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A Study on the Improvement of Accuracy in
Plane Positioning by Trilateration
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ABSTRACT
In this paper a two dimensional network adjustment theory is developed to analyze the plane trila-
teration network of single triangle network, of quadrilateral network, of polygon trilateration network

and of combined network.

The characteristics of error were analysed by developing an error propagation equation for each

form of plane trilateration network.

In case of combined network, the result of error analysis was represented by error ellipses and

gross error detection was carried out by data snooping method.
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Table 1. Abandonment Value of Willingness
Standard
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Willingness Standard(a,) Abandonment Value(K)

0.01% 3.72
0.10 3.29
0.27 3.00
1.00 2.58
5.00 1.96
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Fig. 9 Geometrical form of plane combination
networks

BEE Tilead KPMES EEEG Hiid
& FHEERS 'Rk

& oA BB =2a9d o8 FEs
B BEHERENST HESdR, 4714 v
Q Matrix gt 2 FREFEE ER 9 Sy, Sv &

Fig. 10 The error ellipse of each point

RS dgled, of HRE (Fig. 104 v
el o o}

TIRASHE BACECEZRG] o3 EMEEE 0.
00117m 2 REFIE & 48 5 g9y 44
o Aol o3t FHEMEERY EHEE o,.=0.
00127~0.00255 m, o¢y=0.00116~0.00369 m =
Ve x gEEEel v EERES] EHEEEEVL A v
¥ 2712 Jetgd. =3 BEEE6 A 93
5 BHEY MEREE =77 #Bnse HA
+ Jelx gle, 2% REBEHY Ehad
£ REAHAY =277 o & o2 H#mAE
AL & F ddeh

(3) @AME B

B RS AR A (Fig. 119} 7te)
31,41,11,22,3, PyiA-& HEEsle BAAEEH
HERS BRegdod, Z4RgdAY @k
REHHMES 98 BRY 2298 A4Ldd
B 2 SHe g

BREZE HHES A4 $4 HEKEGW@
3 BEm(Bo) e BEiEe] ol % F23 Baarda
(1968)& a=0.001, Bp=0.81%1 #EBol FEHIZL
22 3.29%& RS

R WA AL BAEEY 27| <& KH

Fig. 11 Model of gross error detection



fEhS #EsE7] 8] Forstner'Vr} #d @
KRz e FAg

Forstner ¥ &% =79 BAAREE 56~200
HAER BRIz K HR A= BRRE
(Accidental error) =A% 99.7%¢ wEHRE zt+
L ##EQ 309 BAREE EHRF - REGHE
ol 4 5¢, 100, 200 & BEIH2H, FEHIE
Baarda 7} BEE 3.29 8 w&Edd 3.72(a=
0.0001, Bo=0.8), 3.00(a=0.0027, Bo=0.8)
2.58(a=0.01, Bo=0.80), 1.96(a=0.05 Bo=
0.8)3} Forstner 7} %3 4.123 5 HH3 #
s BEstgda, & AR BAXREE 30
5a, 100 200 2 F3 & Hi8 6 712 FEAGN A
3 BAREKE REBE Jehio] Hwgheh

EHIZEe] M 2 4.123 91 58 100 9 BX
MEZ FS EB ¥ 24 BARZES BH
Hglen, 30, 509 BRKEE HBHEA B
o} o)} BMRE 3.72, 3.299 EHIES
HRAT HEE et ek 2l EHighe]
3.0, 2.58, 1.96 < B+ 50 o] A BKHE
E BHET = dodoh 9714 30 & BREE E
#E At 72 ez BAlFH o3 B
¥R A Masking 2o o8 RESF o E
BRIl Fig=lo Yte R BARER RS
Aol ol oAl HkSE Z3 Yk

A e A BAR2E 3 ERiBEEDS
= EHLE BBse A 2 }E BER F
o] BRIAER S MR, AEL BT &
BBAHEES A 9% &+ gk

=3 D AL BAREN 5o gkl A8 &
He & di AZF7A FAsALE 3.29(e=
0.001, Bo=0.8)3t} FEKH#i(a) HEEKST =7
A el FEMIE ¢ F Ak

wteld BAEZE A slel FuigEE
BEERY FHANES EEsd ok s, FEAK
# ()3 BWER (B) FA AT BEESH ok
T &+ gt

A WA A BRE sisl £« BAHRE
Bl glel4 2 FiAso]-& Baarda o] A
Z3.298 ¢ &/ A 2 BRKREE W
Wt A& FEAKHES Baarda 9 gad

2% 2 9o 99 509 WAREE Kl
TEEE ¢+ A

6. & MW

* HRE 5ot KEMBRE =& Ef
B mLEE dstd B o3 REMEEEH
< oM a, BEAREANA B4sE BAR
£ HHES d8 HESE HET R o
I Ze fERs a4k
(1) =s8§iE A Data Snooping Jj¥kel] ¢
BARE M =2 98 BERsigd e, A
713 Ffs o2 Baarda o EHgq 3.
29(a=0.001, Bo=0.8)% 50 Z = A& @
KEZE Kl glo] Emtke] "Hoixl=z
A AKHES Baarda 8] guct 23 2A #
#ald 509 BAEEE HHT 5 d&E
A Fch

(2) SBNEe 2 KFMNEE BRESs ==
2% qbEo] EBF, MU, KO #
FIRE KSR, M&iHe) A EmEr BFY
4 & lded, miRe Eil W& #
ZEBERE FE4

2 # X R

1. James. W. Walker, “Adjustment of Trilatera-
tion in the Dimensions”, For presentation to the
International symposium”, in Geometrical Geo-
desy University of Oxford United Kingdom, 2-
8, September, (1973)

2. P.R. Wolf, S.D. Johnson, “Trilateration with
short range EDM Equipment and Comparison
with Triangulation”, Proceeding of A.S.C. M.,
Fall convension, pp.62-76, (1973)

3. J. Clendinning, Principles and use of Surveying
Instruments, Ven Nostrand Reinhold Company,
pp. 46-82, (1979)

4. Schofield, Engineering Surveying, Newnes-
Burrerworths, pp. 124-146, (1979)

5. P. Richardus, Project surveying, North-Holland
Pub. Co., pp.28-44, (1977)

6. E.M. Mikhail and G. Gracie, “Analysis and
Adjustment of Survey Measurements”, Van



10.

i1

Nostrand Reinhold Company,
105, (1981)

B.S. Everitt, and Dunn, “Advanced Methods
of Data Exploration and Modelling”, Heinemann
Educational Books, pp. 143-151, (1983)

R.]. Beckman and R.D. Cook, “Qutliers in
Statistical Data. Technometrics, Vol. 25, No.2,
pp. 119-163, (1983)

S.F. El-Hiakim and H. Ziemann, “A step-by-
step strategy for Gross error Detection”, P.E.
& R.S., val.50, NO.6, pp.713-718, (1984)

P. Hottier, “Thorie de Baarda : Detection des
Fautes et Fiabilite des Estimations et ses App-
lications en photogrammetric”, S.F.P.T., Bul.
No. 84, pp.5-20, (1981-4)

W. Forstner, “The Reliability of Block Trian-
gulation”, P.E. & R.S., vol. 51, No. 6, pp. 1137

pp. 1-12, pp.59-

12.

13.

14.

15.

16.

~1149, (1985)

J.J. Kok, “On Data Snooping and Multiple Ou-
tlier Testing”, NOAA Technical Report, NOS
NGS 30, pp.1-61, (1984)

L. Gruending, Interaction of Criteria of Accu-
racy and Realibility an its Inplication for the
Design of Engineering Survey Control Networks.,
XVIII Congress, pp.249-267, (1986)

H.B. Papo. and D. Stelzer, Relative Error
Analysis of Geldetic Networks, ASCE, pp.133-
139, (1986)

BHE—I, REEES SHEEE,
pp. 15-21, (1983)

P.R. Wolf, Adjustment computations, (2/e),
P.B.L. Publishing Co, pp. 117-142, pp. 207-222,
(1980)

AEHERS



