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Abstract: In the study of 3-Dimensional (3D) local feature descriptor, it is difficult to strike a balance among
accuracy, matching time and memory consumption. To solve this problem, an adaptive binary simplification method for 3D
feature descriptor was proposed based on the standard deviation principle in statistical theory. First, different binary feature
descriptors were generated by changing the binarization unit length and the number of standard deviations in the
simplification model, which were applied into the currently widely used Signature of Histogram of OrienTations (SHOT)
descriptor, and the optimal combination of binarization unit length and the number of standard deviations was determined by
experiments. Finally, the simplified descriptor under the optimal combination was named Standard Deviation feature
descriptor for Signature of Histogram of OrienTations (SD-SHOT). Experimental results show that compared with the SHOT
descriptor without simplification, SD-SHOT reduces the key point matching time to 1/15 times and the memory occupancy to
1/32 times of SHOT; compared with the existing mainstream simplification methods such as Binary Feature Descriptor for
Signature of Histogram of OrienTations (B-SHOT), SD-SHOT has the optimal comprehensive performance. In addition, the
validity of the proposed method is verified in the actual robot sorting scene consisting of five different categories of objects.

Key words: adaptive binary method; 3-Dimensional (3D) feature descriptor; 3-Dimensional (3D) object recognition;

point cloud; object sorting
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Fig. 1 3D visual perception process based on local feature descriptors
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Tab. 1 Comparison of memory consumption by feature descriptors from

different literatures

75 RO T Sk RFEWAF i
1 PFH [4] 2008 125
2 FPFH [5] 2009 33
3 SHOT [6] 2010 352
4 TriSI (7] 2013 675
5 RoPS [8] 2013 135
6 HoD [9] 2016 240
7 LFSH [10] 2016 30
8 MaSH [11] 2017 140
9 TOLDI [12] 2017 1200

10 SDASS [13] 2019 345
11 DLFS [14] 2020 240
12 CDLFS [14] 2020 78
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Tab. 2 Comparison of simplified descriptor 7' of

different parameter combinations

BEHAT  FIIITKEEL AR T,
SHOT 17. 15
B-SHOT 4 48. 85
STD-SHOT 11 0.5 34.52
STD-SHOT 11 1 25.69
STD-SHOT 11 2 46. 14
STD-SHOT 352 0.5 20.92
STD-SHOT 352 1 20. 15
STD-SHOT 352 2 23.77
0.30
0.25
020 /& A | - CI-SHOT
’:q x-+ B-SHOT
8 0.15 —— SHOT
~ —#~— GRAY-SHOT
0.10 --o-- SD-SHOT
0.05
0.004£2
0.0 0.2 0.4 0.6 0.8

1-Precision
&2 AR 719 PRC
Fig. 2 PRC of different simplified descriptors
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Y 46 A4~ I SR — AR S T TR S R A
RO RFE—B, MR 3 FTH, A SCHE 119 SD-SHOT s [ ik
A EAR T BT 0 AL AR R R T, WAL T FPFH Jm dRRAE il
WP XHEEAH S SHOT #§3i8 T . FPFH 38 F A1 SD-SHOT
DA B JH At = 30 7 A A% R A 2 ST D AN LR IR TR
7 £k B (8] 0 52 Bs UG g s (R AL A0 . AR 3 ] LB W X
SHOT IR HEIR AT , 7648 F kil #0477 187 105 DT BC A R #54G R
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e P A R AT o X A 7 R HL 38, SD-SHOT 2R FH— 137 —
P B R A — 4k SHOT HRAE i i T B9 77 548, AT AR T 352
37 Ze7R8 352 4 SHOT ¥ s (B A 4, i T SHOT J2& 352 4 V7 45 8K,

B T2 1408 F75 (11264 17 ) 1Y 3l %4t . 4]
T, 2R R T2 SD-SHOT H1 B-SHOT, B THY N
A7 7 PR FEAR R T 50Kk SHOT 19 3. 13%.
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Tab. 3 Average time consumption comparison of key point feature matching

i BUSRREA faifL#EMt/s  NN-Matching/s ~ RANSAC/s S /s AR T R E] 5 SHOT B 18] Y Fe B /%
SD-SHOT 0. 001462 0.003671 0.000214 0. 005 348 6. 46
B-SHOT 0. 002254 0. 003 649 0. 000 675 0. 006578 7.95
CI-SHOT 0.004911 0. 005779 0. 000484 0.011174 9.58
GRAY-SHOT 0.002194 0. 005444 0. 000287 0. 007926 13.51
FPFH 0.038 144 0. 000406 0. 038550 46. 60
SHOT 0.082479 0. 000244 0.082722 100. 00

R4 BHEHERFSARFLRER

Tab. 4  Comparison of memory consumption of different feature descriptors

AT 25 AT i il bit ATt L B%
SD-SHOT 352 3.13
B-SHOT 352 3.13
CI-SHOT 704 6.25
GRAY-SHOT 704 6.25
FPFH 1056 9.38
ROPS 4320 38.40
SHOT 11264 100. 00
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F SD-SHOT 532 % SR R A 10 B 28 47 % bl ik, 3631 —3F
AT AL S R AR DL R 3 S AR ST S - 5 A Y M R
YR RGN R G AE R4y AN R 3 AR 4 R
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Fig. 3 Experimental platform of object sorting system
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Fig. 4 System architecture of object sorting system
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Fig. 5 Images in actual experiment
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Tab. 5 Average accuracy comparison of sorting objects on actual

operating platform

I RIERE %

HRTFHR —
METEN T i ik W HH
SHOT 68 50 50 40 17
B-SHOT 60 31 50 60 25
SD-SHOT 72 44 50 60 42
4 HiE

AR SCHE T — B0 LT AR w2 09 [ 3 R R R A
B BT SHOT F#AE A T 19 4k L 35 4#E Bologna Kinect
AR AR L BRBLAE NI 3 4507 & X LT Tl .
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