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Algorithm for Binocular Vision Measurements Based on
Local Information Entropy and Gradient Drift

Zhou Shuhua, Xu Sixiang , Dong Chenchen, Zhang Hao
College of Mechanical Engineering, Anhui University of Technology, Maanshan 243032, Anhui, China

Abstract An algorithm for binocular vision measurements based on local information entropy and gradient drift is
proposed to solve the low detection efficiency, low matching accuracy, and insufficient binocular vision measurement
accuracy of traditional feature detection algorithms. First, the image is divided into several sub-regions, the local
information entropy of each sub-region is calculated to screen out the high-entropy regions, and the oriented FAST and
rotated BRIEF (ORB) algorithm is used to detect feature points. Second, the circular neighborhood is used to replace the
pixel points, and the gradient amplitude of each pixel in the circular neighborhood is improved using two-dimensional
Gaussian weighting to improve the rotation invariant local binary patterns (LBP). Next, it is fused with the rotated binary
robust independent elemental features (rBRIEF) to generate a new descriptor for feature matching. Finally, the gradient
drift method is proposed. The sub-maximum response value of the feature point is introduced as the auxiliary factor.
Combined with the maximum response value, the accurate coordinates of the ideal feature point are calculated through the
iterative coordinate update, solving the inaccurate feature point coordinates and improving the measurement accuracy. The
experimental results show that the average matching accuracy of the proposed algorithm is 37. 51% higher than that of the
traditional ORB algorithm, and the lowest relative measurement error is 0. 365%.
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Fig. 1 Flow chart of continuous casting slab ranging
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Fig. 2 Comparison diagrams of entropy value of continuous casting slab model. (a) Continuous casting slab model diagram;

(b) continuous casting slab model entropy diagram
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Fig. 3 Schematic diagram of improved rotation invariant LBP
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Fig.5 Schematic diagrams of gradient drift. (a) Schematic diagram of single drift; (b) schematic diagram of » drifts
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Table 1 Internal parameters in binocular camera

Parameters in the left camera  Parameters in the right camera

2201.7 —2.7064 902. 1510] {2201. 7 —1.3224 810. 7142

0 2199 620. 9882 0 2199 539. 9540
0 0 1 0 0 1
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Table 2 External parameters in binocular camera

Rotation matrix R Translation matrix T

0.9988  0.0024 —0.0480 —101. 9358
—0.0029 1.0000 —0.0092 —0. 2669
0.0480  0.0093  0.9988 —2.7488
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Fig.6 Before stereo correction (the top) and after stereo

correction (the bottom)
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Fig.8 Comparison results of feature detection. (a) Detection results of traditional SIFT algorithm; (b) detection results of traditional

SUREF algorithm; (¢) detection results of traditional ORB algorithm; (d) detection results of proposed algorithm
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Table 3 Comparison results of feature detection data

SIFT SURF ORB  Proposed
Parameter . . . .
algorithm algorithm algorithm algorithm
Number of features 440 359 309 176
Time /ms 17817  1550.56 181.821 122.814

MIE 8 HLLFE H : SIFT 835 A SURF 53 35 46 )
T SCERERRAE A5, EURG I B ) R, R AN B S
£ s ORB B3 A7 — Ab OC B FR AF 250 U A 5 T i B30 326 A )
a5 W LAY T /D R RRAE SR TR B, DR BT DG BRI A

MNFE 30T LUE % b A B3 P B R KR BRI T
FRAE 5 4G K B 4R TR I ROR | A8 17 I ) L L S
ORB #3580 32. 45% -
3.3 BHMEE AT LBP RS rBRIEF

TE 5 A1 AN 7] ff B2 10 18 1 3% B 1 AR kAT 5K
56, 38 i R AE VT o — 25 FL B A5 48 ORB B3k S T
oo B Ay B 5 R AR 07457 1607, 90° .
180°, 43 M #E 4T 5 R L 56, &8 43 5L g0 25 R 1] 9 Frow .
D e 1 A % R D e 1S (7] 7] DA AR G o B8 M B A i
GeitgE R E 10 s o

P9 TEECRCRIE . (a) 58 ORB AL IETER 075 (b) BT 2 5 R 075 (o) %48 ORB B ML Jie e 45°; (d) BT 251 1 e 4% 4575
(e)f& % ORB B HiE R 180° s (1) T 412 5 1 i % 180°
Fig. 9 Matching effect diagrams. (a) Traditional ORB algorithm rotated 0°; (b) proposed algorithm rotated 0°; (c) traditional ORB

algorithm rotated 45°; (d) proposed algorithm rotated 45°; (e) traditional ORB algorithm rotated 180°; (f) proposed algorithm

rotated 180°
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Fig. 10 Comparison results of matching accuracy and matching time. (a) Comparison results of matching accuracy;

(b) comparison results of matching time
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Table 4 Pixel coordinate update results from gradient drift (1)

The left image coordinates before

The left image coordinates after

No- gradient drift /pixel gradient drift /pixel Drift times
A (691.411,578. 248) (691.411,578. 248) 0
B (615.847,607.103) (615.995,605. 662) 2
C (602.562,752.617) (603.996,753.417) 4
D (1288.445,959. 549) (1287.945,957.812) 3
F4 MEEBGRLIRERAR(2)
Table 4 Pixel coordinate update results from gradient drift (2)
No. The right im?ge coF)rdinthes before The right irr}age C(.)ordir.lates after Drift times
gradient drift /pixel gradient drift /pixel
A (462.151,577.643) (462.225,578. 344) 3
B (373.226,604.886) (373.226,605.291) 2
C (363.613,751.803) (363.608,753.103) 2
D (1010. 215,958. 468) (1009. 224,957. 468) 1
Fe5  BREEVERS LE AR AR R4
Table 5 Three-dimensional coordinate update results from gradient drift
No. Three-dimensional coordinates before gradient drift Three-dimensional coordinates after gradient drift
A (71.4026,0.4204,—978.9412) (71.4257,0.5764,—979.2572)
B (99.2183,12. 1819, —925. 0314) (99.0957,11. 9569, —924. 4675)
C (—106.4104,74.7447,—939. 2467) (—105.1653,74. 7425, —933. 6242)
D (159.9014,139. 9574, —806. 6422) (159.4369,139. 2103, —805.2212)
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Table 6 Measurement results of continuous casting slab model

) Measurement Actual Absolute Relative
Side .
results /mm  size /mm  error /mm  error /%
AB 62.426 63 0.573 —0.910
BC 63.739 63 0.739 1.173
CD 301. 094 300 1.094 0.365

FT7 LG SIFT 84 vk 2 45 5

Table 7 Measurement results of traditional SIFT algorithm

Ranging Actual Absolute Relative

length /mm length /mm error /mm  error /%
1 305. 680 300 5. 680 1. 893

2 294. 221 300 5.779 —1.926
3 305. 780 300 5. 780 1.927

4 294.319 300 5. 681 —1.89%4
5) 305. 840 300 5. 840 1. 947
Mean 301. 168 300 5.752 1.917

8 L4 ORB H LI & 45
Table 8 Measurement results of traditional ORB algorithm

No. Ranging Actual Absolute Relative
length /mm length /mm  error /mm  error /%
1 295. 345 300 4.655 —1.552
2 304. 563 300 4.563 1.521
3 304. 700 300 4.700 1. 567
4 295. 435 300 4.565 —1.522
5 304. 653 300 4.653 1.551
Mean 300. 939 300 4.627 1. 542

RO OPTRE I LR

Table 9 Measurement results of proposed algorithm

Ranging Actual Absolute Relative
length /mm length /mm error /mm  error /%
1 301. 094 300 1.094 0.365
2 301. 137 300 1. 137 0.379
3 298. 887 300 1.113 —0.371
4 298.773 300 1.227 —0.409
5 301. 158 300 1. 158 0. 386
Mean 300. 210 300 1. 146 0.382

FH e 6~ NI HT, BT #1040 3 0 RS R e v, S X AR
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