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4 Edge Detection
5 YOLO (You Only Look Once)
6 Stitching
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! Receiver Operating Characteristics (ROC curve)
2 Clustering
3 Hough Transform
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4 Hough Circle Transform
> Template Matching
¢ Region-based Convolutional Neural Network
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! Efficient Intersection over Union (EloU)
2 Carafe Upsampling
3 SE-Net (Squeeze-and-Excitation Network)
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4 Scaling
° Rotation
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! Contrast-Limited Adaptive Histogram Equalization
2 Gaussian Blur
3 Correlation
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Input: video, lines A/B, target points =M
Output: label € {Healthy, Defective}, features

1. video «— enhance(video: contrast, CLAHE); assert
fps=100
2. for each frame:
detect circle center ¢ = (cx cv) using Hough
if A < ex < B: centers append(c)
3. centers «+— uniform resample(centers, M) #
interpolation if needed
4. x +— centers[:,0]; v +— centers[:,1]

5. Extract Features:
trajectory_length =X |[c[i+1]-c[i]||
sum_sq dev =X d{point, line(start end))"2

sum_vertical_sq_dev =X (v[i] - line_y[i]y"2
vibration_std = std(diff{y))
ay = diff{(diff{y))

wavelet_vib_energy =X (DWT_details(ay))"2 / |ay|
acceleration std. = std(diff{~/(diff{x)"2 + diff(v)"2)))

6. features +— Zscore(features)

7. Decision Methods:
(2) Single-threshold:
1+ argmax T { TPR(t) - FPR(T) } (Youden’s Jvia
ROC)
label = Bent if feature™ > 1 else Straight

(b) Multi-stage Thresholding:
For each feature fi:
Evaluate candidate thresholds by Recall, Precision,
TN, FB (=2)
Priority:
Step 1 — max(Ff) if Recall=0.90 A
Precision=0.60 A TN=50%
Step 2 — max(TP+=TN) if Recall=0.90 A TN=30%
Step 3 — max(Recall) under TN=30%
Step 4 — fallback to Youden's J
label = Bent if fi = i else Straight

(c) K-Means clustering:
X = all features_normalized
clusters +— kmeans(3{ k=2)
assign cluster with higher Bent ratio — label=Bent
label = cluster(video_features)

8. Report:

Confusion Matrix, Precision, Recall, Fl-score,
ROC/AUC, PCA-2D clusters

Golgig g, S ad (VY)Y

2 Precision
3 Accuracy
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Abstract

This paper addresses the problem of detecting defective round steel
billets during their rolling motion. In the finishing hall of the Iran
Alloy Steel Factory, one of the essential operations applied to round
billets is straightening. However, no system currently exists to
automatically assess the quality of the straightening machine’s
output. To address this challenge, videos of billets rolling on the
discharge table after leaving the straightening machine are recorded.
After preprocessing and illumination balancing, the cross-section of
each billet in every frame is detected using the Circular Hough
Transform method. The motion trajectory of the billet in each video
is then determined, and six motion-related features are extracted for
analysis. These features include Trajectory Length, Sum of Squared
Deviations, Sum of Squared Vertical Deviations, Vibration of
Standard Deviation, Wavelet Vibration Energy, and Standard
Deviation of Acceleration. The values of these features are computed
with normalization based on sampling per unit length. Experimental
results demonstrate that features such as Vibration of Standard
Deviation, Sum of Squared Vertical Deviations, and Sum of Squared
Deviations show strong discriminative power in separating healthy
billets from defective ones. Although the false negative rate is
somewhat high, the proposed method achieves an overall accuracy of
about 85%, which is considered acceptable for practical industrial
application.
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