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LIRS
(BRZCBAFBEBR B REHLPIRF, EEK 710049)
(REAZNABEHGE, FHK 710064)

* X
(BEZERFBELEE RS RENPHAF, HE 710049)

# E HT EV (Errors-in-Variables) B8 (BB REMTY) MBALRMTHIEE
A%, TIEXEASREERERN, ML, FEXARRNET TERMETERES
¥ AXEET EV ERF5IAER oM GitE, £—xES EV BRENETEARHE
AEER, FANERESEENUER R, fHEABIE T RPN —THBS HK
— I HREGR

X®RA EVER, oM-f4it, Bt

1 3§
X EIE T K2 tE EV(Errors-in-Variables) #%! (t1#8 ME(Measurement Error) #i%Y g,
VEREER)

y=a+z78, yER, ze€RP, B€RP, (1.1)
Y =y+e, X =z+9, (1.2)

R R o Ry FRBEEETN, fiRARNE X F1Y, BEHER 6 Al o 24
TMH), Ee=0, E6=0. iX#, WMBI « Fy AHHIRE.

B (X1, Y1), o, (Xo, Ya) REUE L3R EV BB S (X,Y) W BBEHLEEA, HBIAY
 HIRH 21, T ST, i o £ 1D BHLER HSIRE 6 My, WK (1L1)
R—AEWER, ¥ o BYERRSH ETERR) MRTE, Wk (11) 2—4
B (ultrastructural) AL % 7, HRERER, WK (1) B ENER. A3
LI R R,

%F EV R, SEMOiHeTIE (1) f1[2 BRE. XRERNTEEENRATS
W2 F 3] %, B, RAVEWH BV BRI ERXE TS, 5% & E A5
MARESARR, EXERAMNES (X.Y,) BEREYE f(X) = o+ X743 0L
B, 814 (X..Y:) BE@FE LA (X,o+ XT8) MEH d(X) KB/AME d

—fBH, £ = 2(X) = (X - X)T(X - X;) + (a+ XTA— Yi)2, VX € R*. ikt

AN 1999 4F 10 A 20 HugF. 2000 £ 8 A 7 HKFIB %R,
* AR AREFES (40101021 5) HEMAE.
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= dH(X)=0,18 (I+B6T)X? = X; + (Yi — a)8, N\

X) =(I+86T)7" [Xi+ (¥ — 0)8] = (I - k72(8)88") [X: + (Yi — @)8]
=X; —k(B)[X7 B+ (Yi - )] B,

Heip k2(8) =1+ 878. TR df =di(X?) = |V — (a + XTB)|/k(8). XHE, IEX Lp- &tk
W B AR R A

Ly(, ) = Y (@) = 3 |¥: = (a+ X B /7(0). 13)
& 0= (ﬁ> , Zi = (f‘) , A= (ZhZz,..-,Zn)T7 Y = (_X'l,)(z,...")(n)T7 W] (1.3) FAEHAT

Lo(a,8) = |49 — Y2/ (1 + I18IB)"'*, (1.4)

Hob |-, RARE p A

(B, XHMIER L- RIEEETRFREN. Jt, AESEMAEE BV #ERA
B, % BV SRS S AT S (4] Al (5] 1989 4, Zemar® M M-
f&i5IAT] EV #A, 1992 £, Cheng et al"l IR T —TIEA EV BRI Kia{d GM-
f3t LU & Hampel BARIERE. B, EAHRARSIER BV BRSO, 0 (8 41 (9]
& EETRREEERNNRE .

ASCAEL TEIEA EV EIHFEIA GM- {3+, BIITHS S R Wit i et
¥ (7] F— BRI BIA . AU N B, SEER &, wh
EXT [7] H1—A B iRL B AT T 1B IE.

2 REEXOEMGTE
BSIEY, BA (1.1), (1.2) BEXUREN TR

i(____}’i—a—xfﬁ)z’ 2.1)

. = . - . T 2= .
%;wz(ﬂ)(x a Xl /3) m;%l paet k(ﬂ)

[e3

XA XN AME L2 (o, ) BIIERE Lo BIRMGTHE. 58 LS EHMATRRBMAE
1, - ARSI Huber 281 M- it 8

& Yi—a-XTB\ . Y —a-XT8
uip 3 p(—k(ﬂ—)————) = mip / (W) dF,(X,Y), (2.2)
Hep F BEA (X, 1), (X0, Vo) HEBSAERE. E4EF - 85, ATHH o
il 8 MEAMBREAITE, SRIZEERXAN 6, = S(Fn), 8. = T(F,), K S(F) f
T(F) T

i (Y ~ S(F) - XTT(F)

i R(T(F)) ) dF(X.Y). (2:3)
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HBRE p HRE v =0 HEVFRSMRPZHRKFHIE, U (2.3) AATEK

[

(Y =S(F) - XTT(F) T (2.4)
/1, ( R ) (X + YT(F) + X(T(F)) T(F)

—(XTT(F))T(F)] dF(X,Y) =
At — G R TRRA, TSEEEETOLAE, B4 X =X -EX, Y =Y - EY.

AR, XFY PEX MY £R, (XY) SRR FoRER, BRAH,
UTHRMEMBE: EX=0 EY =0 t, (24) ATRMLN

/ w[r(T(F))] w(T(F))dF(X,Y) =0, (2.5)

Hr
r(8) = (Y - XT3)/k(3), (2.6)
w(B) = [X +38Y + X373 — (XT8)8] /k(8), 2.7)

BB BT Rl S h oot AR B AL, KR BRERTA it BiIZ K1Y R Fisher 48
B, B T(Fs) =8, X8 Fp o (X,Y) KR 346, 1 [10] TR 8 it it BiZ R T(F)
£ Fg AR W e BN

IF(X,Y;T,Fs) = M~ (¢, F5) v (r(8)) w(3), (2:8)

o
M Ea) = = [ [ O)w(©] s dF(X,Y),

HEEAN (2.8) FLLEH, X @10 o [F R Wi, EVHEROSHR M- A
RAREWE, SR SSHOERTERA. HHEH BRI, (7] E—
TSN T GM- fiit. 2, RERAAHET GM- fhif.

AT (25) &

[ ale@ED. (T EN] wTE)AFEY) =0, (2.9)
TIF TR (2.9) MM T(F) HBHEE 8 1 GM- fIHZM, GM- {hit# 5, AR

Z r][wi(‘é\n),v rz(§n)] u'i(gn) =0 (210)

i=1

ri(3a) = (Vi = XT3.) /k(3,)
wi(3,) = [Xo + 3., + X373, — (X7 3.)3.] /k(3,).

n:RP x R— R 2 E M 44
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(i) XFHE weRP, n(w,") £ R— C(w;n) L#SE, X8 Clw;n) AFRE, £H+
AN EL, n(w,) EERMARERE;

(i) XA we RP,n(w,-) HEFHEEH n(w,r) >0, r e Rt

(iil) Xt FFE w € RP, f# n(w, ) BEE on(w,r)/0r T LERELNTH B RH
£4 D(w;n) BB,

(iv) LUTFPRERETE Fp 2B BEAT R

M(T(F)) = M(n,F) = — / %[ﬂ(w(t),r(t))w(t)] e AP, Y), (2.11)

QT(F)) = Q(n,F) = / n* [w(T(F)), r(T(F))] w(T(F))w (T(F))dF(X,Y).
(2.12)

TERHAR, EVEEN MM Q ERYSEE /AKX, mME@EbaRERK M
M QERHSHE [ AKX A, EVEEK M BEERLENKE T8 EVE
MMEERANXBEEEEZRY EWMEYS T EV ERENREMGTEILREERN.
RN, T F 4Kl SOsm i Z 1 5504

IF(X,Y;T,F) =M~ (n, F)n[w(T(F)),r(T(F))]w(T(F)), (2.13)
V(T(F)) =V(T,F) = / IF(X,Y;T,F)[IF(X,Y;T,F)]" dF(X,Y)
=M~ (n, F)Q(n. F) M~ T (3. F). (2.14)

EE 2.1 fE EVER (L (1.1) f (1.2)) 7 RABEIRRYIESS A6, WX (2.6)
M (2.7) RXH w M r, BATE

(7)~dm0m 5= (37 )
Hop
Bu = K2(9)(Bx + B6) + 375767268 + 02)B87 — (367, + 24",
(2.15)
Bur = a5 (87 ZaB + 028 - 5, (2.16)
o2 = F%)(ﬁTzaﬂ +02). 2.17)

i w(B) 1 r(8) e LK (2.6) il (2.7), TR

()" )

Hb I ZonArf. ¥ EV BRI RERER

()G ()=+() ()reem

1]

A ("é) (2.18)
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Hp 0 XrxFRE, .= diag(Ds,Ls0?), T

(3) ~ Mpst0.3)

[ En Iz _ r_ [(E:4+3s X8
2‘(2{2 222)—3263 ‘( 87s, 8TS.3+02) (2.19)

LN

¥ = ( Ly 20"2’) = AxAT
_ 1 (kz(ﬂ)l— 88T ﬁ) (211 212) (kz(ﬂ)1~ﬁﬂT —ﬂ)
T k2(B) -37 1 T, T 8T 1
_ 1 k(321 — BB8TEn + 88T, k2(B)Ti2 - B8TE1 + ﬂ222)
T k2(3) -8TEn + 2 ~BTL12+ a2
(B =867 -8
BT 1 3
k(). =(k*(8)I — B8T) 11 (K*(B)I — BBT) + BEL (K*(B)I — B67)
+ k2(8) L1287 — BAT 128 + E226T
=(k3(8)1 — BB”)(Z; + Ts) (K*(B)] — BBT) + B(BT =) (K2 (8)I — BB8T)
+ (K*(B) — BBT)(2.8)8T + B(BTE.8 + 02)87T
=k*(B)(2z + Zs) + (BT Zs8 + 02)887 — k*(8)(887 s + £5887),
K (8)Zur =(k2(3)E11 ~ 387 E11 + BEL,) (—8) + k*(B)E12 — 387 T12 + T2
=(k2(8)I - BB7) (2, + Zs)(—B) — B(BTE:)B + (K (B)] — BBT) .8
+ B(8TZ.8 + o?)
=(3T%s8 + 02)3 — k2(3)L;53,
K (8)o? =(-87Zn + Zfz (=8) — BTZ12 + Zop = 37553 + o2,

ATHETT 8, BAMELL T Rk &4

(A1) 5 =021, 02 =02 =02

(A.2) HE (2.9) & XK GM- {11z T(F) HE—.

(A.3) XtPTE we R, En(w,r)=0.
i (2.16) R ENAE

it 1 & (AN ZT, o r HEMZ H¥RMIES S,

#it 2 £ (A1)-(A3) ZTF, T(F)BAF Fisher f &

i B LM e M HEMY, TE, wfllr G G TRRA Gs(w,r) =
G1(w)Ga(r), o G, Hl G2 43514 w 1 r 953 HEE. HI,

/n(u'(;’)’),r([)‘)) w(3)dFs(X,Y) :/n(w,r)deg(w,r)
:/ [/n(w,r) ng(r)] wdG,(w) = / [Ern(w,r)]del(w) =0.
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B (2.9) BEHE—tE, BIR T(Fp) = 6.
EORERAUETT [7] /iYies R, WHEXEHANTBEREE -l
ERTTHEE AR

3 ZREVEREHERZMMEIT

B, BAIS IV BUREE X
EX 1 i RIZR T(F) e Fp 2bi) (JEbndEfl) i RIREHURREE LY

Yuln) = 1}1}12 ||IF(X,Y;T, Fg)“ = sup |n(w,r)| - | M~ H(B)w].

EX 2 FH V(T Fp) 714, W BHEABIREZE LA
sup [(IF (X, Y;T, Fs))* (V(T, F)) ' IF(X,Y; T, Fs)] "%,
Y

*

Y. () = FEV(T, Fp)lESr i,
00, =,

EX 3 HEitE T £ B.- 82 (5 B.- Bf) i, R vmE () FR; &
T &% B.( B,)- #2289, WR T EHEPK () (5 ().

SIEE 3.1 & (A1) BRaL, W

% In f5(X,Y) = 5,57 [%rw +wwTS;18 - ,@], (3.1)

Hep f3 & Fs M EHE.

T H#ER L EAESEVERBET, wHlrNEKEREEAN

T‘2

95(w,7) = 91(w) - 92(r) = (2m) P28, [V 20T exp | — 2 (wTBtw + 1)),

B (2.18) XaT/, (X,Y) MERS®EEA

fo(X,Y) = ﬁgﬂ (AXT,YT)T) = gg(w,r).

TR
2
dln fo(X,Y) =d] - ’%1 In(2r) — %m|2w| —lno, — —;—(wTXJ;lw +55)]
_ 1 1 -1, T\ L o2
= 2d(1n|2w|) 2d[tr(2w ww?))] 2Uzd(r)

= - Str(S51d5,) - otr (455w + S5t (we™)] — Tpdr
=_ %tr(E;ldX)w) + %tr (251 (dZy) S wwT]

- %tr [E;l((dw)wT + w(d’w)T)] - % dr,
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HAMBT AR dln (D] = tr (D7'dD), dD~! = —D~1(dD)D! LIRS BEH T o? =
o?=0* (B (217), 02 5 8 L% Hh (2.15) TH

L. =k%(3) (s + 0%I) — 6837,
d¥,. —23T(d6 WEz + 1) - o?[(dB3)3T + 3(d3)T]

k2(3) —= 3 (d3) (B + 02337) — 02 [(d3) 3T + 3(d3)T].

FET (218) K, MF

(F) = () =5 (o ) () =m0
XtH¥
du _d[——(X+Y3+X3T3 sxTa)}

k(3)

- - T T i T T
d{ (3)](X+}3+X3 3-3XT3) + (B)d(X+Y3+X3 3-3x73)

= X+Y3+X3T3-3Xx"T3)37d
k3(ﬁ)( + 8 )31 ds

+ 1 ( B) ——(Yd3 +2X87ds — (XT3)d3 - 3XTd3)

= k3 © Y = XT3)(k*(3)] — 387) + k*(3)(X 3" — 3X7)]d3

! [r(k*(3)] — 33T) + (w3T — 3uT)] d3

TF(3)
dr =d[k(5)(Y XTS)] = [W)}(Y X73)+ md(Y XT3
== kgzj) (¥ = XT3)3T + k4(3)XT]d3 = —ﬁﬂd&
TR
tr[£1dT,]

:tr[k2?3) uls%aa)(z +02837) 0?51 ((a3)3 + 3(d3)7)]

2
23 % T
2

3Td3(3Tz;.13) - 2023757143

T 2 T 272 — Ty~ .
A2(3)3 LS+ %337 — PRA ()] d3 = 23721 E.d3,

tr[SoHdE, ) wwT]
3)(S, + 02337) — 02((d3)37 + 3(d3)T)] z;le}

2
=t ~1 5
r{=s [k?(a)
_ 2 Tx—1 . 4T 20'2
—*—k,_,w)u Yow3td3 2(3)

wITD 71307133743 - 202 T2 3T £21d3
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_ 2 re- T, 2 Ty-lgal _ 212 Ts—1

_kz(ﬂ)w =t [wﬂ +o*Bfw X, 88" — ok (B)Pw" T, ]d,B

k3(B)
2

=W
k2(3)
—owTE ! [ﬂsz;lzx .

Tz;vl [’IU,BT + Uzﬂ’wTE;I (ﬂﬁT _ kz(ﬂ)I)]dﬁ
T2 [wB” + BwT 5, (K (8)S: — £u)]dB

i (ws” - ouh)] 48,

tr[E51 ((dw)w” + w(dw)T)]
~2" B (dw) = giguTEG (BN — B57) + (" — pu)]ds

#

dln f5(X,Y) = — FTE;'8.dB + wTsg [ﬂsz 18, + —— (whT — ﬁwT)]

=0
5 (1 ) + g T A0 gy
T - -

=05 gy B = o+ iy P - 9T s

+ 8T lwwT B 15,48
=L;LwTE;IZ,, ~ AT Ty - wa)z:;,lz:z] dg.

BAR df(2) = (38)" dz, BHE (3.1) .
A, Yp=18, FE31F 31 PHEHT, Zo=0] =k (B)ol+o> BHAK (1)

1%
2 2 0.2
% % 1 fa(x,¥) = ( :;‘%)rw + (%ﬂ)wz - 5h. (3.2)
AR, [ 31 41 AR (42) R
350 fo(X.Y) = a(B)ru

FHARRIL (P o(8) BIAAIR o2/(0?0])), MUARZCRBIHTI AN ERSELL
—. X8, RAMARHTEREEN—BER, mAX 7 8—naRIETLIE
B—7TE, (3.2) RIFTHEMHTRIE. Ak, THEHE 5 f3(X.Y). 138 (2.19)

KB EH 2.1 KHEBRTA

$XY) = @ny S exp -2 v (5]

2 2 2
aza-;ﬂo 02;;5— o= o2 [oﬁkz(ﬁ)+ 02] ,

s-1_ L o2f*+o* o2
[z —028 o2+0%)’

1=l =
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TR

O h(X,Y) = 3[_£+_11n(2,r)__1n12|——(x Y)s- (X)}

ap a8 X
— L% — li L 2 22 2 2 2 2 -
T2z 08 2088 [|2| ((628% + 0®)X? - 202BXY + (02 + 0?)Y )]
=- L g2 1 @ 20y 2 2/ w2 5
= IEI B 2'2'2 aﬁ [U;z(Y X,B) + 0o (X +Y )]

1
# (3) =y (3o00) RAERE%, gmTR

0
a8

BHA 2] = o? (K*(B)02 + 0%) = o0}, BIF (32) R.
RN Fp 403t (2.9) AFBAXT 8 kW2, WH

1 1 1
—1n X _ = 2 - 4.2 22
f8(X,Y) = |2|U oiB+ |2|20 o ,Bw + |2|0 rw,

[ 55 @@). (@) w(e)ara(x,v)
/ 2(w(8),r(B)w(B) 5 n fo(X. V)] dFa(X,¥) =0,

RE (2.11) f1(3.1) K, ATHEH

M(8) = [ n(w(8), r(6))u(8) |51 faX. V)] aFa(x,¥)

= [ n(w, ryw|SwT + AT ww” — FT]BCIS, dGs(w, r
o2 w B

1

n(w, r)rwwT dGs(w, r)E 1, 3.3
T2 A

T, BAIAH vo(n) Fvi(n) BTRURMN TR B, BF& B,- B4t
i) n- KA
EE 3.1 IR (AD-(A3)ZTF, BF

2 ae) =5 e ()

FAE E(EI,'w)(3:25 ) 15255 wl| 7 A%ERE BPEORBEAEE) B, n(w,r) =

sgn (MIZZ5 wl| ™t AR T 5
B R A

1 _ -
I= ;/r](w,r)rM L(BYwwTdGp(w,r)E1E,.
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B 15

P=%/r[EzE,f,lw]T[n(w,r)M_l(ﬁ)w] dGg(w,T)
< [ 1252 - Intar )M (8] ()

1. - 1., -
S;;;%(TI)ElrlEllza:EwIWIl =13 ;%(n)EIIEzEwIWII,

[i+8 (3.4) AL & E(Ezzalw)(Exzzlw)T“ExE;lwll_1 = alp, a € R, | B 328 w] 1%
a =p L E||Z.E  wlf, B n(w,r) = sgu(r)|| 22, wl 7Y, W (3.3) A0

1 _ _ —
M(8) =2 [ IrweT 525 0l dGa(uw, 151,
1 C1y— - - “1o-
= EI(EEe) 7 [ (BB o) (B2 ) TIEES wl ! 4G, )

21 I _
= ;;(Exzwl) IEEllzfzwlw”IIH

i
i = sup o) |- 1 Gl = [ B
EIE 3.2 BF v:(n) > P & Bwwllwl|™ AEEM, B nw,r)=sgn(r)jjw||™ &
ST B,

iE () ENR (213) F (2.14) &K, H[f

7% (n) =sup [(IF(X,V;T, Fp))" (V(T, Fp)) IF(X,Y;T, Fp)]

=sup [n*(w,r)uwTQ}(B)w] """,

B Q(8) = [ 7°(w, rwuT dGp(w,r), HFLL
p=tr(ty) = tr [ o (w,yunTQ(8) dCplw,7)
— [ T @  BuwdGstwr) < i)
# Buu|lw)? = al,, W a = p~, B n(w,r) = sga(r)|jwl %, 0

Q) = / w ||w]| =2 4G p(w, ) = %Ip,

12

TR, 70 =sup [7?(w, ) wT Q™ (B)w] VP

PLEBAMIS A T v #+; RBRDMEITE. S0, EINEEE
#£ Hampel B TR B ARE A&,
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14 mEBREHGITE

Hampel & BXf—j0 M- fiit BRE TIHFE T ERAERE, AEEERHREER
FIZET, IREFETERMUMGTE. FRINBEET BRI T £x M- hitE
ft5H 1O (BRETEME B — RAETE TR B RIML. B MER, 1412 Hampel
BAEREKNA 11) A 12, X BV B, 7] E--TESEETHA TZA RS, &
RESGIROHFERA R TIEXH (4.2) X, BENRESRWEREIFRZIRW. T
, TATRBRS L EV R Hampel S ALYE R E.

B 4.1 REH (AD(A3) AL, FHlc>0BBK, WA, AWML v <c KT
A - BEPEHENMA TR T AT ERERE trV(T) XBEANI 1- BECAY

ne(w,r) = = ve{[|ADw| }, (41)

IIAD [

He .(u) = sgn(u) min(|ul,c) & Huber i3, D=D(B)=022.Z;', AR pxpHrik
TR, HEHRE

E{ [2@(@) - I]Dw(Dw)T} =AL (4.2)
T IR BLEEN
s=s(w,r) = %gﬁ(w, r), t =t(w) = L5 fwwTZ '8 - 3],

MH5IE 31, Fs—t =220 %rw =rDw. LB RXHEM n- K2, HHNHE
WIREFECAN L = L(w,r), W L = L(w,r) = M~ (n,Gg)n(w,r)w (B (2.13) K). &
A5 rxk fEHE 2 OEMESTHEL
/L(w,r)t(w)Tng(w,r) = /t(w)L(w,r)Tng(w,r) =0.
BREARX (R (3.3)[ Lw,rs(w,n)TdGs(w,r) = 1,, A
/ [L(w, r) — A(s(w,r) — t(w))] [L(w,r) — A(s(w,r) - t(w))]Tde(w,r)
=/LLTdG5—A—AT+A[/ssTng—/stTng—/tsTdG5+/ttTdGﬂ]AT

= / LLTdGs - A—- AT + A[J(B) - / tt? dcﬂ] AT, (4.3)

Hop J(3) = [ ssTdGg 4 Fisher {5 B, WAFIA T [stTdGs = [tsTdGs = [t[rDw+
t17dGs = [1tTdGs (HH r ~ N(0,02) B r 5 w AHE ML), (4.3) FLEGER

/ IL(w,7) — rADwH2 dGs(w,r)

- / IL(w,7)[2dG(w, ) — 2trA + trJ(3) AT 4] - / At (w)|? 4G (w, ),
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X vu(n) < cBHRTF |L(w,r)|| < ¢, V(w,r) € RPYL XBEERR vo(n) < c BT n- B
F FHMNT L(w,r) = h(rADw) 0 n- BEF tr V(T) =tr fL(w,'r)L('w,r)T dGg(w,r) =
11 L(w, 7)||? dGa(w, ) iKBIEAS, HH he(2) = zmin (1, ”%”) R4 50 Huber 563 (z € RP).
&G, H (3.3) fil (4.2) ANERIE

M(B) =M(n.,Gp) = /nc(w,r)rwaDT dGg(w,r)
. [ 1 oa—
:/szln (1, W)W(DW)T dG'g(’w,T) =D 114 1.

TR

IF(w,r5me,Gg) = M~ (B)ne(w, r)w = rmin ( ADw = ho(rADw).

L i japeT)

IEH (4.1) 71 (4.2) NE XK n- BECY 2, MIEEHE 4.1 BIEBSLBIH
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ROBUST GM-ESTIMATORS FOR MULTIVARIATE
ERRORS-IN-VARIABLES MODELS
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(Chang ’an University, Xi'an 710064)
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Abstract Since the maximum likelihood estimates for errors-in-variables (EV) model are
provided by orthogonal regression (OR), but OR is sensitive to contaminated data, so are
robust methods needed to estimate model parameters. In this paper, we introduce robust
GM-estimators for multivariate EV models, and generalize some results for univariate normal
EV models to the multivariate case. The results we obtain are not only more general, but
also can correct a result for the univariate case in the literature.
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