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A Study on the Determination of 3-Dimensional Position
by Trilateration

=B

A B OB F @& W
Park Woon-Yong Lee Jong-Chool
& BB Fr+
Kim Hee-Gyoo

=

5

HETA S 3RT HBRES AFEE AR 84 2 RiTs 22 e ARt RHRAHAE
A REmBel A Al BEaBkel SN A GERUEED-S WEs RmBse) 3ot MEE RARl teEast
ol 2 Bigel vk, = £ Aol RkRRel A BEBHNEE RUSERY GEHER o8 @
AR, ok o] ¥ MY FHE FFsich

ABSTRACT
Up to date, the ditermination of three dimentional position is performed sperately by horizontal and
vertical adjustment. The purpose of this study is to determine simultaneously three dimentional coordinates
of one unknown point by measuring only three slope distances from one unknown point to three fixed
points. In this study, the adjustment problem for measurement values inclading redundancy is solved by
observation equation and condition equation, and also the characteristic of these two analysis methods is

studied and investigated.
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Fig. 2 3-Dimension trilateration
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Fig. 3 Redundants observation model
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B#s) WE o2 MHEER P, PE BEE
AZ1E KB PolA 72 2"71x9) iR
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2 RKuEk PY BHENS BEY BHoz 2
Al oy EAzk (Table D3 ),

Table 1. Coordinates of control points and slope
distances
STATION X-COORD. Y-COORD. Z-COORD. SLOPE

DISTANCE
P(D) 100.00000 121.60100 103.68200 30.05000
P(2) 115.06300 102.89800 101.37600 32.88000
P(3) 110.28000 92.56300 100.00000 28.87000
P@) 100.00000 100.00000 101.12000 19.20000
P(5) 107.18400 110.15900 102.12100 27.91000

4. BR o EHE
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ZRIT ZAUES A duEFd ot 2
2R Z2WE st 3gmEe X, Y, Z
EE 2 GRBEES AHAA 9L ko P
o EEE A1) 2std t}& (Table 2)9}
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Table 2. Final calculated coordinates

STAINO X.-COORD. Y-COORD. Z-COORD.

1
2

84.66882 100.25110 89.11700
84.49049 97.27496  112.09040

7| &0l 2ANA AF7 whsh o] KBk P
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B O REE HEY & dov 2¥A 2%
735 WEREA 2J3te] fEE oo} o),
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KmEhel EEE Pz, kM BES $
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10*m=Z 3}, FHELIZES (Table 2)8] &
AR 1.28 F 7IAE A7 FREEE &
F 19 A5 48], 29 A 33 RE S
18] A5+ HEGHEE) T},

welx] A KB Pol EEE 29 A -]
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Table 3. The coefficent matrix

a matrix

—.515386 —.809374 .281585
—.929292 —.170744 .327510
—.892397 .163580 . 420558
—.806496 —.141391 .574084
—.811651 —. 460960 .358803

Table 4. The covariance matrix

covariance
matrix




5.018607 —.227553 9.515661
—.227553 1.471923 .389574
9.515662 .389576 19.720560

Table 5. Adjusted lengths and residuals

()
L

X0,Y0,20,QLL
CXsh. €Yy, CZd), LD

L
|

line length(m) residuals(m) LOT -~ SQRT {{X0 - CX1)}** 2 4 (YO - Y{I})** 2 I
L, 30.042283 —.007717 Bl Lo T I
L. 32.870592 —.009408 AT, 1) =(X0—CXd)) /LO)
A(1.2) =(YO—-CYH) /LOI)
L, 28.869856 —-000144 A(1,3) =(20—cz()) / LOD !
L, 19.198322 —.001678
L, 27.927498 017498 | .
A(1,3),EL(1,]),QLL(LI) :
Table 6. Resection Method with Redundant Dis- |
tances ]/—\
Redun | ltera Coordi- Comec  Initil  Adjusted r Ao e e |
dant | tion nate tions Coord. Coord. AQL:AQ*EL,X:QXX*AQ'L - J
No. Vi l
X .504528 84.000000 84.504520 AA=X (11, B=X (2.1), C=X (3,1)
1 Y  .276747 97.000000 97.276750 X0=X0+A4, YO=YO+B, 20=20+C
z .132832 112.000000 112.132800
X0.Y0. 20
X —.002083 84.504520 84.502440
L, | 2 Y —.000267 97.276750 97.276480
Z  —.012579 112.132800 112.120300
X .000001 84.502440 84.502440
3 Y .00001 97.276480 97.276480 (stor )
Z  —.000002 112.120300 112.120300 Fig. 7 Flow chart of Observation eq.
X .502690 84.000000 84.502690
1 Y .283978 97.000000 97.283970 (3) fEfEFIER0l o3 HEER
Z .113516 112.000000 112.113500 & o] RaTe wels gw, 2 5
X —.004277 84.502690 84.498410 A olBZ fEfEHERS] = R=U—3N+6d
L, | 2 Y —.000926 97.283970 97.283050 oatd 2old L, L& fgdes sy
Z  —.017338 112.113500 112.096200 ’ B
t}, o] = uiAAlA Ranghe] HEE G HE
X —.000001 84.498410 84.498410 ® Tz Festd AN AR ol
3 Y —.000004 97.283050 97.283050 .
7 27 = o Areo
Z  —.000022 112.096200 112.096200 <Talfle 100 23, Wne e 432 Table
X 519319 84.000000 84.519320 7, W& (Table§), azia (Table = WE
) ) ) . o
1 Y .286085 97.000000 97.286090 f RS} ot
YA .156081 112.000000 112.156100 Table 7. The coeffcient of forces
X —.002692 84.519320 84.516620 FX 1() —.516125 —.929822 —.893300 —.808143
L. | 2 Y —.000548 97.286090 97.285540 FY 1G) —.809520 —.171018  .163211 —.141993
Z —.014618 112.156100 112.141500 FZ 1()  .278907  .325858  .418781  .571614
X .000001 84.516620 84.516620 FX 2()) —.516125 —.920822 —.893300 —.812361
Ly | 3 Y  .000002 97.285540 97.285540 FY 2() —.809520 —.171018  .163211 —.461211
Z  —.000011 112.141500 112.141500 FZ 2()  .278007  .325858  .418781  .356867




Table 8. The forces

FI1Q —.86848 FI @ —.52434
F1(2) 1.45292 FI (2) —.39814
FL@3) —1.91521 FI(3) —.19202
FI14) —.00168 FI®@ .01750

Table 9. Adjusted lengths and residuals

line length residuals
L1 30.042280 —.007718
L2 32.870590 —.009413
L3 28.869860 ~.000140
14 19.198320 —.001682
L5 27.927500 .017505

Table 10. Finial calculated coordinates

X-COORD. Y-COORD. Z-COORD.
84.51679 97.28561 112.14190
(4) =2
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Fig. 8 The relation between iteration no. and error
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Table 11. Residuals of observation eq. and condi-

tion eq.
line observation eq.  condition eq.
L, —.007717 —.007718
L, ~—.009408 —.009413
L, —. 000144 —.000140
L, —.001678 —.001682
Ls .017498 017505

Table 12. Adjusted coordinates of observation eq.
and condition eq.

coord. ovservation eq.  condition eq.
X 84.516620 84.51679
Y 97.285540 97.28561
Z 112.141500 112.14190
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