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In response to the market's need for luxurious automobile interiors, automotive parts makers are developing various types
of crash pads to give drivers a sense of emotional luxury. In particular, a low-cost and high-quality crash pad manufacturing
technology is being developed for mid- to low-priced vehicles, namely, the IMG-S (In Mold Grain-pre Stitch) technology.
High defect rate of stitching is a critical problem during the manufacture of crash pad using the IMG-S technology. In order
to solve this problem, this paper proposes a method of real-time machine vision inspection of stitches on the automotive
crash pad. This paper presents the real-time machine vision inspection system configuration, proposes stitch and reference
line detection methods, and method for calculating the distance between stitches and the reference line. According to the
distance between the stitch and the reference line, the status of the stitch was judged as normal, warning, or erroneous,
and the final result was displayed on the user interface. The applicability of the proposed real-time machine vision

inspection method was verified by stitching the test line.
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Fig. 1 The IMG process of producing a crash pad (up) and the
IMG-S based process of producing a crash pad with stitches
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Fig. 3 The camera and dual LED lights for inspecting stitches
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Fig. 4 Left/right stitches, reference line, and left/right offsets: (a)
The case of good stitches and (b) The case of fault stitches
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Fig. 5 Fault detection process for stitches
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Fig. 6 Fault detection process for stitches: (a) Original image, (b)

The image of left/right stitches, (¢) The image of reference

line, and (d) The result image of stitch inspection

Fig. 7 Perspective calibration of a camera image: (a) The original
image before the perspective calibration, (b) The image after
the perspective calibration, and (c) The image within ROI for
stitch inspection
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Fig. 8 The process for detecting left and right stitch contours and
moments
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Fig. 9 The pre-processing for stitch inspection: (a) Original image,
(b) The blurred image, and (c) The image after automatic
brightness and contrast calibration
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Fig. 10 Generation of initial stitch area mask through (a) The
horizontal Sobel derivatives from right to left, (b) The
horizontal Sobel derivatives from left to right, (c) The
binarization of image (a), (d) The binarization of image (b),
and (e) The OR bitwise operation of images (c) and (d), (f)
Delating of image (e), (g) Eroding of image (f), (h) Filter 2d
with a kernel, (i) Generation of left and right stitch area
masks through finding contours from the initial stitch area
mask followed by finding left and right stitch area masks by
removing outliers, (j) The left stitch area mask, and (k) The
right stitch area mask
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Fig. 11 Generation of left and right stitch area masks in case of
involving outliers: (a) The original image, (b) Finding
contours from the initial stitch area mask, and (c) Finding
the left and right stitch area mask by eliminating the outlier
contour

(a) (b) (c)

Fig. 12 Finding the left/right stitch contours and their moments: (a)
The stitches in the left stitch area mask, (b) The stitches in
the right stitch area mask, and (c) The contours and
moments of the left and right stitches
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Fig. 13 The process for detecting reference line
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Fig. 14 The pre-processing for reference line inspection: (a)
Original image, (b) The blurred image, and (c) The image
after automatic brightness and contrast calibration
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Fig. 15 Generation of reference line area mask and the image
contained inside the mask: (a) The initial reference line
area, (b) The reference line area mask obtained by delating,
and (c) The image contained inside the reference line area
mask
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Fig. 16 Finding the initial reference line using template matching
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Fig. 17 Finding the reference line: (a) The initial reference line
obtained using template matching, (b) Removement of
outlier, and (c) The reference line after smoothing
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Fig. 18 The process for fault detection for stitches
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Fig. 19 Results of inspection: (a) Good, (b) Warning, and (c) Fault
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Fig. 20 GUI for real-time stitch inspection of a crash pad
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Fig. 21 Processing of the out-of-focus image due to vibration of a
stitch machine: (a) Well-focused image, (b) The blurred
image of image (a), (¢) Out-of-focus image, and (d) The
blurred image of image (c)

(a) (b)
(© (d)

Fig. 22 Process to minimize the effect of external lighting: (a) The

original image extracted from a dart external environment,
(b) Stitches are not detected properly in image (a), (c) The
image with auto-adjusted brightness and contrast of image
(a), and (d) Stiches are well detected properly in image (c)
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Table 1 Computation time

Average time Minimum time Maximum time
[s] [s] [s]
0.0983 0.0951 0.1012

Table 2 Average precision, recall, F1-score, and accuracy

F1-score
0.987 0.975 0.980 0.970

Precision Recall Accuracy
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