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Research and Implementation of Industrial Photogrammetry Without
Coded Points
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Nangjing, Jiangsu 210016, China

Abstract Placing a certain number of coded points is generally required in the current industrial photogrammetry
system. However, many industrial products are not suitable for the arrangement of coded points. This study
proposes a novel method of industrial photogrammetry without using coded points. Our method only requires a
projection device to project the speckle texture, a scale bar to recover scale, and a multi-angle camera to capture
various images of the measured object. A “coarse-to-fine” two-step reconstruction strategy is devised to solve the
multi-view geometry with high precision. Moreover, a rotation-free digital image correlation (RFDIC) method is
proposed for high-accuracy point-matching between images with large rotational angles. The experimental results
verify that the error in measuring the length of scale bar by the RFDIC method is below 0.01 mm/m and the error
of the RFDIC method compared with that of the latest commercial point cloud construction method for three

dimensional measurement system can reach approximately 0.055 mm, which satisfies the precision requirements of

industrial photogrammetry.
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Fig. 2 Process of multi-view structure reconstruction without coded points
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Algorithm 1 Random growth method of speckle particle

Input: seed point po, growing radius Ruin and Rmax, grayscale g, ;, and gy
Output: speckle particle with random shape

: generate a random grayscale bewteen g,;, and g,..x for po

2: push py into a stack S

3: M[po] + true

4: while S is not empty do

5. for the 8 neighborhood of each point in the top of the stack S do
6: randomly generate a radius R between R i, and Rpax

7 if D(p,po) < R and M [p] is true then

8: Po < p

9: generate a random grayscale bewteen g,,;,, and g, for py
10: push py into a stack S

11: M {po] « true

12: end if

13:  end for

14:  pop up po from S

15: end while

4 TR BE LA K D AURS

Fig. 4 Pseudocode of random growth method

of speckle particle
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Fig. 5 Speckle particles with random shapes
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particles. (a) 5-8 pixel; (b) 9-12 pixel; (c) 13-20 pixel
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Fig. 10 Mismatching problem of DIC between images with large rotation angle. (a) Left image; (b) right image
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Fig. 12 Matching results of RFDIC and Patch Matching methods. (a) Reference image;
(b) RFDIC method; (c¢) Patch Matching method
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Table 1 Comparison of matching results between

RFDIC and Patch Matching methods

Number of Matching Correlation
Algorithm
matching point  rate /% coefficient
REFDIC 3142 100 =>0.99
Patch Matching 3142 100 =>0.99
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Table 2 Comparison of running time and point cloud error

between REFDIC and Patch Matching methods

Running time/s
Standard

Average

error /mm deviation /mm

RFDIC Patch Matching

1.67 71.15
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Algorithm 2 Two-step multi-view geometry reconstruction
Input: images {I;} with speckle texture
Output: multi-view geometry structure {C; }
1: {F;} « FeatureDetector({I;})
2: {M;} + FeatureMatch({F;})
3: {C;} + IncrementalSFM({M;}) //initial geometry structure
4: for each M; from {M;} do
p, + M;[0]
for each point except M; from M;[0] do
s M;[j)
0. < EulerAngles (C,,C;)
9: ps < RFDICMatch (p,, p, 0-)
10: M;[j] « b,
11:  end for
12: end for
13: {C;} + IncrementalSFM({M;}) // more accurate geometry structure
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Fig. 13 Pseudocode of multi-view geometry

reconstruction without coded points
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Table 3 Reprojection mean error and RMSE of

multi-view structure

Method Average error /pixel RMSE /pixel
SIFT 0.124 0.205
RFDIC 0.053 0.074
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Table 4 Reconstruction results and error comparison of scale bars’ length

Scale bar to Scale bar to Standard Reconstructed
Method Error /mm
recover scale be verified distance /mm distance /mm
1 2 860.916 860.799 —0.117
SIFT
2 1 861.115 861.231 0.116
1 2 860.916 860.912 —0.004
Code points
2 1 861.115 861.118 0.003
1 2 860.916 860.921 0.005
RFDIC
2 1 861.115 861.110 —0.005
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Fig. 17 Point cloud and triangular mesh model
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