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Abstract A new structured light stripe centerline extraction algorithm is proposed. This algorithm can stably
extract the stripe centerline under different interference environments and has the ability to repair broken lines.
Using the unsupervised feature of the density clustering algorithm, even if there is a broken line or noise
interference, it can still quickly cluster the set of candidate pixels on the centerline, greatly reducing the search
range. Then, after experimental data analysis, it is found that the centerline of different scenes also has the features
of high brightness and tend to be continuous. The energy function is defined by the Euclidean distance between
pixels and the brightness value to model the feature, and the shortest path search algorithm is iteratively converged
to accurately extract the centerline. The experimental results show that in three strongly disturbed structured light
images, the algorithm extracts the centerline with a root mean square error of 0.4 pixel, the processing speed is
12.48 times faster than the image seam algorithm with the same strong anti-interference ability. The proposed
algorithm greatly improves the anti-interference ability while maintaining fast operation speed and high accuracy,
and effectively reduces the restrictions of using structured light measurement in industry.
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Fig. 1 Laser stripe that breaks due to surface contamination

of the object being measured (simulation)
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Fig. 2 Laser stripe disturbed by light spot (simulation)
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Fig. 3 Laser stripe disturbed by sparks (simulation)
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Fig. 4 Demonstration of density clustering algorithm. (a) Pixelated laser stripe image;

(b) analysis of density clustering for local laser stripe image
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Algorithm 1: Pseudo-code of Density Clustering Algorithm For Binary Image

Input: DB: white pixels in the binary image
Input: e: radius

Input: minPts: density threshold

Input: dist: distance function

Output: label: point labels, initially not_ classified

Neighbors < GETNEIGHBORS(DB, €, minPts, dist)

foreach point p of DB do

N < Neighbors(p)
if [N| < minPts then
label(p) « noise

continue
¢ < next cluster label

label(p) + ¢
Seed set S < N
foreach point ¢ of S do

N « Neighbors(q)
if |N| < minPts then
label(p) + noise

continue
label(q) + ¢

S+ SUN

if label(p) # not_ classified then continue

if label(q) # not_ classified then continue

// Calculate neighborhoods
// Iterate all points
// Skip processed points

// Set a noise point

// Start a new cluster
// Set a core point

// Grow a cluster
// Skip processed points

// Set a noise point

// Set a core point
// Connect a core point

PR 5 % e A PR 1R A o B R Sk b B ) O AR

Fig. 5 Pseudo-code of density clustering algorithm for binary image
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Fig. 6 Demonstration of density clustering algorithm to

repair broken stripe, e=3, P=4
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Table 1 Parameter setting of density clustering

algorithm during experiment

Parameter Value
P 5
3 8
N 200
k 3
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Fig. 8 Demonstration of broken stripe processing. (a) Enlarged view of simulated broken stripe interference;

(b) experimental results on broken laser stripe
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Fig. 9 Experimental results of light spot interference
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Fig. 12 Errors of different disturbed image extraction
results relative to the reference centerline
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Table 2 RMSE of the disturbed image extraction results

relative to the reference centerline  unit: pixel
Whole  Normal  Noised Noised region
Picture ) ) ) )
region region region (image seam)
Fig. 1 0.423 0.371 0. 807 2.028
Fig. 2 0. 367 0.362 0.399 1.952
Fig. 3 0. 384 0.362 0. 455 1. 306
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Fig. 13 Extraction results of the proposed algorithm when applied to the actual stripe images.
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Table 3 Comparison of the average running time of

different algorithms unit: ms
) Image seam Proposed
Picture
algorithm algorithm
Fig. 1 257.13 6.26
Fig. 2 248.12 24.30
Fig. 3 247.94 25.33
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(a)—(d) Original images; (e)—(h) enlarged views
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Table 4 Comparison of the average running time of different

algorithms used for practical images unit: ms
Image seam Proposed
Picture
algorithm algorithm
Fig. 13(a) 123.69 9.03
Fig. 13(b) 126. 82 6.13
Fig. 13(c) 120.58 10. 26
Fig. 13(d) 70. 90 20.76
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