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A robust methods of fitting plane based on LS-WTLS

OU Jiangxia, DENG Xiongwen, CAI Maoxin, QIU Min
( Gedogical Survey of Guangzhou, Guangzhou 510663, China)

Abstract: In order to solve the positional accuracy difference of plane data and the low calculation precision of plane
model’ s constant term, a robust plane fitting method based on least squares-weighted total least square ( LS-WTLS) was
proposed. This method uses least squares model and robust estimation of IGGIIl scheme to calculate the error parameters of plane
model. Meanwhile, after rejecting the gross error data by setting the threshold, the constant term of plane model was calculated
by using least square model. And based on this model, the accuracy of plane parameters was further improved. The new method
shows favorable resistant to gross errors in experiments of fit the simulated plane data, meanwhile, the observed plane data fitting
experiments show that compared with LS method, TLS method, LS-TLS method, IGG II[-LS-TLS method, the new method’ s
mean square error of unit weight increased by 53. 6% , 195. 0% , 47. 5% , and 5. 1% , respectively, and its plane fitting
accuracy increased by 53.6% , 195.0% , 47.5% , and, 5. 1% , respectively. The results effectively verify this new method’ s
superiority and reliability in the field of plane fitting.

Key words: measurement and metrology ; robust methods of fitting plane; weighted total least squares; robust estimation;

IGGII scheme

5l

il

ST R (F) SRR S 0 i 3 2
WA RS BT T 0 3D O m0E b R
AU, HORGBE 20 AR I BT i 2 B 5 3-D AR
PHEREGY . S, A LB AL GG T R T
JE R VR 22 e LA S R/ KU 5 45 2R FE IR R 1
M R TS Tk SR R IR T 2 i HERR B

HWH  EHR A RPIA GBI H (41974214)

VEZ SR  BRTLE (1989-) , 5, A 1, 1AM 22 il 5 2 A
ORI 2 K AL BT 1 B

E-mail ; oujiangxiab66@ 163. com

Wk H 399:2019- 11- 14 &R H 11:2020-01-17

H i, 5 FF UG 7 2 6 A% Gt fie /N — 3 (least
squares, LS) ¥ | BA& /N "€ (total least squares, TLS)
B A SRR (mixed TLS, MTLS) %' 4%,
DL b0 0 Y 4% s > A0 7 A5 B8 LB AL 3L, ol T
W EREE | R GE0R22 55 R, WL Kt 3-D Abd
x,y,2 3 A5 B A 2E A SRR FE SN AR
], ok Bk B AT G, s 2 2 i R
25 B s E . R, [ A2 35 T AL A B
/N_3f (weighted total least squares, WTLS) B R -
filt =, 000K 2% A RO B 22 S, B 5 B T 25 -0 U
2RI 2EAG T 48 T A AR B /s — 3 - T
B, RN 22 A T BAL A - R B AT TIRA
TRV M3 T 2 A DU K 5 AR X oz ) ~F T 48L



FA44E Fol)

RRUTE  —FhET LS-WTLS (e (bl & 7 i 785

JrktoM AR AR TP TS R Y A
{HXF 45 WTLS 32, FL T AR A2 80 b ) o 55050
IETHAE LT RE AR SEBREL A R, 8 FUOm R 2 45
PG AE RZ I, HER PRI

RSO T —FP 3T LS-WTLS 1R 4 fif 57 1
SRS, SR EHSER A ERESAE
BR2E CHB) MR 4Y , £ I WTLS 325 (LS XX
PR SrZ a7 AA, BIJBR B 31 45 i a0 kG B, 3
WTLS #7 7E bt 3E ity b, AR Ak F A i IGG I (
rh B2 B I -5 H 3R ) B 5 (Institute of Geode-
sy & Geophysics, IGG) $& i i) —Fii 2241774, IGGTI
JEHS 3 FPATLE 7 1) O AL T E B R 7
Z i B R i & LA AR, JF A A Y
XTGBT A BB AL, 32 R iR 25 T 5 i G
IR, SCRL = A AR - i 22 Sk [ 0 85 b 22 5
P, R LS SR B 00, A AT S A 05 BB
R RS

1 ET LS-WTLS figEFEil & 7%

1.1 MENEFRENFEAERGER
BV T A -

Z, =aX, +bY, +c,(i =1,2,--,n) (1)
A,a,b,c HEFSRFHS 5, E X a,b HIRENS
it,e NEBIISE, Thr() FoRER B [k
IR 72 5 A RO B R 22 101 T 7 AR AR B IR ZE TN

Z-e= (A +E,)E +A% (2)
K, Z NS AL e FEFERY nox 1 4000 ) & 5
A=[A LA N REBOEE, A, RZETRBUEE, A,
HHRONRBAE £ = [£,6, ] AR SEEF,
£ NIRZES IR &, RO -

2 XN 1
7 = 2 A Xy X2 A = 1
- Ll B s £R2 T . ’
nxl : nx2 : : nxl :
ZVL xﬂ y" ]
Ve Uy v
v, v, v,
E=|" "] e=|" (3)
nx2 : : nx3 :
v v v

Ao BRI RESIMEZ 2. 7EW 2 | (A4,
AZ) || p=min AFFETCL - |l N FIEED , 7]
KA & B

1.2 EFLS-WILS WEHSEMERBETLE

S8 WTLS 780 2k A0 AR 7 12, il (2) T g
5 AN T

Z-e=Af, +A,)¥ - EE (4)
KHLA G =A-E ) =&, - & R (4) Xty
R S IENER AN @
(e ,ENE) =¢'Q,'e + E'Q,'E +2A"[Z -
A€ ‘A(i>8§‘e+(§<i>T®1>eJ (5)
LA nox L BRI B H TRB T R, T 35
WL SEREN(5) R T SRR AT A &S
£ RN E,

T 5 L 2 e 0 B 7 A A S T 5 A f
il 1GG I 5 A - 38 17 A TF 004 AR LA 1 13
AR R, ST 3ok 15 5 R (590 64 L 2 24 Lt 1
PEATHENE BRI T LT LS-WTLS JR4 i - i 2 4 9
J7 ¥ (FRIFR LS-WTLS {4 , HUE /el i WTLS 115
B S A & SRl b 3R E ) PSR S
£ TR LS Wit 8 8% 800 £, , SEITE 2
R, AR SRR SR SR (R . %
B BRI R

(DA LS B E RS EEE 0 = [£0,
£, 1" 254 B R R E RBUERE A 191 16 i
B Py J A AT Tt W BRSPS 7 )
*Rlﬁpzm:

P, = diag[1 1 0]
3x3 ) (6)
P, =£f(n = diag[1 1 - 1]

()i SE ) = (&) &))" R G
i, Horp &) o &) IR IRE MY, HIE X &y =
$2<0>=

Vi, =0

fm = <ATQZ<1>A)71ATQ2<1>Z

mo = 1000, + [(E0) Qb0 1Quiy

£ = [ppA)'A'p,, 12
KH,0,,04,Q0 73510 Py Py, Py 1Y)

(3)i+5/§rl2<i> ”A\m& ‘A’m?

Iz(n = {Qzu) + [(g(m)TQoém JQA([) P!
;‘<i> =I2<i> - (Z —Aém) (8)
’;<i) = A()A‘<i>)TQAii>;\<i>

(DI E ) BIE ) BUFIRZETR Y

él(z’ﬂ) = (ATI';(L')A _’:m * Qo)7l : (ATI;'(L')Z)<9>

(7)



786 WOk H A 2020 4E 11 H
()R 10) It FEAKE V) - (13) KRR AL PR 2% oy MOFHEHEE o,
v, Z - A .., (10) TG BEPEAE «

) «/1 + (E1)) &)

(6) M4l V) X IGGI 5 % (UL (11) =) 1+ AA
?‘ W ;) ,/?“\ P(,‘) :mem ,ZE*E%EYENUE%}?T&%*X%
PA(i+I) ,Pz(‘

) .
1,(V“> < ky
loa
V(i)
W, = ko kl - ag ?(kO = ‘/(L) <k1)
B Vo [l —— o
o 1 0
of[%]>4
g

(11)
K,V Wik 0 HHIREE by =1.0 ~ 1.5,k =2.5 ~
3.0, R CHHEL kL, =1.5,k =2.5,
(DHERAT % o, FEHE 0 >30, 1
A IBHRAE TR &) SR AR (4) TR S

£y = - (A"4,)7(AA, -A,"Z) (12)
(8)EHLHEDB) ~ L), HE &y —& | <6,

(80 MHE B, A SCHILS, =107°)
eSS ARG EAE EER QT e T = i !

5 JRMWZ—AaM»

n-3
(13)
o, =
S, ) R A LA B
2 BHIsH

SRR A S HR IR T TET AU A T I e B
PEVEAT B , 20590 01 P S X A 0L 1 590 S 000 S 1 %
PTG
2.1 IR

WEIG T N Z =3X +4Y +5 KA
B4 4 0 B , 4 B4 IR 0% ,5% ,10% ,20% 1Y
Fe B AKLZE (KR/NK 3oy ~ S0, 00 4 R4 LI K dE
H R ZE ) |, RS WEI BHE A, XL Y 4352 (10,1000 ],
[0,2000 | X [a] A Y AL S 25, AHL Y9 Z 4[5, 11005 |
DX [0 P BREAT LR 50, [ sf 7 A 4RLER B b A BB 5 22
e, HLFEHLIRZE e BRI A 0 FrifE2E N o1 HIEZS S
fi (o =0.3,1 HHALE)

Table 1  Plane parameters and fitting precision of simulated data

proportion of o Alal Alb] Alcl a0 g,
LS 0 0 0.0007 0.0152 0.0029
TLS 0 0 0.0009 0.0152 0.0029
0% LS-TLS 0 0 0.0007 0.0030 0.0029
IGGII-LS-TLS 0 0 0.0007 0.0024 0.0029
LS-WTLS 0 0 0.0003 0.0023 0.0022
LS 0.0020 0 0.0047 3.5046 0.6770
TLS 0.0158 0. 0064 15.2664 6.4890 1.2569
5% LS-TLS 0.0020 0 0.0047 3.5046 0.6770
IGGIII-LS-TLS 0.0003 0.0002 0.3013 0.2115 0.6843
LS-WTLS 0.0001 0 0.0028 0.0565 0.0556
LS 0.0036 0.0008 1.7493 4.1745 0.8067
TLS 0.0193 0.0081 19. 1327 7.4930 1.4523
10% LS-TLS 0.0035 0.0008 1.7493 4.1745 0.8067
IGGIII-LS-TLS 0 0.0001 0.7808 0.1841 0.8314
LS-WTLS 0 0.0001 0.0718 0.0823 0.0810
LS 0.0113 0.0020 2.6627 11.0755 2.1427
TLS 0.1209 0.0527 124.3950 44.9742 8.8819
20% LS-TLS 0.0111 0.0019 2.5019 2.1755 2.1427
IGGII-LS-TLS 0.0016 0. 0006 4.6832 0.94298 2.2148
LS-WTLS 0.0014 0. 0005 0.4423 0.51715 0.5080
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Table 2 Observed data of plane

X Y VA X Y V/ X Y V/

1 11.2 36.0 -5.0 9 4.7 24.0 -5.4 17 23.1 50.0 -7.7
2 10.0 40.0 -6.8 10 11.7 65..0 -7.7 18 21.6 44.0 -9.3
3 8.5 35.0 -4.0 11 9.4 44.0 -8.1 19 23.1 56.0 -9.5
4 8.0 48.0 -5.2 12 10.1 31.0 -9.3 20 19.0 36.0 -5.4
5 9.4 53.0 -6.4 13 11.6 29.0 -9.3 21 26.8 58.0 -16.8
6 8.4 23.0 -6.0 14 12.6 58.0 -5.1 22 21.9 51.0 -9.9
7 3.1 19.0 -7.1 15 10.9 37.0 -7.6

8 10.6 34.0 -6.1 16 23.1 46.0 -9.6

Table 3 Plane parameters and fitting precision of observed data

P i Py &,

LS -0.2710 0.0085 -4.2789 2.1536 1.9316

TLS -0.2558 0.2616 -15.9565 4.1357 3.6093
LS-TLS -0.3108 0.0215 -4.2807 2.0680 1.9219
IGGII-LS-TLS -0.2111 0.0279 -5.8982 1.4735 1.8997
LS-WTLS -0.2384 0.0388 -5.8379 1.4018 1.2924
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