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Abstract

noise points and acquisition errors in the point cloud model of the key components of the train acquired by 3D laser scanning

An efficient point cloud small-scale noise filtering and smoothing algorithm is proposed to address the issues of

equipment. First, a K-D tree was used to construct the geometric relationship between points, set the center point, and
query the neighborhood information using the K nearest neighbor algorithm. Then, it was assumed that there was a linear
relationship between the input point cloud and the filtered output point cloud. Finally, the linear parameters were
determined by solving the cost function’s minimum value, and the smoothed point cloud model was obtained. To adjust
the linear model’s parameters dynamically, the weight was adaptively adjusted based on the ratio of the Euclidean distance
variance of the point and its K nearest neighbor to the overall Euclidean distance variance during the construction of the cost
function. The experimental results reveal that the proposed algorithm can quickly correct small-scale noise, smooth the
boundary contour, improve the quality, and thereby lay the groundwork for future tasks such as point cloud recognition and

reconstruction.

Key words

1 51 5

ILTE B3 A PR R X B A AT 2 A R AR T
PR B0 2 G B G I U R R AT G A
P H AT 5 A OGS AR A I Oy vk R A
TAGIN I X M7 S T G R O ELSCRAK N RER
FACE B R A AR AT R I A A A A R A
BBz i BE O R TE kT A sk 5 5 2

image processing; point cloud; denoise; train key component; adaptive weighted guided filtering

W, =4 m A HE BRI AAEEREFEERNA S
HEAT 2 A PR DN B B B S . AR, 9B
SR 1 9 27 5 i A A i i a2 3 A A MR P R L R
FERY 45 ) L, 32 )" S ) 2 U L A 55 RS
JEE TR 7 S L HEAT 25 W 3 AL B MR g ]
DA R W 1) R RUBE M 75 B0 4 R = B 1Y
SRR BUD R R AR AR UE D SE T DR A O S
AT Bk 5 2) /N ROBE MR HIRE ST 3 PR A 2 B A 3 R

RSB HEE. 2022-07-04; f&EHHE. 2022-08-05; RA B 2022-09-05; MEHEZBH: 2022-09-15

EE&WH: EXRARBEEGERG/EDH (61960206010)
BIS1E#E : jinlong lee@126.com

1410011-1


https://dx.doi.org/10.3788/LOP221987
mailto:E-mail:jinlong_lee@126.com
mailto:E-mail:jinlong_lee@126.com

A AR B G RAY I R 22 B R £ X el s T S
TR SR Gy Fr A0 T DL E S R OE A A Bk B
HFWHEW
AR 2 R R T/ R M 7S b 3
FEF BRI U T —— R g B R RS
IR A PG S 1) A M R R i B SCRRL 12 DR LT
B BRI R A B BORNR LS B A s G
UE % B (BF ), FEAS AU J2 0 A 2 BT 119 M 75 4
WA Ik 1) B 7 [ RS sl AT R A 8 i RE A KT
AT B A7 AE B P S A SCRR[ 13 148 3 F 32
G353 BTV AR BLE2 0 % B3 R FH > T a5 08 3 4 K
SE SUIMAL R AL A ZER S A A B2 EE R AEH
FEBRREM NG S o T T RGN S = LR
e R AT PR (X AR B0 T R A R R IE NV T
R E SR E RN E RS S RN R
(MLS) 5% A sy S e A $5% (LOP) Bk o SCRik [ 15148
A MLS % SCHR [ 16 ] T 4h BHE 7, 2 M2 7 [a] 5T, MILS 3
AR b M 7S S B B AL T AP 1 L DA ok R m L A
PR K, NBER AL B B . SCRR[ 17 R T
LOP [ HAE ARAE 8525 50 A7 AN 35 53 o Jm 358 d5 16 1) 45 5 At
[ JC S, MLS A LOP 3 A K& FH T 4b 3152 Prof 4
B 81 G SRR R T s B A . SR (18] 78 5] 3 IR U
PSR R = 5 IR (GF) 5 A o X g
VA ORI R PR IR T R 2 e e B R R
% S =5 FUEPEE X R = R A FE R S
BRBEFL AT IR AT, BB A % G % B
DX 8 AT , S 4 X3 Sk i R OE
FE T, A S R A B Bk R b 9 B R 4 1 81 2
KT S = R B — S = A S A S|
W (AWGE) 3L . 5% 08 = 5] SR AE AT,
JIT & BRI Ry a5 2 v il SRR b R Y DX b T 3H XA
B B AR B TR IR T R A 2 Y O 1 R R
5T KA B IEACEE o DRI T AGE i H AR 5 AR N
WK EG I 2 5 22 19 - S84 K/ 45 32 AR I, = A [ 114 A
R [ 3 U O S S, U A A R,
T ) % iy 1 A s A SRR 25 SR SR BT I R SR A T
26 WL 052 MG UE I 5 5 | 5 08 B B B i
F1, e R A E A b 5 SR AR A s R

2 AT

2.1 E=BERMNGISIEERE

R S A T | T i ik A AR g R T
R BRI RN G R D G A E T
BRI S BT 8 2 AR e AR R B
PR 1R .
2.2 HINKRMEBERDBHAEETRK

SR SR AR W A A GBI AR AR B R Y R L A AT
ABE), G AZ RN A IME B X Hf 17
WM E R M, A SE 56 2K F K-dimensional tree (K-D

£ 605F 148/2023 F£7 B/BAEXBEFZHE

| input point cloud |

I

| read point cloud data |

|

constructing topological relationships using
K-D tree strategy

}

determine the set of centroids and their
neighboring points

!

set modulation parameters and calculate
edge-aware weights

!

calculating linear model parameters |

.

| linear transformation |

'

| output the guided point cloud |

E1 iz B SRS S U8k

Fig. 1 Point cloud adaptive weighted guided filtering
tree A 2 AHANSC R EEBIRANT 1 e AR PR A
4 00 25 B Sl ST AR SO e 7 25 (R B R B AR A S 5
5 23 TVRRAE 5 353020 SRR AR T 68 R 18y o 02 580, A
(SR VN NP TD IR 4 €I i (1 N s AR VS GO VAL
P R L AT i R IS N (1 N e VA
Xof 7 A 3 23 BRI A 1Y AT R Wk AR
73 BLEN PIrAT BRI S T s B, AT 2 R

|_
L

B2 KD A 4
Fig. 2 Diagram of K-D tree space division
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Fig. 4 Comparison of train wheel pair point clouds before and after filtering. (a) Standard point cloud; (b) after applying Gaussian noise;

(c) bilateral filtering; (d) guided filtering; (e) adaptive weighted guided filtering
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Fig. 5 Comparison of train bogie point clouds before and after filtering. (a) Standard point cloud; (b) after applying Gaussian noise;

(c) bilateral filtering; (d) guided filtering; (e) adaptive weighted guided filtering
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Table 1 Train wheel pair point cloud filtering results

Train wheel pair ~ Time /ms D ox D e D
Gaussian noise 92.69 16. 70 10. 50
BF 1419. 20 59.28 10.75 6.78

GF 560. 48 56.45 10. 62 6.28
AWGF 715.10 56.79 10. 39 6.14
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Table 3 Number of point clouds of train components

Train key component Number of points
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Table 2 Train bogie point cloud filtering results

Train bogie Time /ms D Do D
Gaussian noise 91.10 14. 70 10. 09
BF 35081. 10 84.33 9.70 6.28

GF 15886. 60 56. 11 9.62 5. 90

AWGF 16072. 50 55.10 9.29 5.74
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Fig. 6 Comparison of train component 1. (a) Original point cloud; (b) bilateral filtering; (¢c) guided filtering; (d) adaptive weighted

guided filtering
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Fig. 7 Comparison of train component 2. (a) Original point cloud; (b) bilateral filtering; (c) guided filtering; (d) adaptive weighted guided filtering
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Fig. 8 Comparison of train component 3. (a) Original point cloud; (b) bilateral filtering; (c) guided filtering; (d) adaptive weighted guided filtering
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Fig. 9 Comparison of train component 4. (a) Original point cloud; (b) bilateral filtering; (c) guided filtering; (d) adaptive weighted guided filtering

1410011-6



F605FE 148/2023 F£7 B/BAEXBEFZHE

10 BUAFRAE S35 L& (a) il sl 2o 5 (D) B UE R ; (o) 51 U8 5 (d) [ 35 AL 5 | 5 8 %
Fig. 10 Comparison of train component 5. (a) Original point cloud; (b) bilateral filtering; (c¢) guided filtering; (d) adaptive weighted
guided filtering
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Fig. 11 Comparison of train component 6. (a) Original point cloud; (b) bilateral filtering; (c¢) guided filtering; (d) adaptive weighted

guided filtering
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Table 4 Comparison of filtering time for different number of point cloud components unit: ms
Train component 1 2 3 4 5 6
BF 10086. 2 15451.8 24106. 4 32991.5 43347.6 78469.9
GF 4274. 4 6579.5 10225. 4 16610. 5 19983. 2 36216.9
AWGF 4376.1 6803. 4 10667.7 17129.0 20345.7 37077.5
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