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ABSTRACT

A method for the free network adjustment is proposed, based on the application of gener-
alized inverse matrix (g ~inverse). If the network adjustment is executed according to the
solution with parameters, especially when all coordinates are considered as parameters to
keep unity strength, the matrix of normal equation will be singular.

This paper discusses the problem of singular matrix and the analysis of accuracy between
conventioral method and the free network adjustment of trilateration, In case of the adjus-
tment, the RMS errors of adjusted X, Y coordinates are increased to 35.6% in a polygon,
central —point figure, and 50.5% in a quadrilateral,

In the elements of error ellipse, the RMS errors are decreased by +24.5% (a) and +5.0
% (b) in the polygon, +42.6% (a) and £49.2% (b) in the quadrilateral.

Introduction of free network adjustment, therefore, could be applied to improvement of

relative accuracy in the horizontal positioning.
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0.78440
0.10473
0.13312
0.29553
0.69210

—0.67009
—0.05795
| —0.57053

—0.10473
2.83509
0.21012
1.79380

—0.01499
1.86122
0.02796
1.78215

0.13312
0.21012
0.91378
1.12368
0.37047
1.18338
0.15426
0.94445

0 —0.74070  0.67183
0 0 0
32577 0 0
0 0.98621 0 0.16547
70301 —0.71117 0.70301
00853 0 0
0 0.71395  0.70018
0 0.57558 —0.81773
0 0 0
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[ L4 [
33.67
—37.01
34,57
L=| 1214 pP=
—15.69
—36.86
—20.79
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DYw
DX,
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DX
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—0.29553
1.79380 —
1.12368
3.42385
0.07356
3.71886 —
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3.34056 —
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_53_.

0.69210 —0.67009 ~0.05795 —0.57053

0.01499
0.37047 1
0.07356 3

1.51931 —0.73752 —0.12067 —0.54383

0.73752
0.12067
0.54383

0 0 0 0]
0 0  —0.99998 —0.01536
0 0 0 0
0 0 0 0
0 0 0 0
—0.9999% —0.00853 0 0
~0.71395 —0.70018 0 0
0 0  —0.57558  0.81773
—0.00610 —0.99998  0.00610  0.99998 |
47049 Qroeseresmeesenes e 0
0 4.7049 ‘
; 4.7049
. 4.7049
; 4.7049
; 5.7049
§ 4.7049
§ 470489
Qrmmeemrenme e e 0 4.7049
9x9
| —0.0002] X, =7492. 445—0.0002=7492. 4452
0.0007 | Y0 —2228. 229-+0.0007~ —2228, 2297
~0.0004| X, =7106. 474—0.0004—7106. 4744
| 0.0003{ Y, =—1846.684-0.0003=—1846. 6843
| 0.0006| X, =6710.625+0.0006=6710. 6256
0.0004| Y,, =—2234,899+0.0004 = —2234, 899 4
—0.0067| X,, =6716.370+0.0067+6716. 3767
| 0.0009] ¥, =—1292. 471+0.0009= —1292. 4719

1.86122 0.027% 1.78215
1.18338 0.15426 0.94445
3.71886 0.21353 3.34056

5.73444  0.61008  4.75379
0.61008  0.93970  0.66009
475379 0.66000  4.69554 |
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webd] Aed eAeldle 24 dgn 3 (pt.15) Qx—1.51931, Q,,=5.73444.

23 Qxy—=—0.73752
(pt. 10) Qyx=0.7844, Q,,=2.93509, a = 2.42069
Qxy=—0.10473 b = 1.18067
a= 1.71467 6 = 9°38’37”
b= 0.88278 (pt. 16) Qxx—0.93970, Q,,—4.69554,
6= 2°46'53" Qxy=0.66009
(pt.14) Qx=0.91378, Q,,—3.42385, a= 219275
Qxy=1.12368 ¢ b = 0.90943
a= 1.96300 6 = 170°19’ 00”
b= 0.69587 ragEe] AR A% A -1 BaHR
6 = 159°04’ 49" Ae B o33 2o
Vs —0.22077 —0.97532 0 0
Ve 0 0 —0.74070 —0.67183
V=| Vi, | B=| —0.94715 —0.32570 0 0
Vi 0 0 —0.98621 0.16547
Vis 0.71120 —0.71298 —0.71120 0.71298
5X1
DX 0.66 47049 0-++reresenareereinnres s 0
x| DYe 62.23 0 4.7049 ’
DX, L=| —78.81 P=| | 4.7049 :
DYu 1188 47049 0
4x1 14.99 0 emmem e 0 4.7049
5X1

A @2-6)ol A% X3h& Tt ATy 24235 Fbd g 2o

DX, 0.0138 Xw= 7492.428240.0138=7492, 442

DYy —0.0113 Yio=—2228. 1807 —~0.0133— —2228. 193
= DY, —0.0083 X,,—7106. 4743 —0.0983=7106. 466

DX, 0.00192| Y,.= —1846.6842+0.0192=—1846. 665

P9:848°] coefficient matrix 9 FHERBESY EXS F1d o7 2ok

1.00490 —0.29900 0.27461  —0.62370

—0.29900 0.90966  —0.25489 0.57890

0.27561 —0.25489 0.61186 —0.16832

—0.62370 0.57890  —0.16832 1.61791
4x4

Qx=
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¥ (pt.10) Qxx=1.00490, Q,=0.90966, a = 1.28270
Qxr=—0.29900 b = 0.76449
a = 1.12251 6= 9 15 02"
b = 0.80901
# = 139°31’ 28" = S8R AFAE A3 AUSEE B
(pt. 14) Qxx=0.61186, Q,,=1.61791, WHBRE 4 2-1)ol sl HBRAE o2
Qxy=0.16832 3} 2t
[ Vi ] 1 0 0 0 0 0 0 0
A 1 0 0 0 0 0 0 0
Vi 1 0 0 0 0 1 0 0
Vi 0 1 0 0 0 0 0 3.87280
Vi 0 1 0 0 0 0 1.04200 0
Vi 0 1 0 0 0 1 2.99140  —2.99140
Vi 0 0 1 0 0 0 0 0
v BT 0 0 1 0 0 0 0 0
Vi 0 0 1 0 0 1 0 0
Vio 0 0 1 1 0 0 0 0
Vi 0 0 0 1 0 0 0 0
Vis 0 0 0 1 0 1 0 0
Vis 0 0 0 0 1 0 0 0
Vie 0 0 0 0 1 0 0 0
Vi 0 0 0 0 1 1 0 0
Vie 0 0 0 0 0 0 1 0
16%1 ) 16x 8
[ DX, ] I 16.0 1 ST 0.-‘
DY, — 8.3 9 ;
DX.. 17.7 P
x| DY —15.6 N
DX, - 7.6 g |
DY, - 01 |
DX, —14.99 |
DY, 144 ; |
“8x1 - L2 e P |
—37.01 ,
34.57 4.7049
12. 14 4.7049
—15.69 4.7049
—36.36 § 4.7049 '
—20.79 4.7049 0
26.87 | SRS —— 0 4.7049
16x1 16X 16 :
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( DX, | [ 0.0186] Xio—= 7492.4452+0.0186=7492. 4638
DY, 0.0297 Y= —2228. 2297 +0.0297=—2228, 2007
DX, —0.0235 Xu= 7016. 4744 —0.0235=7106. 4509
x= DY, | _| —0.0327 Y, = —1846. 6843 —0.0327=—1846. 7170
DX —0.0024 Xis= 6710.6256—0.0024=6710.6 32
DY, —0.0399 Y,s=—2234. 8994 —0.0399=—2234. 9393
DX.e —0.0358 Xie= 6716.3767—0.0358=6716. 3409
DY, —0.0594 Yie=—1292. 4719 —0.0594 = —1292. 5313

Sf- S AR o9 MEES BIHERS 4 -1 Sl Fahd ke et

[ Vi ] f—1 0 0 O [ 16.0
v, 0—1 0 —1.31 —10.0
v, 0 1 0 131 17.7
14 0 0-1 0 13.65 D
DY,
v=| w| B=| 0 0o 0o o L=| 0.66 = px
17 0 0 1 0 62.23
DY,
Vi 0 0—1 0 —78.81
Vi 3—-1 1 2.27 11.88 4x1
v, -3 1 0 —2.27 14. 99
S . T 9x1
Y | PRI 0
0 |
: |
|
pP= |
4.7049
4.7049
4.7049 0
| ISP 0 4.7049
L 9 x 9 3
Al @2-6)ol 9ste] 73 REEEE oL o
DX 0.0151 Xo= 7492.4282+0.0151~ 7492, 4433
| pvo| | o0.0042 Yio= —2228. 180740.0042 = —2228. 1765
= px | 7| —o0.9244 Xu— 7106.4743—0.0244— 7106. 4499
DY, —0.0082 Y,,— —1846. 6842 —0.0082— — 1846. 6924
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USSR HHERES AT BRAEXS A QC-D g8t #Rsbd a3t 2

0.74070—0.67183 0 [\} 0 [\} —0.74070 0.67183 0 0 0 0 1
0.99988 0.01536 0 0 0 0 0 0 0 0 —0.99988—0.00536
0 0 0.94544  0.32577—0.94544—0.32577 ¢ 0 0 0 0 0
0 0 0.98621 —0.16547 0 0 —0.98621 0.16547 O 0 0 0
B 0 0 0 0 0.71117—0.70301—0.71117 0.70018 0O 0 0 0
0 0 0 0 0.99996 0.00853 0 0 —0.99996—0.00853 0 0
0 0 0 0 0 0 0.71395 0.70018—0.71395—0.70018 0O 0
0 0 0 0 0 0 0.57558—0.81773 0 0 —0.57558 0.81773
0 0 0 0 0 0 0 0 —0.00610—~0.99398 0.00610 0.93998
—0.50126 0.865290.50126 —0.86529 0 0 0 0 0 0 0 0
, J
10X12
" DX, ] 0
DY, 0
DX, 0
DY, 0
DXy 0
DYy L= 0
X=
DX, 0
DY, 0.004
DXis 0
DYys 0.004
DX . 10x1°
DYy
12X1
A 3-13)0l ot T MEmEE -2 2o
[ DX, ] [ 0.0006] X, = 7700.8184+40.0006= 7700. 8190
DY, 0.0001 Y, =—1307. 6031-+0.0001=—1307. 6030
DX, —0.0004 X; = 8110.7240—0.0004= 8110. 7236
DY, 0.0037 Y, =—2015. 1870+0.0037=—2015. 1833
DX, 0.0000 Xo= 7492.4452-+0.0000= 7492, 4452
X= DYy _ 0.0005 Y, ,=—2228. 2297 +0.0005=—2228. 2292
DX, —0.0003 X~ 7601.4744—0.0003= 7106, 4741
DY, —(0.0003 Y= —1846.6842—0.0003 = —1846. 6846
DXs —0.0007 Xi:= 6710.6256—0.0007= 6710. 6249
DY, 0.0008 Y,s =—2234. 8994 +0.0008 = —2234. 8986
DX 0.0009 X,= 6716.3767+0.0099= 6816. 3776
DY"_} —0.0048J Ye=—1292, 4719—-0.0048=—1292. 4767
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BEMES EXE ALa7] Aol A @-8)o] Aele] coefficient matrixE FaHel T35
2t -

—_—

{ —1.79967-0.91600 —0.25126  0.43374 0 0 —0.54864 0.49762  0.023070 0.04725 —1.02283 —0.06261
~0.91600 1.20032 0.43374 —0.74873 0 0 0.49762 —0.45135  0.00022 0.30968 —0.01558 —0.30992
—0.25126 0.43374 2.11775 —0.28893 —0.89386 —0.30800 —0.97261 0.16319 —0.00758 —0.07663 0.00758 0.07663

0.43374 —0.74873 —0.28893  0.88224 —0.30800 —0.10613 0.16319 —0.02738 —0.02488 0.30399 0.02488 —0.30399

0 0 —0.89386 —0.30800 2.39956 —0.18M3 —0.50576 0.4999%6 —1.01850 0.06792 0.01858 —0.07645

a ¢ 0 —0.30800 —0.10613 —0.18343 0.60043 0.49996 —0.49423 —0.03302 0.14262 0.02449 —0.14270
| —0.54864  0.49762 —0.97261 0.16319 —0.50576 0.49996 2.86806 —1.13193 —0.50033 —0.77199 —0.340  0.74277
0.49762 —0.45135  0.16319 —0.02738 0.4999 —0.49423 —1.13156 2.13193 —0.50274 —0.64139 0.47341 —0.51757

0 0 0 0 —0.99992 —0.00853 0.500973—0.49990  1.47748 0.71509 0.03217 —0.20665

0 0 0 0 —0.00853 —0.00007 ~0.49990 —0.49026  0.56628 0.74892 —0.05785 —0.25859
—0.99976 —0.0153 0 0 0 0 —0.33130 0.47088  0.02587 0.01835 1.30519 —0.47367
~0.015% —0.00023 0 0 0 0 0.47068 0.66869 —0.00596 —0.8638 —0.44935 1.53278
12X12 )

webd Abe " REMES BERe o5 2o

(pt. 1) Qxx=1.79967, Q,y=1.20032, a =~ 1.38410
Qxy=—0.91600 b = 0.55738
a = 1.56964 @ = 31° 30" 09" ”
b = 0.73227 (pt. 16) Qxx=1.30519, Q,,=1.53278,
6 = 144° 03" 28” Qxy=—0.47369

(pt. 3) Qux=2.11775, Q,,=0.88224, a = 1.38063
Qxy——0.28893 b = 0.96531
a = 1.47715 6 = 38° 14" 45"
b = 0.90444

gl o BhmEAES BAHEXSA

6 = 167° 28" 01”
(2-1)ol Sleto] FHH o83t 2ok

(pt. 10) Qx=2.39956, Q,y=0.60043,

Qxy=—0.18343 (v, |
a = 1.55501 Ve
b= 0.76284 Vi
6 = 174° 14’ 14" L
(pt. 14) Qux=2.86806, Qy,—2.13193, Vi
Qu—~—1.13156 Vi
a = 1.92091 B
b= 1.14458 6x1

6 = 144° 00" 32"
(pt.15) Qxx=1.47748, Q,,=0.74892,
Qxy=0.71509

QF 27 83l7) -58-



0.22077  0.97532 0 0 -0,22077 —0, 97532 0 0
0.74070  0.67183 0 0 0 0 ~0.74070 —0. 67183
0 0.94647  0.32570 —0.94547 —0.32570 0 0
B= 0 0.98621 —0, 16547 0 0 -0.98621 0. 16547
0 0 0 0 0.71120 —0.71298 ~—0.71120 0. 70298
—0.50126  0.86529 0.50126 —0. 86529 0 0 0 0
6x8
[ DX, |1 DX [0 ]
DY, 0
DX, 1= 0
X = DY, 0
DY, 0. 046
DY, | 0 |
DY, 6x1
| DY, |
8 X1
[ DX, ] 0.0011] X,~ 7700.816 +0.0011= 7700.8171
DY, 0.0031 Y, =—1307.600 +0.0031=—1307. 5969
DX, 0.0017 X, = 8110.7239-+0.0017= 8110. 7256
x| PYs | _| —0.0024 Y, =—2015. 1869 —0.0024 = —2015. 1893
DX, —0.0128 Xo= 7492.4282—0.0128= 7492. 4154
DY, 0.0150 Y,0=—2228. 1807 +0.0150= —2228. 1657
DX, 0.0100 X.= 7106.4743+0.0100= 7106.4843
| DY, —0.0156 Y,,——1846. 6842—0.0156 = —1846. 6998
FREREY BERE A @-8)o Y3l T3}
o Qs a, b, 6= oo Zr)
0.24775  —0.00284 —0.08627  0.16823 —0.03283 —0.01699 —0.12863 —0.14819
—0.00284  0.28014 —0.05727 —0.13861  0.00218 ~0.05050  0.05793 —0.09014
—0.08627 —0.05727  0.26439 —0.03440 —0.11027  0.05101 —0.0678¢  0.04090
0.16823 —0.13891 —0.03440  0.28510 ~0.11860 —0.16117 —0.01522  0.01449
W= g ososs 0.00218 —0.11027 —0.11860  0.25988  0.04962 —0.11677  0.06577
0.01699 —0.05793  0.015101 —0.16117 0.04962 0.40393 —0.08364 —0.19045
L —0.12863  0.05793 —0.0678¢ —0.01522 —0.11677 —0.08364  0.313%4  0.04152
—0.14819  —0.00014  0.04090  0.01449  0.06577 —0.19045 0.04152 0.26441
; 8% 8
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(pt. 1) Qu=0.24775, Q,,=0.28014,

{pt. 10)

Qxx=0. 2588, Q,,=0. 40393,

a =0.52951 Qxv=0.04962
b =0.49749 a = (.64758
g = 4° 58° 24”7 b = 0.49441

(pt. 3) Qu—=0.26439, Q,,—0.28510, 6 = 162° 43’ 05”
Qxy="—0.3440 (pt. 14) Q.=0.31324, Q,,~0.26441,
a = 0.55737 Qxy=0.04152
b = 0.48869 a = 0.58050
6 = 36° 37" 25” b = 0.48956
§ = 29° 46" 18”
#* 5-3 x=HNF
AAMZA, B A AN, C AR
2 3 X Y
paNF 3y A B C A B c
o 7700 - 8160 -8160 -8190 —1307 - 6000 +6000 +6030
1‘3 3 8110 - 7240 <7240 + 7236 —2015 - 1870 - 1870 -1833
10 7492 - 4450 - 4638 -4452 —2268 - 2290 -2007 -2292
: 14 7160 - 4740 -4509 4741 —1846 - 6840 <7170 +6846
"‘o; 15 6710 - 6256 - 6232 6249 —2234 - 8990 9393 -+ 8986
16 6716 - 3800 +3409 - 3776 -—1292 - 4710 5313 -5969
A 7700 - 8160 -8160 8171 —1307 - 6000 6000 +1893
" 3 8110 - 7240 <7240 7256 —2015 - 1870 - 1870 - 1657
o 10 7492 - 4420 4433 +4154 —2228 - 1930 1765 - 1657
14 7106- 4460 - 4499 <4843 —1846 - 6650 16924 6998
# 5-4. A2 A 2 ZHNEE J|FES8|R
aAX ayY
g NG 3 Iy A c A C
s 1 0.0000 +0.0030 0.0000 —0.0030
) 3 0.0000 —0.0004 0.0000 +0.0037
o} 10 —0.001888 —0.0186 —0.0283 —0.0285
) 14 +0.0231 +0,0232 +0.0330 +0.0324
a} 15 +0.0024 +0.0017 +0.0403 40,0407
16 +0.0291 +0.0367 +0.0603 +0.0546
MSE 30.0120 +0.0086 +0.0242 +0.0147
A 1 0.0000 +0.0011 0.0000 +0.0031
w 3 0.0000 +0.0016 0.0000 —0.0023
o 10 —0.0013 —0.00279 —0.0165 +0.0108
g 14 +0.0161 +0.0344 +0.0274 —0.0074
MSE +0.0114 +0.0128 +0.0226 +0.0039

SR B ~60~



= 5-5 2LXENRILA

&9 om

= = omax omin Q
4 A A C A C A C
15.7 7.3 144° 03’ 28”
+ 3 14.8 9.0 167° 207 01”
4 10 17.1 15.6 8.8 7.6 2°46” 53" 174° 14" 14"
125 14 19.6 19.2 7.0 11.4 1159° 04’ 49” 144° 00" 32"
B 15 24,2 13.8 11.8 5.6 9°38’ 37" 31°30"09”
= 16 21.9 13.8 9.1 9.7 170° 19’ 00” 38° 147 45"
MSE 24,1 18.2 10.8 10.2
1 5.3 5.0 4°58" 24"
A 3 5.6 4.9 36°37°25" 7
d 10 12.8 6.5 11.2 4.9 139° 31" 28” 162° 43’ 05”
K 14 8.1 5.8 7.6 4.9 9° 15" 02” 9°46” 18"
MSE 15.1 8.7 13.5 6.9

FREMEHS BRE FIAI ZE5EA o
HfEgRY e 2

A HEEFEES 18 BESES
sl b3 R,

(e Ao =
a8l 5-2. el sty
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K el A iz MR AES  HaERE
BHES KBS B8 o3 22 &HRs
& 4 Al

1. %% =R Hele] BhigAR
X, YEE7) FHAFE BE FOEEMR0A
35.6%, P4@#EolA 50.5%% IEHE7L LS
et

2. HHEfERE oA BERBES BEX
omax? omin®] FHAFT REL HLEE
ANA omax=24.5%, omin=>5.0% F9:&fHel
A omax=42.4%, omin=49.0%7} 2EEEEHE
ok &% BAEE € 4 AU

3. B ARSI AL KR KE
fEBREN U A HEH BE HEdd 742
Aoz Atgdo.
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