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Abstract High-throughput, integrated, fully automated molecular diagnostic equipment continuously
performs sample dispensing, nucleic acid extraction, and gene amplification. It provides convenience to
laboratory technicians, minimizes cross-contamination and infection risk, and is gaining importance in
medical and biological research. This paper proposes a vision-based verification system to determine the
status of such equipment components before operation. The system countered potential errors like
specimen confusion and loss. The system used dual verification through object detection and image
processing, considering the special characteristics of medical devices. The average system verification
time for component data was 0.53s per image. The verification angle was within the status determination
range, with an average rotation angle of 93.68° and a standard deviation of 2.99 for the 'Lock Case' and
an average rotation angle of 65.62° and a standard deviation of 8.86 for the 'Unlock Case." The
verification results were consistent with the actual status of clamps, demonstrating effectiveness in
judging the readiness of molecular diagnostic equipment, preventing malfunctions, and reducing

cross-contamination and sample loss risk.
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Fig. 1. Object Detection techniques comparison:
Original image, Keypoint matching result
(KM), Template matching result (TM), and
YOLOv7 result
(a) Detected by KM,TM and YOLOv7
(b) Detected by YOLOv7 but undetected by KM and TM
(c) Detected by TM and YOLOv7, but undetected by KM
(d) Detected by KM and YOLOv7, but undetected by T™M
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Table 1. Comparison of template matching and
keypoint matching result for object
detection, conducted on macOS with an 10
core CPU, 16core GPU, 32GB RAM

Method Detection Rate | Run Time(s)
Invariant Template Matching 43% 17.50
Keypoint Matching 41% 0.79
YOLOv7 100% 0.531
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Fig. 2. Vision-Based verification system sequence
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Fig. 3. Scharr and Sobel edge detection comparison:
(a) Original image (b) Scharr X-axis derivatives
(c) Scharr Y-axis derivatives (d) Sobel X-axis
derivatives (e) Sobel Y-axis derivatives.
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Fig. 4. Comparison of morphological operations with
different kernel sizes: (a)Closing, 3x3 kernel

(b) Closing, 5x5 kernel (c) Opening, 3x3
kernel (d) Opening, 5x5 kernel
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Fig. 5. Image processing algorithm
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Table 2. Precision, Recall, and mAP values across
training epochs for the object detection

model.
Epoch Precision Recall mAP(0.5)
1 0.8442 0.34587 0.4455
100 0.9311 0.9456 0.9616
150 0.9424 0.9221 0.9612
200 0.9104 0.9649 0.9741

Result
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Fig. 6. Precision, Recall, and mAP graph across
training epochs for the object detection

model.

(a) b
Fig. 7. Performance evaluation curves: (a) F1 score
curve (b) Precision-Recall curve
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Fig. 8. Object detection model test result
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Fig. 9. Image processing test result
(a) 97.1° (Lock case) (b) 90.6° (Lock case)
(c) 83.1° (Lock case) (d) 78.6 (Unlock case)
(e) 64.5 (Unlock case) (f) 53.6 (Unlock case)
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Table 3. Vision-based verification system result

Lock Unlock
Average 93.68 65.62
Standard deviation 2.99 8.86
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