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Integrating strict threshold triangular irregular networks and

curved fitting based on total least squares for filtering method

Liu Zhiqing, Li Pengcheng, Guo Haitao, Zhang Baoming, Ding Lei, Zhao Chuan, Zhang Xuguang
(Institute of Geospatial Information, Information Engineering University, Zhengzhou 450052, China)

Abstract: Airborne LiDAR point cloud data filtering is the most important step in the workflow of
LiDAR data postprocessing. Based on the characteristics of Triangular Irregular Networks (TIN) and
curved fitting filtering methods, a "from rough to fine" idea was proposed for LiDAR point cloud data
filtering. In this method, strict threshold TIN was used for "rough classification" with a priority of type II
error and more reliable initial ground points were obtained, then the seed points were selected with the
priori information which was "rough classification" result, next Total Least Squares (TLS) algorithm was
introduced to fit block terrain, and self-adaption threshold was set to deal with different area more
flexibly, ultimately more refined region model was obtained. ISPRS test data and Niagara data were used
for experiments, and classic filtering method and traditional curved fitting filtering method were selected
for comparison. Experimental results prove that, the proposed method is practical as the filtering results
are more reliable than traditional moving curved fitting filtering method, and has strong adaptability to
various terrains.
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Fig.2 Parameters illustration in TIN algorithm

P T = A 0 3005 R I 20 iy 3t i e 2 A Oy i
T T 4005 S92 O A 8 o i, 0 i T A )RS R
J5 SENE PR FE S AR T, PRIk = A I B3 v A S 2ot
R rp R DA I 2R R 22 /N H AR . O 1 SE BT 2R 4R 22
DLSE i F, X T A 2 (0 R R S i
L3S D N DN U R4 S AOE | B AT S v 4 1S
I 2RER 22 W f 5 Sl A e A VA =, B (MU
5 R G RO B B PR ARG, BRI E L d<

dnex=0.5m ,max (.. 7)<0nm=3°“6]o

3 ETERESNFBHESE

S LA (PSR Dy MV AU N DY |
Iy GE TR FER | Bl B R SEAS Ueir b R o 2 R
PEATRE AN 4> JSAb B, HOG S AL PR AL 45 D 1 a5 R B L
AR S5e /N e SR A il T A R 3 ] (R
3.1 FhF kR

X SRR X EAT A B, SEEX BN T AN
P A B A R Bl S AT T 00 o SRSk
S S DA A 2 3 R B ™ B R B AR R 4

F o AR 1Y) SE 1015 B R % I AN e A I AR5 oy
Tt o5 ME SR DT 348 8 B S IR P SR 1
A A R R . BAR T

(1) BEVAE ORSE, —BOA i R~ K F
5m, F I E 5x5 BE 0 R SF 766 10 18R
S5 AV (AR 25 b THT S5 A Ry o 05

(2) TEAHAB 3x3 AN [RIAE RST 1 1 P9 A 43 531 48
FH i A AL R 43 28 b T A, 2248 B A XS
T TAHGR AR AL BE AR UE ST 0 RSE (52 48k

(3) WHAE R 9 A% 1 N 35 g AR U A2 4% 14
(AN 5, I HEAT B LS

(4) HTCIHEAIUE O AT 1Y REAR IR 7 5, Witk
DX B X3 ] BB Ao T M T P R b AR IO BT R A
DX e N 43 AT AN I8 5] 50 Jis 82 400G T TERG B T 4k
SEHIR P 1 RCFE 2 9 A48 Y BeiR IR+ R 1k
32 RES|NZREEMNEHE

1 3x3 N N R o N E R AR AL, A X
SO A O R O A E R, DL Rk £
T e Oy R RS, WA () R

2 2 a

21 1 Xvx xw v, |
Z| 1% %X, XY, |a o

: _: N Do s

Zn 2 2 as

1 X, Y X, XY, Y ‘

b Ag

A N

x

K. (X, Y, Z)A S = n 1 3 QL ARAR A, (ar, a2, a3, a4,
as,a0) N IR Z W R ARk S8, k20
ity i 7 PR T BEOR AR 6 AN FESR R B, A D) A
B R T ZEMM AL, N T 15 2 B S HUE , 7T LIR
JH #5c /N —.3f¢ (Least Squares, LS) ) J5 i , @ 57 22 ML 1Y
- SR B R A(G-M AN AT S BOR R, DL
I G-M F A A 4 2 A5 5728 = I A 3% 58 A i
1, BEMLE 25 U AE T UL 1) 5 b o, BV E A bR
HE R A Z AR IR 2215 Y 7, SR A (1) A8 it 4R
W A rh ) a2 08 A B e 0 A 52 B il sk A v 3
fEfER 22, NIz IE ARG, R T [R5 &Py
TR 25, 7 22 i A B A, SCrh | AR i
/N BR(TLS) Jr ke B, AFFERI, TLS J5 i v A
A5 H & 1% 2% (Brror In Variables, EIV)# R | gE% 1R
B i, e 2R i A AR T I BT 158 22 T 5 i 174 (1] st 11

0406003-3



oGk T

% 4 2

www.irla.cn

% 45 %

FRILEEA R ), R IRE A 85— 3 A (2 [ 2
), AT BAEIE 2 AR A TLS J7ikxt A i firf
JCRMIEATUOENIRAHE, Kk, 7l LS 55 TLS 45
A% A SR P AR 2 R T R AT B I, X
E M FOCE I AMEBIE, ENEA R/ RS Bk
/N3 (LS-TLS) J iR & S8, 1 Se i ar EIV
A

(A-E))x=b—e

& vl I~U0 ] 00§ o) ]
K .e fil E, i BIRERAFAE b AT A I REHL IR 225
R s vec b B 51 ) B AL 5 T seu $6 4% Ey F O R &
165 0. Fl Q4 535 nxn 4EFT 6nx6n 4 1) 5L R
ANRD)AF, BZEUERE A e R, W R & b e R,
SH x e R™XF A R x JE47 50k .

A=[A,, A] A e R A,e R

(2)

m,

3)

x1

T T m;x1 m,
x=[x, ,x,1",x;eR ,x€R
A A R EEICERY s m=1 A EE TR I s m,=5
X B xo=(az, as, as,as,a,)" . LS=TLS & L H b5 bR
BN R FEad, B

minll[A,, b]~[As, b]ll, (4)
. A A nx(m,+1) N .
A, [A,,b] eR o LS—TLS [ nz i & T =X .
Ax=A1x1+A2x2=l; (5)

AH I 1 2 IE Bcin s 2 6) s, SR Ja X A, kAT
OR 5318 ¥ Q LT T HE T 4 (A, b1 B A K(T)

[AA,, Ab]=[A,,b]-[A,,b] (6)
A a o] R R Ru ;
oA A, _lo RQRJ @

x1

KX RieR R E=MMEW RyeR ,RyeR

RneR RyeR HA m=1,m=5,
# i SVD2 KR 7 FE(8) 1T 15 Fllx,
RopXs=~ Ry (8)
SR LS 77 A 7 B (9) AT SR Al
Rux,=Ry~R X, 9)

3.3 BEENHEIEE

it TLS J7 ik 8 X S B 5 5, KB
BEASBOCI S AR AR OS5 X LG R, T
WS s RERBES PG SREN & ZEH, A

1R 28 KT — i BE, AR IC 2 R T A5 A5 0
O LA A, B TR A SR

0.5.M % <0.5
AH, threshold= (1 O)
[ VPV VIPV_ s
n—t n—t

A AILIE B S EABG M N R AU
WREREE NV VPVin—t il T4 IS 04 B A b i
#5, WI7E TLS 3 i m 4l A o B h b 5k A o B A
2N U B X R 4O 2 SR T A R
F SR TE | 0 12 15 8 T A T A 1 s 2 B AL, H R
TR BRI 5 D T 2RARR R I 2 AL R
TR U6 X By B B S O | R 22 B N 1%
BRI RS LU RR LT | FRAIR T 2845185 i,
Ve M AT A BANEAL PR 2245 S A I B

FEEALTATIRZEN/ VTP V1) —0, | M/ V'PVi(n—1)
=0, Bl AH a0, 3 FE 23 8 W1 B2 U8 I, (1 2845
TRFEIE TN s 30 H 5 (04 M ) A 05 0 R T BT 0.5 m,
B I 4 MAN/VPVI(n—1) < 0.5 B, AHupeaod BUE R 0.5,

[, DUHLAY 2819 25 oM e 0 5 B % B AR
THB I 43 28 A b THT At 1) B0 R 0 AT A8 A A 1 (1
W, XoF 432 03] Sy = b T A5 000 D 2R A R R A
Xof i b T s R AT T M ORRAE R 5, X AR AR
T S R AT I MU A 3,

4 IEEELR

4.1 EIE—

Sk %k SC BV DR RS B R AT O S IE R
ISPRS & i (1 DU 3 B0 4 1 A7 52 36 1200 I SR BRUDE U 5
VRRGE T I VR N UE I R AT A Y, B
T D3 IR TR X 17 4 A SR DX AT BLAR T
AL < AL e 78 15 W M S 9 O M (Sample 21) K Fr
B 98 B g (0 X BE (Sample 41) . £ A 8% Y R bR
(Sample 51) A W Z4 b X (Sample 53), & 3 4 4 4>
T DX 4z HE s e i G 1 L 4 o = B

I 8 B ( TIN 8 U 359 A5 200 40 R 45 5L, n
Bl 4 7R, P4 2eas B 1 2R 22, X e ol 7F
I 288 22 P e Y SR TS 8 2% 1 &R 40 b a7 A, 10 28 5%
22K WL 5 SR R HUA 2K

FEGIAT TLS kG XY, 5 LS i

0406003 -4



ISk TR

www.irla.cn % 45

@), Sample 21
\\ -

[ ]

Fig.3 Original point cloud data of ISPRS typical test areas
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Tab.1 Comparison of filtering result in ISPRS test areas (total error rata)

, AT LASRAG Al

Sample No. Elmgqyvist Sohn Axelsson Pfeifer Brovelli Roggero Wack Sithole Shen P;:;E(S)Zd
11 22.40% 20.49% 10.76 % 17.35% 36.96% 20.80% 24.02% 23.25% 6.34% 8.54%
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24 13.83% 13.33% 4.42% 8.64% 36.06% 23.25% 11.53% 25.28% 6.24% 5.03%
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61 35.87% 2.99% 2.08% 6.91% 21.68% 18.99% 13.47% 21.63% 4.82% 2.02%
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