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Volume Measurement of Irregular Objects Based on Improved Point
Cloud Slicing Method

Liu Jinjin , Li Haojun
College of Surveying and Geo-Informatics, Tongji University, Shanghai 200092, China

Abstract When processing point cloud slicing data with multiple contour boundaries, the existing boundary point
sorting algorithms have problems such as the inability to distinguish each boundary, generation of abnormal
boundary polygons, and cross-sectional area calculation errors, which result in low volume measurement accuracy.
Therefore, an improved point cloud slicing method that considers multiple contour boundary segmentation is
proposed in this paper for high-accuracy volume measurement of irregular objects. In this method, the multiple
boundaries are segmented by the segmentation based on euclidean clustering (SEC) method or the polygon splitting
and recombination (PSR) method. Then, the inclusion relationships of the boundary polygons are clarified by the
PNPoly algorithm, and the cross-sectional areas are calculated. Finally, the volume of the point cloud (that is,
object volume) is calculated by accumulating the cross-sectional areas according to the slicing order. Multiple
datasets are used to compare and analyze the effectiveness and correctness of the proposed two boundary
segmentation methods as well as their volume measurement accuracy and efficiency. Experimental results
demonstrate that the PSR method has high boundary segmentation accuracy, strong applicability, stable and reliable
volume measurement accuracy (relative errors of volume calculation on three datasets are 0.0901%, 0.0557%, and
0.0289%, respectively), and less calculation time (with calculation time of 2.229 s, 33.732 s, and 327.476 s,
respectively), thereby achieving the purpose of high-precision volume measurement.

Key words measurement; volume measurement; point cloud slicing; point cloud classification; multiple contour
boundary segmentation; PNPoly algorithm
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Fig. 1 Main processes of volume measurement based on improved point cloud slicing method

2.1 BERBIEVR

SHEROCHERE 2 E DR R A
FNWIR 2200 15 2 B » 26 0 2 T v A 2 e i 75 51
FEXTSERE B a8 D (K 2 foR) . TS o
PRI DR AR FRAE 1 B B 235 A T A 4 I =
D LTI R 1 E A o5 0 R a0 e B LR 2
AATBERY  BOR-F- 1 E B R 4% 0 JEEE NS 2
E LA sm s . 2800 MkiukeE T

registration
denoising

A EE R R L i BT i, SCHRC 12 5 I A =% B o
R W s 1) 23 [R] 53 A o 5 B SRR B AT IR
8 SCHRL L0 48t #52 JRE B N 4 IR 8 i THE AL
BRI AR JE0 A DB TR . A SCHE 2 IR LR S
KT AR RE 8 A mm) ,

0=b-p, (6
K0 HAERSECHEO I 0. 4~0. 8 AT 15 2 34
SR ANE 3 iR 5o WAL mm.,

(b)

154.0 mm

)

165.7 mm &

K2 2 AR BRI, () 205 8 5 (b) a5 2 B A

Fig. 2 Point cloud data acquisition of spatial objects. (a) Multi-view point cloud data; (b) point cloud model
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Fig. 3 Diagram of point cloud data slicing. (a) Side view of Stanford Bunny and some slicing positions on it;

(b) contour boundary points in slicing layers
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Table 1 Attribute information of test data

) Closed 3D curved
Point cloud data
surface model

Testdata Nymber Point cloud Number Point cloud

of density of volume

points o /mm triangles V /mm’

Stanford Bunny 1040752  0.132982 2081496 753955

Happy Buddha 10010722 0.043887 10005248 354206

Lucy 14027872 0. 264439 10204572 81597353
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Fig. 8 Test data. (a) Three-dimensional surface model of Stanford Bunny; (b)(c) physical objects, point cloud data,

and surface models of Happy Buddha, and Lucy
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Table 2 Various parameter settings in data processing
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Fig. 9 Comparison and analysis of multi-contour boundary segmentation results of different slicing positions (along z-axis)

of

Stanford Bunny.

(¢) results of the PSR method

(a) Sorting results of the two-way nearest points search; (b) results of the SEC method;
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Fig. 10 Comparison and analysis of multi-contour boundary segmentation results of different slicing positions (alonge y-

axis) of Happy Buddha. (a) Sorting results of the two-way nearest points search; (b) results of the SEC method;
(¢) results of the PSR method
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Fig. 11 Comparison and analysis of multi-contour boundary segmentation results of different slicing positions (along z-axis)

of Lucy. (a) Sorting results of the two-way nearest points search; (b) results of the SEC method; (c) results of
the PSR method
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Table 3 Comparison and analysis of the cross-section area results of different slicing layers

Slicing position / Reference area /

Cross-sectional area /

Absolute error / Relative error /

Method o - e e y
—19.52 5829. 7675 5822. 224 7.5435 0. 1294
—13.02 8048. 3602 8028. 926 19. 4342 0. 2415
—8.02 9824. 7597 9332. 889 491. 8707 5. 0064
SEC —7.52 10035. 5983 10032. 709 2. 8893 0. 0288
—2.02 11767. 0358 11743. 300 23.7358 0. 2017
38. 48 8213. 1821 6009. 922 2203. 2603 26. 8259
42. 98 5569. 0552 5318. 557 250. 4982 4, 4980
—19.52 5829. 7675 5822. 202 7.5655 0.1298
—13.02 8048. 3602 8028. 946 19. 4142 0. 2412
—8.02 9824. 7597 9818. 832 5. 9277 0. 0603
PSR —7.52 10035. 5983 10032. 734 2. 8643 0. 0285
—2.02 11767. 0358 11761. 394 5. 6418 0. 0479
38. 48 8213. 1821 8206. 140 7.0419 0. 0857
42.98 5569. 0552 5571. 956 2.9003 0. 0521
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Fig. 12 Comparison and analysis of cross-sectional area results of different slicing layers at Stanford Bunny.

(a) Area of each boundary polygon; (b) accuracy of cross-sectional area results
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Fig. 13 Comparison and analysis of the cross-sectional area results of different slicing layers at Happy Buddha and Lucy.

(a)(c) Area of each boundary polygon; (b)(d) accuracy of cross-sectional area results
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Table 4 Comparison and analysis of volume measurement results of three datasets (slicing interval: 1 mm)

Method Test data VolumeSV / Absolute error /  Relative error / Number of Ca?culation
mm mm % layers time /s
Stanford Bunny 643931 110024 14. 5929 120 2. 583
SEC Happy Buddha 344419 9787 2.7631 198 39,311
Lucy 77244901 4352452 5. 3341 1597 366. 510
Stanford Bunny 753276 679 0. 0901 120 2. 229
PSR Happy Buddha 353998 208 0. 0587 198 33.732
Lucy 81573737 23616 0. 0289 1597 327. 476
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Fig. 14 Comparison and analysis of volume measurement results of three datasets with different slicing intervals.

(a)(c)(e) Accuracy of volume results; (b)(d)(f) calculation time
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