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On the Trilaterlation with Laser Ranger

Mitsuru UEDA, Hiroshi HASEGAWA and Tsugio MATSUNAGA

Abstract

It is possible to measure a long distance with precision by using an electromagnetic wave. Recently

the distance between the triangulation points can be directly measured with Laser Ranger.

In triangulation surveying, the advantages claimed for an electromagnetic ranger are as follows :

(1) In a large triangulation net, the length of the base line itself can be measured without making

the short base line longer by a triangulation net of the base line.

(2)

It is possible to measure all angles and distances.

(3) Distances alone can be measured, by which the co—ordinates of the triangulation points can be

determined.

The variation of ground strains can be observed by the above (2) method. The main purpose of this

study is to make a comparison between the accuracy attained when each of the above three methods

is applied.
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Fig.2 Picture of Laser Ranger V Fig.3 Picture of reflecting mirror

Fig.4 Picture of aneroido barometer
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Fig.5 Picture of psychrometer
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Tablel The relations between accuracy of all

base lines and Vertical angles

Distance Vertical

angle Accuracy
6482. 959 18" 56.2" 1/630,600
7283. 364 28’ 35.6" 1/664,500
10404 . 927 29'10.1 1/788,800
9609. 765 31" 39.0" 1/756,500
3199.541 33 11.9" 1/358,800
6380. 200 51" 51.8 1/574,300
6599.473 1°36' 23.2" 1/486,000
5872.434 1°43' 53.4" 1/449,500
4216.550 1°58 53.8" 1/365,300 !
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Table2 Corrected angle which is obtained by
triangulation

Mi| 721 42 4.2 | R3| 15 5| 11.8

M2| 54| 50| 55.2 | Ty | 37| 35| 39.2

Ms 127 32| 59.3 | T2 | 68| 58 9.1

Ms 103 52| 14.6 | T3 |106| 33| 48.3

Ms |128| 34| 46.1 | O1| 35| 59| 46.7

Ki| 44| 11| 43.7 | Oz | 33| 42| 29.9

K2| 36| 20 2.2 | 03| 31| 56 1.7

Ri| 37| 26| 25.0 | O¢| 65| 38| 31.6

Ra2| 18| 44| 30.7

Table3 Distances of triangulation points

Distance
D 5872. 434
D2 3199.460
D3 9609. 538
Dy 7283.150
Ds 6379.934
Ds 6599. 216
Dy 6482.752
Ds 4216. 686
Dy 10404.715

5. =0

BELLFADOARHERL CZAEORELITLS
DONZMMRTH T, OB, BELORBE
Ty biced, Z2OBUEL % 28X ARIT Fig 1
EBRLTUTOLITHY), Chick-TEHERR
RADEIZHELT 2 &M 2K, FhonEHR %
WET 2L ICELEDHIEEIT 21T & v,

Ok TR RS



82 (286)

s,
cos Ry,= (DZ+D3-D%)/(2 XD;XDy)
cos R,= (D3+D3—D3})/(2 XD,xDs,)
cos R,= (D2+D3%—D?%) /(2 XDsxD,)
cos M;= (D+D2-D2)/(2 XDsgXDy)
cos M,= (D:+D2-D2)/(2 XD,xD;)
cos M= (D3+D%-D?%/(2 XDsxD,)
cos Ms= (D3+Di—D})/(2 XD, XD,)

(5, 1
Lyhug,
R.,—R,—R,=0, M;+M,+M,+M;—360"= 0
(5, 2)

rien, &R (5, 1) 2K (5, 2) KRAT L,
AMEICHET 2EBHORBRNE LB, - T, EREV,
V,, Vo B2 HWT, D=4, —V,, D= £,—V,, Dy =
L=V BEHAWTHEORICHBIIL TN L ) 2%
5.
(Ve/ Ls)cosec T3+ (Vs/ L) (cot T,—cot
Ty) +(V./ L) (cot My—cot M) —(Va/ L)
(cot O,+cot 0,) —(V,/ L) cosec T+ (Vg/
L) cosec Mytw,= (0 cooereeremenneees (5, 3)
— (Ve/ £ 1) cosec Os— (V,/ £ ,)cosec K,— (Vs/
2 ,)cosec T,— (Vs/ L,)cosec Ko+ (Vy/2,)
(cot K,+cot K,)+(V,/£,) (cot Rs;+cot
R,) + (V,/ L) (cot T,+cot T;) +(Vg/ L) (cot
05+C0t 03)+W2:0 ..................... (5’ 4)
L, 0., L, %3, SWLRTH D, 72, w,=
R.—R,—R;, w,=M,+M,+M,+M;—3600TH %,
» (5, 3), (5, 4) MRXEZFERFCHEIELLLD
CH T RDKREFBREMNT, Vi, Vo, Vy, %%
KDELOHMIE%4T% -72. Ry, Ry Rer FHIIBRALL
B, L, 0 ~HZIVEELLAKETHS. L
Fiz ko> Tk btk FEFAid Table 4, F72#IEH
3 Table 5 TH 5.

6. RREAEH

Bl ic THBOMERURBESZOMEZ LT, K
BEFELIDOTHDH, FD2HICIIR, MBEZMAH
DRBEFICHR T BHEERBEEFOME 2 REIEHTE L
T, #OEFEERRDHB I LIk D.

(i) HEERE

TP EIL, EEEPRMBE T3, ZUHE
2 & 2 EABOTARE T - 2R, B, Table 4,
Table 5 % JH\ CHEBEGTE 2 114 - 72, £ Dat8EAUL,
UTnkyicik s,

Vol. 37 No. 2 (1987)

ot e e =X Il

-k K&

Table 4 Angles which were calculated by

trilateration

M| 72| 42 8.9 | Rs| 15 5| 12.4

M; | 127 | 33 8.9 | T2 | 68| 58 1.2

M | 103 ]| 52 1.9 | T3 |106| 33| 35.5

Ms [128| 34| 48.7 | O1| 35| 59| 53.2

Ki| 44 11| 48.5 | Oz | 33| 42| 23.8

Kz2j 36| 19| 58.9 | O3 31| 56 9.6

Ri1| 37| 26| 31.3 | Os4 65| 38| 33.3

R2| 18| 44| 27.3

Table 5 Corrected distances

Distance
D1 5872.404
D2 3199. 591
Ds 9609. 730
Ds 7283.213
Ds 6380. 201
Des 6599. 474
Dr 6482. 958
Ds 4216. 701
Dy 10404 . 896
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Fig.6 Relation of b, d, I

ffEHWZFTAE L S %, 22 THEORE, &
E# (B, L), Kook, g% (B, L), &7
b,

B;=B,+b"—d”, L,=L,+¢"” - (6, 2)
L,

CZIZHwsNnADbY, d”, 172 Fig. 6 I2/R T
T, o EXic&EFN L b7, d7, L AR F s,
BErKE S,

b”= (p”/R) S cos ],
SR={a(1 —e?}/{1 —e2sin*(B,+b/2) }¥2
R D (-t 4 EeR)
Riz, (B,+b/2) o ICxIEs L 2ciFiugse s %
WOT, bRUFOIIIZLTKRD B,
b=1[(p"XS cos J;xW3/{a(l—e?}) (1—
(3/4)e*sin 2 B,XxW,/ {a(1—e2?)} xS cos J,)
€2=0.006674 (e : HELvg)
W,= (1 —e?in’B,)!?
7z,
c”= (p”/N}S sin J,
S Ny=a/(1 —e%in’B;)?=2a /W, (N, :
v R
t”=c¢”Xcos(B,+b)
¢7 {c”/cos(B,+b)} {1—t?/3}
ZITHOLRFIOT U HATH B,
d”= {N,/(2 Ry Xp")} c"Xt”
R 3#EHE B, T /-8l 8 1%

Dhicknkz-722b7, d7, L7% (6, 2)izft

AT B EB,, LK 5, 72, UEoflikyn, Al

83 (287)

Hrifr,d
r,=r1,—t”
TKE 5,
KA DHRAE IR
K=m, 11+ 3 Y?/(6 mixR32)}
LY L REio Y M
Tk 5,
BEDHRELY, TS EREEFEML 2205 Table
6 Tha.

Table6 Obtained table of the Faculty of Engi-
neering triangulation point

The coordi- 1
nate system

The Faculty of Engineering
triangulation point

B= 33 57 12.732 X =—226 629.64

L=131 16 27.724 Y =— 82 462.88
Scale factor=0.999984 H= 46.853
Collimation Adjusted grid Plane Spherical

point azimuth distance distance
Grid azimuth .,
of meridians 0729 54.9 m m

RYUUOUZAN 270° 18 30.4° 9609.730 9609.788
MOMOYAMA 306° 38" 31.3" 3199.591 3199.638
OTOKOYAMA 350°50° 19.8" $872.404 56872.492
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Table? Error of closure in triangle

FH - kAN

Tri- Defferential .of. maximum Error
angle | angle and minimum angle

KMR 113°29° 30.5" 6.0
OMR 108° 48 31.9" 10.8
OMK 71°56 10.5" —-0.8"
OTR 70° 33 59.2" 1.3
OTM 35° 6 32.5" 1.1
TRM 14° 7' 18.0 3.0
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