-based continuous learning frameworks for adaptive process

optimization.
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II. Preliminaries

2.1 Al-based Vision Inspection
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Fig. 1. Overview of Al-based Vision Inspection Process
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Table 1. Comparison of Existing Methods
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IV. The Proposed Scheme
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Fig. 2. Architecture of the Proposed
Al Vision Inspection System

4.2 Al Model Configuration
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4.3 Al-based Defect Detection Process
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Fig. 3. Workflow of the Proposed Defect Detection Process
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4.5 Evaluation Metrics
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V. Experimental Results

5.1 Hardware and System Specifications
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5.2 System Configuration
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Table 2. Hardware and Software Specifications of
the Proposed System

Component Specification
Edge Device NVIDIA Jetson AGX Orin
(275 TOPs, 64GB LPDDR5)
2048-core NVIDIA Ampere GPU(64
GPU
Tensor Cores)
CPU 12-core ARM Cortex-A78AE
Camera 2.AMP Industrial Camera
(Global Shutter CMQOS)
Frame Rate Up to 159 FPS
Interface USB 3.0 / Ethernet
0S Ubuntu 20.04
Auto-labeling + Defect
Al Software Detection(GUI-based)

5.3 Experimental Environment
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Table 3. Dataset Type
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5.5 Defect Recognition Accuracy
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Table 4. Defect Recognition Accuracy
(Based on 100 test samples)
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Trial Misclassified Images Accuracy(%)
#1 14 86.0
#2 3 97.0
#3 5 95.0
#4 3 97.0
#5 2 98.0
Average 94.6
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Dataset Type Count
Normal 600
Contamination 150
Dent 130
Protrusion 120

Total 1,000

5.4 Overview of Experimental Results
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Table 5. Defect Recognition Accuracy Test #1

Trial

Image

Test

Result

Normal

Normal
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Fig. 5. Examples of Defect Type Classification

Table 7. Defect Type Classification Accuracy Test #1

Trial Image Result

Contamination

2 Defective | Defective
3 Defective | Defective
4 Defective | Defective
5 Defective | Defective

5.6 Defect Type Classification Accuracy

2% §39 NS AY At Table 63 Lk

Table 6. Defect Type Classification Accuracy

Trial Typel Type2 Type3 Average
#1 100 100 100 100
#2 100 100 100 100
#3 100 100 100 100
#4 100 100 100 100
#5 100 100 100 100

S £ W A Aos 4% A3} gl IRl
Ankg ARSI

2 Dent
3 Protrusion
4 Dent
5 Protrusion
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5.7 Defect Object Detection Rate
A AR A& AY 2 Table 81F At}

Table 8. Defect Object Detection Rate

Trial G.F::tr;d Detected D;;fec(t; )n
#1 212 207 97.6
#2 203 201 99.0
#3 208 203 97.6
#4 204 200 98.0
#5 210 204 97.1

Aver. - - 97.86

2 A AEE2 Y+t 97.86%= UERGOD, &
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ol
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5 08 ARV EARISOL, ol W 4 B
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Table 9. Defect Object Detection Rate Test #1

. Detected
Trial Image Defects Defects
1 1 1
2 2 2
3 5 5

5.8 Defect Detection Speed
A% 25 45 AY 23t Table 102 2t

Table 10. Defect Detection Speed

Trial Detection Time(s)
#1 0.089
#2 0.068
#3 0.059
#4 0.068
#5 0.069
Average 0.073
2% 45 455 B 007352 Uepgon, ok &
o oF 13417 129} Aejo sigsts 2ok
53] 2= AFoA 0.1% olste] A2 £&5 fAIY
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= oz gelgirt,

Table 11. Defect Detection Speed Test #1

Trial Image Log Data(s)

11:31:50.050~
11:31:50.223
— 0.17

11:33:29.491~
11:33:29.550
— 0.06
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5.9 Result Analysis
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5.10 Synthetic Data-based Additional Experiment
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