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Evaluating manufacturing vision requires strict isolation of repeated acquisitions
between training and test data. We analyzed 1,120 nonpublic welding inspection
images from two quality classes and 140 acquisition groups. After removing exact

duplicates, we varied unique frames per group from one to five and compared

Revised 9 September 2026
Accepted 18  September 2026
Keywords:

Manufacturing inspection
Welding inspection
Repeated acquisition
Evaluation unit

Grouped split

Data leakage

image-random, acquisition-group, and paired-group five-fold validations across
30 assignments. Same-group exposure under image-random splitting reached
99.9%. Consequently, the balanced accuracy of HOG-linear SVM increased from
0.376 to 0.762 under image-random splitting but decreased from 0.409 to 0.288
under acquisition-group splitting, while paired-group performance remained at
~0.55. A compact convolutional baseline showed a much smaller but directionally
consistent trend, with balanced accuracies of 0.524 (image random) and 0.484
(acquisition group). Decision-margin directions changed with the split unit, thus

rendering model superiority unstable. Therefore, repeated frames amplify
evaluation bias without adding independent cases. Performance reports should
quantify exposure and align split units with intended deployment cases.
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Fig. 1 Illustrative reconstruction of image relationships in the
welding inspection data: (a) distinct acquisition cases,
(b) an exact duplicate within an acquisition group, and
(c) visually corresponding groups across two anonymous

quality classes

Table 1 Configuration of the welding inspection image data

Item Value
Quality classes 2
Total images 1,120
Acquisition groups 140
Images per acquisition group 8
Images after exact-repeat removal 700
Exactly repeated images 420
Cross-class paired-group candidates 70 pairs
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(a) Balanced accuracy
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Fig. 2 Classification performance by evaluation split for the HOG-linear SVM, the low-resolution RBF-SVM, and the compact CNN:
(a) balanced accuracy and (b) AUROC. Error bars denote standard deviations across ten seeds. The paired-group condition
shown here uses the fixed grouping determined by the supplied file structure, whereas Table 3 reports means over 30 random

paired-group assignments
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Table 2 Training—test exposure according to the split condition

Paired
acquisition
group (%)

Exact hash Same

Split condition %)

acquisition
group (%)

Image-random 60.1£1.8 100.0 100.0

Random after repeat

100.0
removal

100.0

Acquisition-group 0.0 68.1+8.4

Group after repeat removal 0.0 68.1+8.4

Paired acquisition-group 0.0 0.0
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Normalized acquisition-group decision margins after repeat removal

(a) Image-random (b) Acquisition-group (c) Paired-group
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Each point is one acquisition group averaged across 30 repeated five-fold assignments; the dashed line is the decision boundary.
Fig. 3 Acquisition-group decision margins after exact-repeat removal under image-random, acquisition-group, and paired acquisition-group
splitting. Margins were divided by the root mean square of training margins within each fitted fold, and each point denotes
one acquisition group averaged across 30 repeated assignments
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Sensitivity to the number of unique frames per acquisition group
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Fig. 4 Sensitivity to the number of unique frames per acquisition group: balanced accuracy for (a) HOG-linear SVM and (b)
low-resolution RBF-SVM, (c) the image-random minus acquisition-group BA difference, and (d) training—test exposure under
image-random splitting. Lines and bands denote means and empirical 2.5-97.5 percentiles across 30 repeated assignments
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Table 4 Reporting information for repeated-acquisition inspection
data

Item Required description

New image, acquisition case, workpiece,

Deployment target . . .
proym: g lot, equipment, or time period

Images per case and handling of

Repeat structure
exact or near repeats

Grouping key and separation rule

Split rule -
P between training and test sets

Exact-image, acquisition-group, and

Training-test .
ralfing-est exposure higher-level group overlap

Prediction unit, aggregation rule,

Evaluation procedure . ..
P metric, folds, and repetitions
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