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Abstract: Objectives: In the structured errors—in—variables (EIV) model encountered in spatial coordinate
transformation, part of the random observations (or their negative values) in the coefficient matrix appear
repeatedly in different positions. Whether the repetitions of the random errors should be taken into account
and how to deal with the repetitions in the adjustment principle, no consensus has been reached up to now.
Methods: A generalized structured EIV model is proposed and a synthetic weight is introduced to describe
different adjustment principles. The generalized EIV model is transformed to the Gauss—Helmert model
through linear approximation. The solution and its approximate variance are derived. Results: It is verified
that the repetitions should not be taken into consideration in the adjustment principle from the aspects of
model analysis and numerical simulation. Conclusions: The optimal adjustment principle 1s confirmed and
the approximate formula to calculate the accuracy is proved to be feasible and effective.
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SRR R R R G A b 0 B A OB,
14 1 25 7 D0 A5 A0 AR SCHR Y Y Sl AR R o B AT
R I T BN R B B A o) (5 (21) ) RV = X

Lonoyn 0000 o b §ig 152 25 10 b TSR S TS I 0 B KR 80 {1 A
o0 0l a o, @ 1A 20 DU 5510 T 52— SR 25 45 5 L
Loy 000 N AR SCHE ) 038 1 22 50 R AT AT A A 2
A=[000 1 o g fa=l 9 G STLN i B T R B th B L
5 S b, WO £ 5 5 V80, 9T L6 0L T 52 85010 T 7 4
L a oy 00 0 L5, ] - 2 R R AS S A 787 )R 1 T 2 v
L0 0 0 1 & y] TRER T TR, BiE T A
U 12 A AR A TR A AR B R ARBR AN B R AT R RN
F1 AEFEFAEHNSWTLS#E(D=D,)
Tab. 1 SWTLS Solutions with Different Adjustment Methods (D = D)
275 1 a, a, by b, by
PEIV /}Efjl_l'“” 10.412 055 4.065 602 —2.136 739 —9.641 747 1.116 170 2.912 190
”ﬁ%ﬂ%%““ 10.412 055 4.065 602 —2.136 739 —9.641 747 1.116 170 2.912 190
NSRS 10.412 055 4.065 602 —2.136 739 —9.641 747 1.116 170 2.912 190
K2 AEFEAENSWTILSE(D=D,)
Tab. 2 SWTLS Solutions with Different Adjustment Methods (D = D)
-2 7 12 ay a, s by b, by
STLN h‘?ﬁm' 10.418 681 4.056 913 —2.101 082 —9.639 440 1.118 336 2.855 364
ARSI 10.418 681 4.056 913 —2.101 082 —9.639 440 1.118 336 2.855 364

F T B R SE 2= HEN R SWTLS fi# 95811
e RV { T | P B R R SR/ S v £

SETV FL 1Y, 2 KR A7 S 0T 1Y) B (B e 1 22 1Y) 45
¥ 5330 2 -
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3.62
—1.03
0.75
4.05
0.75
—4.59
—4.16
1.25
2.75
2.50
—38.88
1.55
—18.89
—4.50
5.45
5.28
8.25
—10.85
4.55
—16.70
1.55
3.20
3.17
7.95
6.00

(EAM):

Y

S OO0 O O O O o

6.75
—5.36
2.50
2.90
6.75
1.42
1.98
5.50
—1.80
15.00
3.07
7.20
—7.93
2.50
15.00
4.06
17.50
0.45
6.25
24.35
3.20
2.49
0.65
—10.65
32.60

Y 20

0.75
6.75
1.25
—1.80
2.50
0.85
15.00
1.55
17.50
9.36
20.20
52.75
8.25
4.55
24.35
3.20
12.80
6.00
32.60
7.95
14.78
5.87
10.90

71
12
Vs
V4
Vs
Vs

23.37 ]|

27.60 |

(50)

(51)

B EM s=[1 5 2], iR
2ell gy =y ys o yos " RFRE I LR 53 A0 1Y
BENLS B, 0725 W D, = 07 L, Hirp Iy 75 25X
25 By B AR B Ly, (i=1,2,---, 25) i B & I 8K
dTLL i (Eale,) S5 3E75 o 43 91R 1 3 FhSE
25 WE T3 2 B0 Al A, v X (21) Hoxt 1 1 D
S R4y B D, = Ly, D, = diag(dy, doy v dos )=
diag(1,3,1,3,--+,1,3,1), D;=diag (d?, d?, -+,
d3)=diag(1,9,1,9,-+,1,9,1). ML (44)
KA AT ZMSEAGEN 2%, AT
SR EEC I, AT LA 7 iR 22 MSE(2 )=
(2 — &) (&— &), ALK A A% 38 22 M U F £
(B A RS BE O 53 Uy 25 X6 B 0 ) BRUER 22 7K OF
00 =0.25 Mol =1HATIHE . A TIRIE W
Gt RS A 58 25 7K SF- 19 55 5 & #4710 000
U, B g s S 25 R BT Y08, 45 2R 43 70 L 3% 3
M4,

x3 AEAFEEMNTHSWTILSE R (o) =0.25)

Tab. 3 SWTLS Results Under Different Adjustment
Principles (o5 = 0. 25)

BNt gt D=D, D=D, D=D,
s 0.999 998  1.000281  0.999 975

ik 280l Iy 5.002 389  5.007 359  5.009 953
2 1.999 596 1.999 320  1.998 190

By 2 &8 0.239737  0.537 349  1.463 591
6. 9.43X10°°% 1.72X10°° 5.76X10°

6. 5.23xX10°* 9.14x10°* 3.19x10°°

FROTE 6! 8.28X107° 1.60X107° 5.05X10°
65 5.40X107" 9.47x107* 3.30x10°°
ml o 9.76X107° 1.10X10°° 1.63X10°°
ml o 5.44X10°" 6.21X10° % 9.40%10*
MSE

mZ 850X10°°% 9.39X10 % 1.42X10°

mi 5.63X10°* 6.41x10°* 9.71x10*

N 3T LLUFE N 25 8RB T 25 0
WCRAD)RBHSEAEEEZELTHEMHE, &
4% o it i MSE &/, WEE B 56 E T A % 8
FB 1 22 T B R B 22 ME R B A o A
K7 2 WA (E I /D F 38, 2 i TR (43) A %
JEAE R PER AL ME LB A 22 50, [A) R, 4% 2
B 5 10 07 22 3/ F XN MSE, JE R & SETV
BN F R LM R P 23 50 ARG T 22, O 220 b A
25 M4 T MSE. B2, XF [ J7 25 fl MSE
() 22 5 AT AL, S 803 A 4 B 1 248 [E I MSE 2
W22 5 (| (62 — m?) /i) 53 34 3.38% .3.86 %




2230 BOBR 2 4 (fF B A D

2024 12 A

H12.59% , 1 B 24 1 22 /NI, 25007 22 A AE A
MSE i 22 5 AR /N, W] DAAE R 8 B2 VF 5 i 48 o
W, AR SCAS 2R FH A 2 M /I — 3 i 25 48 1F 5K
Monte Carlo A5 #4119 AR SR A A 25 (60 o

M B3R B 53 A AT R0, K SETV BRI 2 1 4k
S HCF 2 i D00 A 0 Do A 18 2 A R, X (44)
A (48) Hi& T D N RALBE B IE . 5 T
PRI DA Y, 20 22 o ) rh b iR 22 2 Y IR
ok, A A 22 AN S B U R S EOr s
ZMES MSE¥ AR KM ESR . I D=D,h,
PARLR T A1 20 R ELAE Y 6 75, 5 24 E 29
PN MSE (9 3.5 4% , 3% 5 i T B2 ALy 22 4
T ER 22 8 O R B, R ek — 20k BN e
K FH 3 S 22 o D) 4R 0 R0 9 SR R AL
iR 25 MO 2%

F4 AEFEENTHSWILSZER(si=1)

Tab. 4 SWTLS Results Under Different Adjustment

Principles (of=1)

et Ziit®  D=D, D=D, D=D,
) 1.000 220 1.003 770 1.007 659

flivh 2 80E 2y 4.997 838 5.022963  5.049 989
Ty 2.000725  2.004 000  2.007 714

LA T 2 68 0.960 341  2.146473  5.839 121
6L 3.78X10°° 6.87X10° 2.30X10 !

SO A 6l 2.09X10°° 3.65X10°° 1.27X10°
f i

63 2.17X1077 3.78X107% 1.32X10°*

3.32X107° 6.41X10°° 2.02x10°*

mZ 4.02X10°° 4.50X10°° 6.67x10°
mZ 2.21X10°% 2.53X10°° 3.85X10 °
MSE X )
m; 3.53X107° 3.88X10 7 5.82X10°°

mi 2.29%10°7 2.62X10 % 3.97x10°

H 2 4 AT 38 RO I 358 24 1) O 2%, R s 15 3
53R 3 -HWEw, #E— DA T T 25
NOZBEREE G D AL, B (48) 4
(07 24 A6 (5 5 MSE 78 3443 1 b 09 f 22 20 51 N
5.97% .5.43% .5.95% , i — 25 UE B T A ST I A
KBV 8 7 TR TR DR 22 BN BT S T AT
R

6 % &

SR EIV A B RECEFFE P Bl T R E R
B B 5 R T A 25 0 ) DL R n AT i A
P2 N, E TR Y BUE I . A SCAER L 43 A
VB 96 5 5 7 i AT, UE B 5 OO B A

F2EEN . FEETTERANT

1) SRS T EA M) 3FhAbHE SETV AR Y- 2 1
WU, H A [ B~ 2 1 DU 25 45 2O [ B9 7 22 45 21
T —MiE A SWTLS 28 35 i3 5 BOR
) ) 238G AR B P, A5 2 /Y B A R B T Rk 3
FPASTRIE DU /9 H AR R4, R A Lagrange 1%
T Tl BB A O 25 TR IR

2) BRI TS M S B G TEBT, A S
H P AR 2 1 A 75 31 GH B RS, B8 | 43 B
AR 25 A YOBUA N T AP 22 HE N B LB
7 GHBLAL R 5, ik B K a8 A5 31 1Y
GER R B, MR ELRAREE T S8
UL TT 22 A0 (E

3) i SR AIE T A SR N RE S E AT
RS R —BCAEM TARSON R AT A B A R
PSR B 1O 2 a5 22 R A OB o 25 v UL A
B A 7E MSE 2 SO feflt, HS BRI 7 22 2
MSE B B 4735 6L, v DAVE kG BE VT B4 4 o
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