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Volumetric measurement of Lidar based on visual correction
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Abstract: To address challenges faced by most volume measurement methods, such as difficulties in transferring, poor real-time
performance, and sparse, noisy, and perturbed Lidar point cloud data, this article presents a vision-based correction method for Lidar
volume measurement for small ‘L’ -shaped objects. The proposed method first aligns camera and Lidar data through joint calibration and
time-stamped nearest-neighbor matching. Subsequently, it leverages target detection algorithms to extract information from images while
simultaneously performing ground segmentation on point cloud data to distinguish ground and non-ground points. By employing visual
projection and point cloud clustering, the method segments target point clouds and utilizes KDtree to identify ground points in proximity
to the target point cloud. Finally, a 3D box fitting algorithm is proposed to provide initial rough estimation of the point cloud target’s 3D
box. A visual correction model is established to refine the target’s 3D box, and enable accurate volume calculation. Experimental results

3

show that for ‘L’ -shaped objects like weapon crates, medical boxes, and barrels, the proposed algorithm achieves promising results
within a certain range. The average relative error in volume measurement is less than 4. 44% , with a maximum error below 6. 12% and
a maximum repeatability error of 5. 61%. In addition, the integration of the visual correction model significantly enhances the algorithm’
s accuracy and stability. The processing of frame on an embedded platform takes 55 ms, demonstrating the capability to achieve real-
time, high-precision volume measurement. This method holds great promise for practical engineering applications.
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Fig. 1 A framework for LiDAR volume measurement algorithm based on visual correction
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Fig.3 Visual projection results
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®1 WERSTIER

Table 1 Object size and volume

/100m /(X107 m) /(x107" m) /(X107 m”)
RAEER  7.05 4.50 3.75 118.97
ETag e 3.56 2.31 2.31 19. 00
THIA 3.40 1.60 4.50 24. 48
M0 R £22. 5° K- F 03 BEA Sy 0. 350 3 A o3 B

0.7°,4E 1~20 m P HREHE N £ 1 em, 314555 R Hy
10 Hz;Inter RealSense D435i HHLA FI~IT L1 /MRS L A
—ANA GRSk FEg FOR AT WOGEAR Sk, HoAl g

6 LEF AR

Fig. 6 Diagram of experimental platform
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Table 2 Software environment requirements

WA hiAs
CUDA 10.2
PCL 1.8.1
ROS Melodic
OpenCV 4.1.1
TensorRT 7.1.3

3.2 KIGdERR

SEI it RO R A B L Y= B H L, ~0.75 m B
WOGT IR TE ERKCOE M 3 9 456 0(3) )4
[ SO S S B Wy I 00 7 O W S D R
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Fig. 8 Diagram of point cloud disturbance
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Table 3 Measurement results of oilbarrel volume

FLHRTR — PR AR PR EEMN
/(x107 m?*) /(x107 m*) /% /%
2.0 24.01 3.47 3.94
2.5 23.86 4.77 5. 60
3.0 24. 88 4.62 4.98
24.48

3.7 23.62 4.92 4.62
4.5 13. 62 44.37 34.26
5.5 11.27 54.14 23.34

x4 RBFFERCRUEER

Table 4 Measurement results of weapon box prop volume

BLILARR . PRI AR P HRE EmEN
/(%107 m®) /(x107% m®) /% /%

2.0 112. 44 5.47 1.19
2.5 114.28 4.05 1.79
3.0 120. 61 4.17 2.41
3.7 124. 09 4.31 1.80

118.97
4.8 115. 84 3.70 3.42
5.9 124. 62 4.77 2.54
6.5 129.35 8.71 3.78
7.5 135.27 13.71 7.56
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Table 5 Medical box volume measurement results

BRI — SFEMEAR PRRE mEN
m
/(%107 m®) /(x107%m?) /% /%
2.0 18.30 3.79 2.26
2.5 19.01 2.05 2.68
3.0 19.24 3.26 2.41
3.7 19.72 3.85 1.96
19. 00
4.3 20. 16 6.12 1.25
5.5 19. 67 3.89 2.45
6.5 20. 16 8. 63 7.53
7.5 20. 02 9.92 13.34

B TR

(a) RASAEEH
(a) Weapon box

(b) BT A
(b) Medical box
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Fig. 9 Diagram of visual correction model results
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Table 6 Accuracy changes before and after volume

correction %
TR RRZE REL M

BIERT BIEfE BIERT BIER BIER BIEE
RESMIE R 1261 4.41  19.17  5.47  18.07 3.42

Y74 23.64 3.74  39.07 6.12 22.38 3.26
THIAE 25.93  4.44  48.47 492  23.96 5.61

5.6% 2. 5% Fl—1.6% , I HAEFF— 42 i) 2 AR SCH
Y AE B A AL BRES ]S4 55 ms , i F ARAG I 4 7k st [
29709 14 ms, g = AL B S AR TR 298 41 ms, fig
IR B SR A PR ER o AR SO A R LA SO
Tk, HE i B AL L O & AR H R 42 SO e 52 A
FEIPRBE I = 4 B, BB 7E R AN R W IR B8 T4, 0
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Table 7 Measurement results before and after visual correction at different times at 2. 0 m of the medical box

i 1 Iy £y

2] i3

e/% 74.8—-6.2 48.0—-2.5

31.9-2.3 42.6—3.5

K10 2 FARARN 25

Fig. 10 Multi target volume measurement results
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