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Noise Removal of Multi-Window Top-Hat Transformation from
Airborne Laser Point Cloud
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Abstract Airborne laser radar (LiDAR) system can directly and effectively obtain three-dimensional point cloud
information of ground features, to provide powerful data guarantee for the generation of digital elevation model,
building detection and three-dimensional reconstruction. However, the original point cloud data will inevitably
produce noise points. A method of noise removal for airborne LiDAR point cloud based on the multi-window top-hat
transformation is proposed. The grid interpolation is performed on the point cloud according to the interval of point
cloud to obtain the maximum and minimum grid data, respectively. The grid data is clustered, and the original
noise areas are detected by setting the area size threshold. The maximum and minimum grids are processed using
the white and black top-hat transformation theory respectively to detect the final grid area where noise points are
located. The method is compared and analyzed with other methods based on the ISPRS data. The results show that
the proposed method can remove the noise points, and completely preserve the details of the original point cloud.
Key words remote sensing; noise removal; airborne light radar; cluster; top-hat transformation
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Fig. 1 Gridding of three-dimensional laser point cloud. (a) Raw laser point cloud; (b) grid data interpolated from point cloud
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Fig. 2 Detection of original noise areas. (a) Cluster areas of grid data; (b) original noise area
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Fig. 3 Process of top-hat transform. (a) Gray scale cross-section of image; (b) result of white top-hat transform;

(c) result of black top-hat transform

30 3 590 6F Fie ORI B /1N I A B30 AT R AT Ak B 5
G v AT R DA L T S o e M R R R
T 5] 7255 J80 X6} F5 KA 0 46 5 4% 147 A B, 15 — 58 1Y
7, 15 3 R A RS S AR L TIUE AR e . )
b TEFEAT 1 TOUNE 25 48 22 BT, 75 22X B KAE P A% 5215
HEATHIZE T 0, LATH BRI A 1 5 ) L is S ol
Wi [0(g e )1 =8 enee — YV [0(gn)] s (6)
K g MR RAE M AR . h (6) U8 & e
e KA A% A4 0] 32 B 10 (1 TOUIE A 40 (L SR )5 13
BAEL T, PR3 S o M 7 e ST T DA S T IO A DAY 11 8
L EAT A B 0 SR I P SO A s R S A T
BEERZ BRTEUE T TZ S N w s A,
FE BRI R 2 AR M 75 A B, 1) 8 TR 5 45 Xof
e R/ IME AR AR UEAT AL B TR R b I B — 2 A T
[T, 45 31 2 A2 i /M AR S AR SR TOUIE AR S, 53 41,
FEHEAT PR TR AR 46 2 117, i B0} fe/IME S 2 AR 2R 1T
FHEEE 7, LI BR S e s e, s Bt Ry
B [7(€e ) 1=0 [7(geni )] — e » (D
A g A R /MBS AR, B (7)) AT
Tt e /INEL A% S AR TT 32 55 )5 1 PR TOUIE A% 46 f L SR 5
BB B T TR A M 75 T A6 0 A, X 1) A%
N IO S R AT AR B SR AR PR T P 32 B 4G

REFOCRBEBEZZRTBIE T, . MHZHEOL
SRR IR

L5 WP Y 25 R AR AR X B 7 T TV A2 46 1Y
ZYEHOC R R KR TR BE T 0 W XW I
PR ST M T o W EH RN H B
DR A 5% 7R ST 7 ] L o 5/ 7 1
PEFT AL A 25 B, — MEBC B D 5 <55 T X T A AR
P BT E AR O B AT R, — ML
15X 15, A3 i 2 % 1 T00E A8 6% 48 5o S =
PO KOt R A7 I A DX R I ., T R E
MRE R W R 5 78 0~W,, i [l A 28 % A [7]
AR 7 115X IR0 s 500 2 47 T 722 45 b L, AT X5 A ]
FRUT 8 W P DXl A7 A A% ARG U 5 e 2 A DU A T A
W P A% DX, 53 A R X T THT DX R Mg R R A —
Je AT B B e R AL, B DA 7 G ) MR PR R ) B
fo& . o0 T 5 M 1) B L A0 AR R AT X ) A] DL ik
TeCE R B (R AR DI MR A . B 4 () MR IR R
PR 368 DO A% o1 1T L, R AN () 2 % T 2 8
PEAT A PR 368 o 5 e A L T DL A
W7 LI 4 Ch) T Ty 5 26 20 19 £ B T LA
MR B 5 T LS e A T T S T A 48 A i
1 I ELAG ) 1 AP e e A IAT 4 (o)

30
261
221
181
141
10 ¢
6,
2

©

B~

30r 30
6@ oo
22[ o ol log 22
. 18] .18
14 ............ loce660e, 0060600 14
10} 10
6f 6
2f 2t
04é1'2)(16202'428 0 4

8 12 16 20 24 28
X

0 4 8 12 16 20 24 28
X

P4 3 T00E AR o 1 e 2 R 7R XS AG I o Ca) S0 4 2 T A% 51 T T
(b)) 4 T P TOUME A4 48 119 g PR P A 00 25 3R 5 (o) o 7 2R T 4 46 ) 0K M8 P ARG 0 45 2R

Fig. 4 Detection of final noise areas based on top-hat transform. (a) Cross-section of the grid of raw point cloud;

(b) detection of high noise based on white top-hat transform; (c) detection of low noise based on black top-hat transform
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Fig. 5 Point cloud interval of flight and scanning direction in middle and lateral areas for Strip 9 in Vaihingen. (a) Point cloud

interval of scanning direction in middle areas; (b) point cloud interval of flight direction in middle areas; (c¢) point cloud

interval of scanning direction in lateral areas; (d) point cloud interval of flight direction in lateral areas
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Fig. 7 Comparison and analysis of experimental results for Strip 9 in Vaihingen and Strip 5 in Toronto. (a) Raw point cloud

of Strip 9; (b) denoising result of Srtip 9 using distance-based method; (c¢) denoising result of Srtip 9 using

statistical-based method; (d) denoising result of Srtip 9 using proposed method; (e) raw point cloud of Strip 5;

(f) denoising result of Srtip 5 using distance-based method; (g) denoising result of Srtip 5 using statistical-based

method; (h) denoising result of Srtip 5 using proposed method
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THT — — — — 15 5.0 3.0 130.6
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