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1. 15 B 8hHEFT No. 1 electric push rod; 2. B2 4R Dust plate; 3. 541
Guide rail; 4. #0615 Laser radar; 5. fil [lRHL#L Servo motor; 6. 3 J#
Bracket;7 414 Box;8. 2-5HEHHFT No.2 electric pushrod.
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Fig.1 Structure diagram of storage measurement device
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Fig.2 Measurement principle of laser radar scanning
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1. HLJEJT 56 Switching power supply; 2. Arduino UNO % #2 Ar-
duino UNO development board; 3. 157l 37. 4% % No.1 separate but-
ton;4. 2547 F5 5 No.2 separate button; 5. 4kHL 7 Relay;6. 15 H
FIHEFF No. 1 electric push rod; 7. 2 %5 B 8 #EFF No.2 electric push
rod.
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Fig.3 Hardware circuit diagram of storage capacity

measurement control system
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Fig.> Flow chart of point cloud data acquisition
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Fig.6 Schematic diagram of laser radar scanning
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A %5 BHE 5 2 Empty tower point cloud ; B: & 2K & 2 (200 kg)
Corn point cloud (200 kg) ; C: #F#,5 = Splicing point cloud.
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Fig.8 Original point cloud
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A 75 BHE S 2 Empty tower point cloud ; B : $2 B2 BHE 9 8 B 45
Overlapping points extraction of empty tower; C: $2& B & 1 J5 1945
KL 55 2 Point cloud of empty tower after extrection of overlapping
points; D : )8 18 5 2 Material surface point cloud ; E : #2 U K} 55
Ifi 7278 s, Overlapping points extraction of material surface ; F : T
Z 5 WP kLR T A 2 Point cloud of material surface after extrac-
tion of overlapping points; G : %) Bt 5 2« Material point cloud ; H: £ Ht
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J& 19 ¥ B} 25 == Material point cloud after extraction of overlapping

points.
B9 REEZEER
Fig.9 Extraction of point cloud overlapping points
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A BRI & 055 19 BHE 552 Point cloud of empty tower after ex-
J5 (R S Pass-
through filtered empty tower point cloud ; C: #EHUHE & &5 A9k
Tl 45 = Point cloud of material surface after extraction of overlapping
points; D: FLil &% J5 1908} 3 I &5 2 Pass-through filtered materi-
al surface point cloud; E: $21 & 5 5 1 ¥ kL 55 = Material point
cloud after extraction of overlapping points; F : 18 % I J& 4908 A5
2 Pass-through filtered material point cloud.
E10 mR=EHBIRE
Fig.10 Point cloud through filtering

trection of overlapping points; B: H. i & 3

D :

B JE U 1925 BHE 5 2 Pass-through filtered empty tower

point cloud; B: BRF R 240 Hl 5 1y 48

cloud after Euclidean clustering segmentation; C: i JE 3 i 940kt

%Ml 5, 2 Pass-through filtered material surface point cloud; D: KXz

A I () W) KL 3 T 5 2= Material surface point cloud after Eu-

clidean clustering segmentation; E: ELif 8 I J5 19 ¥ Bl 45 = Pass-

through filtered material point cloud ; F: BRZCER 200 #1 5 9k S =
Material point cloud after Euclidean clustering segmentation.
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Fig.11 Euclidean clustering segmentation
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Fig.12 Three-dimensional reconstructed image
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Table 1 Volume measurement results based on

three-dimension reconstruction

SRR . - ‘ -
e FIERY i /m® o2 /m® R 52224
NoJ. Actual Measuring Absolute Relative
volume error error
volume
1 0.1359 0.134 3 0.0016 1.18
2 0.2715 0.268 7 0.002 8 1.03
3 0.406 1 0.4011 0.0050 1.23
4 0.5418 0.5359 0.0059 1.09
5 0.678 0 0.667 1 0.0109 1.61
6 0.8132 0.804 8 0.008 4 1.03
7 0.947 9 0.934 1 0.013 8 1.46
8 1.083 9 1.066 7 0.017 2 1.59
9 1.2186 1.203 8 0.014 8 1.21
T
Average 0.008 9 1.27
value

x2 RAENEESAINEERER
Table 2 Inventory comparison between scanned and

manual measurements

- S - LiikS)
o PR /kg AT /kg  4axRZE/kg L.,
A= WE/%
Scan Manual Absolute .
No. Relative
measurements measurements error
error
1 98.84 100 1.16 1.16
2 197.73 200 2.27 1.14
3 295.17 300 4.83 1.61
4 394.38 400 5.62 1.41
5 490.90 500 9.10 1.82
6 592.28 600 7.72 1.29
7 687.42 700 12.58 1.80
8 785.02 800 14.98 1.87
9 885.85 900 14.15 1.57
P4t
Average 8.05 1.52
value
A \A
3 it it
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A method for measuring storage capacity of raw materials in storage
tower based on laser radar scanning

NIU Zhiyou, SHEN Bosheng, LU Kaixin, XU Zhijie , JIANG Shanchen, LLIU Jing, LIU Meiying

College of Engineering/Ministry of Agriculture and Rural Affairs Key Laboratory of Smart Farming for
Agricultural Animals , Huazhong Agricultural University, Wuhan 430070, China

Abstract A device and system for measuring storage capacity based on two-dimensional laser radar
scanning was designed to improve the automation and intelligence level of measuring storage capacity of
raw materials in storage tower and explore the feasibility of measuring storage capacity based on two-dimen-
sional laser radar scanning. The system used RPLIDAR S1 two-dimensional laser radar scanning to obtain
the original point cloud data of material with different storage capacity. The original point cloud was prepro-
cessed with methods including coordinate transformation, overlapping point extraction, filtering, segmenta-
tion and others. The greedy projection triangulation algorithm was used to reconstruct the preprocessed
point cloud in 3D to obtain a 3D model of the raw materials in the storage tower. The storage capacity of
raw materials in the storage tower was obtained by combining the three-dimensional model of material and
the bulk density of materials, thereby realizing automatic measurement of storage capacity. Maize was used
to measure the amount stored in a small storage tower, and scan and measure different amounts stored to
verify the accuracy of the model. The results showed that the average absolute error of the measurement re-
sults was 8.05 kg, with the average relative error of 1.52%. It is indicated that the method for measuring
storage capacity based on two-dimensional laser radar scanning is feasible, with good stability and accuracy
of measurement, and can meet the needs of production in practice. It will provide a new method and techni-
cal support for automatically measuring the storage capacity of raw materials in large storage tower.

Keywords storage tower; storage capacity ; laser radar; point cloud processing; three-dimensional

reconstruction
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