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Method of the point clouds filtering by grid handling and
its application in the deformation monitoring of tunnel

WANG Tao', TIAN Linya', HOU Jianmei' , ZHAO Xu’, ZHANG Yang’
(1. School of Earth Science and Engineering, Hohai University, Nanjing 211100, China;
2. China Design Group Co. , Ltd. , Nanjing 210014, China;
3. Suzhou Geological Engineering Investigation Institute, Suzhou 215129, China)

Abstract; The 3D laser scanning technology was applied to the deformation monitoring of subway tunnel, and for
the pre-processing problem of point cloud data, a method of the point clouds filtering with grid handling was studied
based on the wavelet analysis. Combining with the scanned point cloud data and its characteristics of Nanjing
subway tunnel, this paper analyzed and selected a rational interpolation method to implement the grid processing of
the cloud point data. The wavelet transform was used to detect the abnormal values of grid data, and the whole grid
data was processed with the threshold de-noising method of wavelet. At last, this study packaged and compared the
filtered point cloud data, indicating a very good filtering effect.

Key words: subway tunnel; point cloud grid transformation; point cloud filtering; Kriging interpolation; wavelet

analysis

ULAFSR , o SR T A SC AR 2 TP &R, T T E] 2020 4, Sz AR 6000 km, H 2015 4FHE
T182.56% ", kg T ARESR T MUK TGS B e 4, AR R T T Ak 0 AT 6k R R A X I
FAL 50 Wl J5 A7 AE W RCRAIG DL B AN BE AR Bk A 4= 7 T A8 T A5 PR 28 — S0 Rl R 7 1 b Bk big
T8 W AR H RIS B HGE B BRI AT /N X WK B R, SRR R AR 2 AR F B R s
DRI SR | 2 ARG AR R R A RE A, SEBR FHASCR 22, WaDRS BEAIR , 75 Bk 4R B = e OB HOR 1 1
FREEE b4 B S R U I RS B o0 . H AT, s 2 8 gk 7 i F AR A 2R AL R i
N TR FE TR E T T RO Bk BIAIESEDT ST A R M s KRR a2 B

EE&TE . THAPI RIS STBRAIHTT I H (KYCX17_0506 ) ; VLH4 A7 4 R RHIF I H (2016-KY-03)

EBE . EW#(1992—) , 5 B A FENF M B =B O CH AN T . E-mail : hkingt121@ 163. com

BIS1EE . I, #83%, E-mail:lytian3609@ sina. com

SIS ¥, AR, g, 45, s s AU i M HAERRTE AT A g 2 ) ] R 2R (A SRFIERR) 2018 ,46(5) :451-457.
WANG Tao, TIAN Linya, HOU Jianmei, et al. Method of the point clouds filtering by grid handling and its application in the
deformation monitoring of tunnel[ J]. Journal of Hohai University( Natural Sciences) ,2018,46(5) :451-457.



452 R NEIE - SN S 46 15

X LEYE P TT IR RO A BB i OUE BT 2B LT 20 2 Bl — R X AT i A TR, O —
TSR B A TR AL SR RS AL 1 s A TR FUHI, 5 R AL e O il ) s R b 2
A ROT 3, A SCRE R IE 5 25 BRI AE BRAE S 55 2= DB A 6

NPT BT BAT UG S B ISR B 22 53 AR RE T, A — 2N ) P 5 R — 4 P21 45 Ak S4BT P R BB T AR B
(4 LA 210 B3 AR T o b R T A1 3 = R, B o — T 14 R s B T s, DABRGE S S Ak
D FER RE /N BT I T BRI A BB B AL B

1 R=tEmE

SHAEFO R BOR T LIS B B AR R T A AL E AR X SR B R % R B B = e RS
WAz M BAWTNRE: (a) SLAAE, S S5 BT A SR s A5 0 = 4R A AR (X, Y, Z) (U R s B A5 B
AR ASRIK BT R R R BOE S s (b) Bl 8K, i 58 = 4RO 8 SOR R BHOE R, — s 4T
WEULT I EULA T R a8 ; (o) R ARG 2B 0 SR RAE B (f/NE 1 mm) | o] U35
HEEAE S

T B 2 P AR PO DU A TR A 1) ek R S s 2 S TR AT e R DAY 4] 199 310 Y5 R AR ), T LoH D9 4
G N R YA A R AR R S AR SR BO N 10 5 S DI BRI AR P (L, 43 P 85 94
J7 AT AU BE B AR (1 o AR AR (L1 /NI RAAG B0 (B AR A s A (L = AR B o {7 L 22 i ]
VRS . 20 IR ER 1 UG A5 2 R B AR Y, AN REXS 50 2 B AT VR A 20 s — il okl
SRR X0 43 A A 1 DR A, TR s 6 ) S DX s T B 2 T A P4 1 T 5 5 &R 30T T T R
ST B 243 2 0 53 A BRI U ) B S R, B X HICRL AR 2 A AR RO B 22 . DRt , 2000 Il Ik | = A il ik |
B AT R R AR ANIE ] T o BRBRE 1 25 (A% RIARAR B, 2535 PRAN Y 41 HAL 3 A {EDT 1%

a. vu HUARIRI(E . . AR JEUBIR A AR 22 pR R, AR AR A 25 00 R AR A2 B i 7 1) DX sl P 2 g PN
FoRW ) Az i, AR AU RERIA IR BE (B SRR AE , B0 1 IR ARAE I 1 DL . ow HEAS R {2k 2 — Fif
B3 2 BIARHE DT 5 A AR AR 3 38 T 28 s O i Bt , 2R A5 1 RIS AU RS BE e v

b. AU BE BRI . PP mTN A BRI E S B AR B — R B S = R E— 8 P R
AL Fhy JFC o T R 14 i P (L A SRR LR I, B R/ e R i, P45 o0 T A ) ) B 8 R
— e P RIS n YT BRI, 1207 15 00 RUEAEUR A W EC A2 20 A0 30 DX OO L ) 2 ), ELRE
Wi B RN SRR B IR L, AR (A R AR AR (R A2 B AR RO W)™ 5 AR (L5 R rh A A L r B
(i T o T S PR RS A R

c. fR/NARIE (Y %055 00 2EA il i 2 UGEART HE SR IBURS I A RO, AR5 A 3 (L T FL A e
N BRI A R A 20T R R RS 2 5 RS AL, 5 BIE 5 T 0 A AN 2 A B Bt e
PR EAE AR, 7 2 A T A R e B TR S, (H A BEARAT G ) O 4 {45

A% LA — bR S 07 i e A e A KT R R R R DB 2 T T A T A T
XoF A,z B R R A A T 06 I T a5 2 B A D 2 T AT Y (B AR AR T A AR 22, AN R 5
B BERUANTR] 3t 13 5 25 B J7 AN TR] A% WAL 7 125 ) 22 53 3 18 U8 PSCRAFAEAR R

2 BEF/NESTH R =&ML
2.1 /INESDHIER
SN AT A T B R S NI AR /N A B A S i i — B BN L pR B B e AT LA R

AR PR ECS /N RS PR B BR K L2 (R) SRS 1] B RS (o) R/ NERE BRI o (0) T RETT R bR
B o) /N AR, A

Wam) = (0,0, (0) = Z[ A0 [T a (1
A o T - PRI T

ANBETI T LA IR K 22 0 R e (A R B e U B T ARG RO R . AR/ 2 2 B R
C I L Ry T R ST TN e A B S RS AW ERe Il o < B FR QT X7/ SR K 1 f ]



555 9 T W%, R E M RAUE R ik S AERR A W i 0 453

1R B S B A A5 B8 S 2% Fof e 7 5 [ ) AN TE 5788 30 g mT IS 5 A 7 S R
2.2 AEBRMUEIRRSE

BT /INE AT I8 a5 2 A I A S AR REARL . SE e 58 AR R 5 A 0 5 2 AT A AR B, R A5 I
PR3 K, AR UK WAL 3 2 s AT /N AT R /NI B 2 R AT AR AR AR IR DR i = . BARAE
PRUNE

a. BEPHRAN, = 4E S AR A A XY 1 N T RS DR R R E A R XY CF
AN BV AE (X s X ) (Yo Yo) S SR BIFE X XY ST X (B Y) T o) AR RR m Y (ER X)) J7 [ LATE]
B, MR AT EID mxcn A FRITAR | BATTAR (1 R/ MRS DX R = IR 5, BEERICA I KO g g, UL
JUAR R/ U R 23R

X = X Yoo = Yo

gX — max mi gY — max - (2)

IrBR R 2 RS Z R AN Y, 2 R CR , B R/ N e s i, Se P i AR i
s RS ] B 5 BRI WA ] B R/

b. A&, PEFEGIE AR (DT 5 4% I E B0 19 0 RN AL, 4 AL R R AR 22, AN [ 4
(AT BRI R RS AN R, 3 5 DR A R A AN ), A SORE S5 5 ML BR IR T8 5 = s R4 7 70
i, IAHEL LT BOMS AL AR (B CR

c. PEHCEE , RIS 3 MR BB A2 0T X J7 1) N Y 5 1) MU R A4 I 5 B (e

do /NS LRI R/ N R (25 . 8 ST XA I a5 2 A S R (LRI S B 5 o, SRS R AT /N i
BI{E LM, AT K05 RV BUEF 51, F AR L S907 MR 22 P AR o KR A R A 0 A . /NI
FME— ] BT AR W T vk RO IRANE « (a) NP, 6 R — 1S5 14 /1N 3 R BOR 2 BRI /N I8
OME N SRR PSR /N 5 (b) R R RO (R AL, X 20 figk i 25 IUBE A e B8 | 206436 3 119
B & HEATALBE, BT /N T & B/INB R KOsl s O T e L & 9/ 28 80 B {4 4 ) 74
BTIUEL; (o) ANBCEER K50 I 25 TR ARG o M 22 B (EL AR PR A g W00 o AT /NI - () BUfELP 3100
AR, RIS A REL R B HEA T 00A% WA AL B, BRAT AR5 1) i = K

3 RXESHMH

3.1 RIGEE

X R Bk 2 B AR B AT WA, SR FARO Focus 3D M ] = 4500 3 A H bk 50 =14 i s
976000 ri/s, MEAGE A £2 mm (25 m DANINAR ) | 434570 Bl /K7 J5 1m) 360°, %6 B 5 ) 305°, % iE 434
FR) — A S ) R o512 AT , P T I000 DX L 2600 s ] AR, SR FH 17 35 T DRt s ) o, %) T 7 o0 4 v T e
KGR A RCHE S ARAT T MR I8 i = B an il 1 B,

RS

(a) fiaL (b) IEH
B1 hHBEI=YE

Fig.1 Point cloud data of subway tunnel

3.2 BMLIRIE
R T AN EERE 22 5 38 M T BEIE 25 2 A [R) A% Ak ik PR 38R | a6 B 2 ) H At AR B AN AR
AN AR SR 5 1, SR LS BT i . 8 T B b A T30 AR SO T 38 = (| 2) , I’ 2(b)



454 TR F M (B RE R o546

R BETEAFAETF5 S B BT A 1) A PN B (T A, 3 T R
SIREIR 5 s = A RN BT T R HORS B, 75 S BRI BR s 55 .

6 I AR ) 25— 20 I A A B AR B RN o A AU 1
XY B BE 02 (-4.324 0 m, 1.422 9 m)
(10.5393m,17. 083 1 m) , %5 & R4S [ £k J5 s 1 119 L (AR s S5 A1)
PRANAS M RO KRR 88 x 100, 5 — A 43 I I A S B B 4
v AR (A 1% | Fe /I SR 4 (B 7 A A% A0 38R i AT R
Mo 2T OpenGL A FE R VC++H 4S5 T LA L 3 Rk
A5 2 A AL SRR T A% AL AL BRZE AN K] 3 ~ 5 s

FHE 3 ~5 AT, b8 A6 5 JE A O 4 T % 38 19 J5 4R RR1E
3 P (E T AR AE B I 25 5 g/ 1 S5 4 {3 ol 5 S B A
i/, RS R S5 0 AT, AR AR (R 25 R4 R S, (R AT (45 SR 25 5 B 5 S B I 10 AN A 1) D 34
PG, IR B4 (RN 58 B AR AR (A 25 SR 25 00 R K, PO 1 REAR g My SR B (A b 340 Jmy 3R A1, (R SIS B
BT EI G S i T PR, X PR A IS A 1 0 B 5 I LR, e AR R (A S R R T Ay 28 1, Bk
B AP AU PR B A (B R e RS AR (B I AR AR AR T ARAF ISR, v BUASHR (B I 25 S 0T
3.3 WL

TEREAE A0 AR A %) o B A A {0 1 FH T R s =A% A, S 7 O 8 G A S 3/ N A A b 3 AR S ik
B R 20x30, v BRI EAE R AN 6 Fion , SR T T 6 AT IS SARE (X, Y, Z2) , WK 1,

(a) IR K (OF-ESH

B2 HE==HE
Fig.2 The intercepted data of point cloud

B3 mEREEER B4 MNRESRBEER

Fig.3 Result of the Kriging interpolation Fig.4 Result of the weighted inverse distance interpolation

B5 mIMHEFHEER Ee6 ZEEENULER
Fig.5 Result of the minimum curvature interpolation Fig. 6 Result of the Kriging grid transformation

3.4 BRI =/NERE

TERRAE IR0 5 10 A% o5 7 (BRI A T 5 0 (DN RN B 2 1 SE R AT S i B, i s UG
) —BUEE RS 21 EBRIT S 10 Ab3E IS (Eoh 2. 436 8., & 7 (a) RTINS S 9 EE P51,
TeEHN WS 7 e R AETE S B A e W AE AL A P 91 o il R AR 43 (&L 7 (b)) Rl 3t 43 ( 18 7
() ), MR /NIl S5 8 (L T S, AR A 0 v 0 4 i v ) P E 3 B Ry S s o o AT 7 () W T
DVE G STEFS 10 Ab5 ARG , AT AR R 55 2E 0 T 45 7 SR, i1l 7 (b) A i AR 3 43



555 14 T W%, R E M RAUE R ik S AERR A W i 0 455

RI TG SRR, IRUE T/ NE T TE ks A S R 00 B RE 1, 418 M%) BT A i e 91
1y 5w fEAR I
F1 MR RLERE 3

Table 1 Coordinate values of grid points m E 4 “
Z1 4) Z3 74 N]
X 0 2 4 6 8 10 12 14 16 18 20
Y=10.54  Y=10.76 Y=10.99 Y=11.22 o
PRI
-4.32  2.2486 2.2024 2.2016 2.1936 Ca) N5 A I 51
-4.02  2.3345 2.2895 2.3022 2.2964
-3.72  2.4085 2.3728 2.3888 2.3915 3
-3.42 2.4813 2.4312 2.4552 2.4610 £ 2} /_\4\_/
-3.11  2.5157 2.4821 2.4833 2.4822 N L
-2.81  2.4569 2.4504 2.4715 2.3916 102 4 6 8 10 12 14 16 18 20
-2.51 2.3659 2.3867 2.4311 2.4263 TR
-2.21 2.3133 2.3432 2.3584 2.3561 (b I 3 FIIC AT 4 ikt
-1.90  2.1948 2.2317 2.2451 2.2544 0.2
-1.60  2.0368 2.0722 2.1000 2.1285 g
-1.30  1.9513 1.9224 1.9227 1.9559 N 0{ V\/\/\/\/\/\
-1.00  1.9019 1.8669 1.8381 1.8218 02 R A
-0.69  1.8576 1.8248 1.7912 1.7692 0 2 4 6 8 10 12 14 16 18 20
-0.39 1.8235 1.7916 1.7596 1.7352 PRI
-0.09  1.7725 1.7502 1.7210 1.6914 Cc) MLRIFF Wi 1%
0.21 1.7292 1.7199 1.6857 1.6577 b B e o e
0.52  1.6948 1.6855 1.6529 1.6277 B7 ERRERN
0.82 1.6428 1.6445 1.6154 1.5838 Fig.7 Abnormal value detection using wavelet
1.12  1.7499 1.6178 1.5759 1.5435
.42  1.7313 1.7293 1.6848 1.5243
TN TEAT R M Pl 25 M | SR /N I e i £2 EBRITHEL

ARSCLESE Z1 H 24 PR 53 2008 e 80 0 B AT 934 Table 2 Evaluating index of grid points after filtering
BRI M RO 2 N, 03 B e T iomae im

AR R e/ NI AT R R ) sym3 /N EE | 6T 71 95 1256 0.2790 0.0814
MATLAB AFSEBT /7INEe B 22 M, R AR W b 30 Z4 94.7339 0.2797 0.7885
MRS W AR AT LR EE T 00T (F 2) . A %3 EEEMESSHE

BE 7 M 25 5L Rl an &l 8 (& 9 Fis Table 3 Coordinate values de-noising m

ME8(b) E 9 (b) n] LI i, £ /N 5 2= Mt 71 n n 74
E,ﬁ(ﬁ%Tﬁﬁ%(ﬁ%ﬁ%?ﬁu,¢§UT&§£Z§Q%, X Y=10.54 Y=10.76 Y=10.99 Y=11.22
22 2 TP AR IGIE T /N BUE 2 M 5OR . SRIIA  —432 2.3742 2.2472 2.2522 2. 2444
[0 77 1, X T B B A7 /N B 2 g, by —4 02 2.4164 2.3250 2.3348 2.3258
S . AN, 23,72 2.4553 2.3839 2.3966 2.3856
S WAL = S F AR AN /N B e RIS E 540 2 5027 24622 2.4793 2.4662
WS S SRR, 35 1 BURIF I ZIE NS Mg 3 311 2.4555 2.4459 2.4657 2.4547
o . 2.81  2.3717 2.3965 2.4188 2.4114
P IR i ARG AR EE 10 B, 10 56 o ) S0 2.3711 2.3974 2.3934
XFFCRT A& B A R 5 = 2/ N IEI A BR LS s —2.21 2.2084 2.3305 2.3610 2.3615
3 L B T . Z1.90  2.1388 2.2394 2.2608 2.2607
&i&:&iﬁ‘ﬁ?‘ﬁ)&%{%’Eﬁ:fj‘ﬁ{&ﬂéﬁﬁﬁo Tﬁ!ﬂﬂﬁ 1,60 2.0703 2.1222 2.1290 2.1266
MG/ NI AN S | PR A% AL AS ORISR 130 1.9785 1.9916 1.9847 1.9814
B 2 TR 2 MO S B 11 s, WL, -1.00 18796 1.8376 1.8136 1.8086
. IR N ~0.69  1.8439 1.7893 1.7621 1.7573
AL 25 /NI AT o ~0.39  1.8293 L7737 L7476 17437
. ~0.09  1.8046 1.7292 1.7000 1.696 1
4 45 5 0.21  1.7920 1.6990 1.6683 1.6646
. ‘ i 0.52  1.7681 1. 6864 1.6517 1.6196
SHEROCHIASOR BE S M H SR B0 A o.s2 1.7439 1.6849 1.6455 1.5729
b e ot b g [ L . L12 1.7329 1.6971 1.6549 1.5431
HEE SR AR S S SRR E A, N Lo e N L erra L Sis3

SrAT R I Tk SE G /N ik A TR B ]



456 WOE K R (AR RE 2 ) 46

3.0 2.5
2.5
£ £50
N N
2.0
1.5 . . . . . . . . . ) 1.5 . . : - . . . L L
0 2 4 6 8 10 12 14 16 18 20 02 4 6 8 10 12 14 16 18 20
TR A PRI
30 (a) Z1Eds)7%) (a) ZA% #1741
: 25

Z/m
[ N
= W

Z/m
- N
W [}

1.5 - : - : : - . : - ! . . . . . . . . . )
0 2 4 6 8 10 12 14 16 18 20 1'002 4 6 8 10 12 14 16 18 20
(b) Z1/Npe i 25 (b) Z4/NE IR %1%
B8 Zz1 MNEHREXRER B9 Z4 NEHREXRER
Fig.8 De-noising result of wavelet threshold on Z1 Fig.9 De-noising result of wavelet threshold on Z4
&
N
(a) JEBJE H o (b) Hel¥l
10 R R ANEIERER 11 BERZEE
Fig.10 Wavelet filtering result on Fig.11 Point cloud date after filtering

the grid-handled point cloud data

Friksm , P04 RAFRIPEOT R TR /NI A e — 2R — AR DR P ) BEIE A B AR R T4 AL 5 2 DB
TERIS ATk LA AT Al AT . AR SCE UK/ INB B B B T 8 5 DB, I ARSI w5 2 D (e 23 #r, 3k
R T A SO A AT R . (AARE AL U : (a) M5 AL R 20 oA R AL By Ak PR R - 00 Ji 2L AR5
P IO P AR e B4 5 4 A R/ INRIAR AL TT i 5 (b) AR SCALIRTE 1 XY V- T A 25 A R A, ST B iz
FH AT LIARYE T 24 5 = A8 XZ -1 (5 YZ SF-1in) 23 RIAE 2R A Y (E (20X (R OB IEER ; (o) /NIEDE
PSR JTERZ  RZZ 8 A A 0/ NBEIE OT I B T 3845 B ) 5 DR A SR

SENW:

[ 1] ShE s mPEgY. o E3 A P0E A58 & RV EB/OL]. (2016-08-03)[2017-05-30]. http://www. umt1998. com/html/
cglt/104336. html.

[ 2] 5KEEE. Hb Bk B 25 4 78 B R k2 8 22 4 | gl M D A MRS R HI LD ] BRAR R G R, 2008 (3484 7 1) 1 191-197.
(ZHANG Xiaoxing. The subway tunnel structure deformation and the subway operation safety research and application of the
automatic monitoring[ J]. Modern Tunnelling Technolgy ,2008 ( Supl) :191-197. (in Chinese) )

[ 3] X5 W . — R g B A SUB e o ik ik [J]. BURBRIEH AR, 2013 (5) :34-37,44. (LIU Shaotang, PAN
Jiechen. An expression relating the overall convergence and deformation of tunnels[ J]. Modern Tunnelling Technology, 2013
(5) :34-37 ,44. (in Chinese) )

[ 4] WPHERE, SR e, 5. S T = ZEBOCH I EOR S E S Wrm AR R E 1], A0 155 TR, 2013,
32(11):2214-2224. (XIE Xiongyao, LU Xiaozhi, TIAN Haiyang, et al. Development of a modeling method for monitoring
tunnel deformation based on terrestrial 3D laser scanning[ J]. Chinese Journal of Rock Mechanics and Engineering,2013,32

(11):2214-2224. (in Chinese) )



555 1 T E B RAUE B 5 vk I AERR TE AL W i 457

[ 5] VOSSELMAN G. Slope based filtering of laser altimetry data[ J]. IAPRS, 2000,33:935-942.

[ 6 ] KRAUS K, PFEIFER N. Determination of terrain models in wood-ed areas with airborne laser scanner data[ J]. ISPRS Journal of
Photogrammetry and Remote Sensing, 1998, 53(4) :193-203.

[ 7 ] ZHANG Keqi, CHEN Shuching, WHITMAN D, et al. A progressive morphological filter for removing nongroud measurements
from airborne LIDAR data[ J]. IEEE Transactions on Geoscience and Remote Sensing,2003,41(4) :872-882.

[ 8 ] FMEAR. =HEROCHIM A S BHRIENTTIENFE[ D], KU R, 2011,

(9] ZebS0, sRAR , 5k, FIIRSIS T AKX LiDAR 5 2 @k = g sk (1], 2224 ,2012(2) :246-251.
(ZUO Zhiquan, ZHANG Zuxun, ZHANG Jianqing. A high-quality filtering method with adaptive TIN models for urban LiDAR
points based on priori-knowledge[ J]. ActaGeodaetica et Cartographica Sinica,2012(2) ;246-251. (in Chinese) )

[10] SHAAMF, SR8, I 5, 45 6 TR 10 6 v 1 A9 2SR R ST G2 10 B s A5 A8 O iR [ 1] BO6 245 ,2015,36(8) :28-31.

(0] 5% 406 S0, 55, BT DR TR 15 =<0 AR I LIDAR AZ0E0E 1)), ROUKSEF4 (5 SURREIR)
2014,39(11) :1298-1303. (WU Jun, LI Wei, PENG Zhiyong, et al. Integrating morphological grayscale reconstruction and TIN
models for high-quality filtering of airborne LiDAR points[ J]. Geomatics and Information Science of Wuhan University, 2014 ,39
(11):1298-1303. (in Chinese) )

[12] EFC, R0, AT ZusiHERR I8 /NE B BRI 1], AP ,2014,37 (6) - 1380-1389. ( WANG
Zhiwen, LI Shaozi. Adaptive fractal-wavelet image denoising base on multivariate statistical model [ J ]. Chinese Journal of
Computers, 2014 ,37(6) :1380-1389. (in Chinese) )

[13] 250 S, MR BHSRAL, 5. F TR A el b 25 rR G HRCAT /NI M D IR A9 [ ] sk 324k ,2013,56 (9) :3145-3152. (LI
Suyi, LIN Jun, YANG Guihong, et al. Ground-airborne electromagnetic signals de-noising using a combined wavelet transform
algorithm[ J]. Chinese Journal of Geophusice,2013,56(9) :3145-3152. (in Chinese) )

[14] BREfh, DGR, 224y, WS SLIHLER LiDAR =A% AL 7 [ 1], ARk 24 R 244 ,2008,25(2) :87-89,93. (WU
Jianwei, MA Hongchao, LI Qi. LiDAR date cloud gridding based on semantics [ J]. Journal of Geomatics Science and
Technology ,2008 ,25(2) :87-89,93. (in Chinese) )

(157 Zabpk AR, B Bem [ M), B0 iU Ak, 2003.

[16] EV, IR, GEREA, 25, A/ NS BT GPS RSN AY 52 R HRIN [ 1] D22 TH2,2017,26(5) :52-56. (WANG
Tao, TIAN Linya, HOU Jianmei, et al. Using wave let transform to detect GPS vibratory observation date[ J]. Engineering of
Surveying and Mapping, 2017,26(5) :52-56. (in Chinese) )

[17] £ mIE AL SR YR I00 GPS JEAZ(F 5 n AL 22 U [ J]. DU A4 (R BB M) ,2004,29(5)
416-419. (WANG Jlan, GAO Jingxiang, MIAO Lili. Strong contaminated single epoch GPS deformation signals extracting and
gross error detection| J ]. Geomatics and Information Science of Wuhan University, 2004,29(5) :416-419. (in Chinese) )

(ke F91:2017 -09 -30 ik . X e )



