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ABSTRACT

This study aims to draw a technique for practical using of GPS surveying to decide the positions of cadastrial
control points. GPS surveying is carried out at cadastrial triangulation points and supplementary control points.
This paper includes characteristics of transformation of WGS84 into Tokyo datum, two dimensional solutions
for GPS baseline vector, and combined solutions of both GPS and terrestrial data. As a results of this study, it is
verifiable that GPS surveying is very efficient to check the existing control network. 2-D network adjustment
technique using GPS baseline vector is applicable to Tokyo datum without coordinate transformation. And it is
expected to improve efficiency by using either rapid-static or stop and go kinematic surveying in cadastrial sur-

veying at small areas.
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297k, zEla =26 diZ GPS AR &3 (static
surveyingy 19961d 49 154, A1&AA]5-2H(rapid-
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19961 49 1642 A&ty PDOP 70)5}e] AR
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T 1. GPS &2 E1} AFRE $AI7] MR

Project No. of point Max. dist.

Occupation time(KST) Receiver type & accuracy

Primary & Secondary 7 47 km

Triangulation Point

Trimble

4000 SST

* 5 mm+1 ppm

« 1”+5/base line in km

1991-8-6 12:05~16:05
1991-8-7 12:01~16:01
1991-8-8 11:57~15:57
1991-8-9 11:53~15:53
1991-8-10 11:49~15:49
1991-8-11 11:45~15:45
1991-8-12 11:41~15:41

<7 sessions><240 min>

Cadastral Control Point 13 15 km

1996-3-10 08:00~09:00
10:30~11:30
13:00~14:00
15:00~16:00
17:30~18:30

1996-3-11 08:00~09:00
10:30~11:30

<7 sessions> <60 min>

Trimble
4000 SSE

Static GPS 0.1 km

* 5 mm+1 ppm

1996-4-15 08:00~19:30 « 1" +5/base line in km

<10 sessions> <60 min>

Suplementary
Control Point

Rapid-Static 19 0.4 km

1996-4-16 13:00~14:40
<8~15min>

Stop & Go 04 km

1996-4-16 16:00~17:17
<2 min>
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No. of Points

point DJ12 | CI25 | KJ22 | NS21 | KS24 | IW24 | SR11
7 OlO0O!lO0j10O0J0O0 0| O
6 OlO0o;O0}j0]0]0O X
5 0l0 0O x (ONE I ®) X
3 O @) @] X X X X

a8 1. HEHEN ARRE JIEY o fIXlE

2. 7|1EF 50 ME 78Ees

No. of point AX(m) AY(m) AZ(m) ol() o2(’) o3() s
7 129.8124 -496.3007 -673.3276 -3.2881 -3.7861 3.0018 0.99999704
6 130.6432 -496.3372 -674.0535 -3.3467 -3.9185 3.0211 0.99999717
5 109.1893 -474.9251 -649.1477 -2.2985 -2.0950 2.3533 0.99999106
3 118.1859 -449.0752 -703.8721 -2.8440 -3.5424 0.6802 0.99999423

(From WGS84 to Tokyo Datum)
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~ 00154
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00051

-0.005

0.0101

diff:

00157

701 M6 JS22 JS23 JS26 JS27 JY30 JYA JSYR
Cadastral control points
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differences of coordinates (arcsec)
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0025 T Y T T T T T T
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Cadastral control points
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Cadastral control points
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Cadastral control points
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3. XHa2tE0| Chst ziEdatnel 7|ENne)
- T EEX} Ul

E 4. NEAZFO| chEt ZtEEEziniel J1EMn0|
WX ZER Hi®

Points Com(fue;x,)’t)ional Tran(ts),f(,z;med g;fcf) Poinis Conv((;r:;ional Tranzrfr(l))rmed l?rlnfi
01 v 3620 01.528 36 20 01.530 -0.002 ¥T01 X 315185.800 315185.826 -0.026
A 127 25 57.609 127 25 57.616 -0.007 Y 238841.480 238841.649 -0.169
IT08 36 17 47.078 36 17 47.091 -0.013 708 311053.120 311053.480 -0.360*
127 27 34.434 127 27 34.473 -0.039* 241275.670 241276.631 -0.961*
D42 36 21 57.371 36 21 31.912 25.459* D42 317964.810 317964.870 0.060
127 25 38.378 127 24 57.366 41.012* 237327.360 237327225 0.135
2 36 18 01.075 36 18 10.573 -9.498* 2 311468.500 311759.750 -291.250*
127 25 13.355 127 24 59.901 13.454* 237754.170 237417.154 337.016*
116 36 19 33.505 36 19 33.502 0.003 1516 314318.810 314318.670 0.140
127 25 27.590 127 25 27.608 -0.018 238096.680 238097.137 -0.457
1522 36 20 19.507 36 20 19.500 0.007 1522 315716.440 315716.426 0.014
127 22 13.087 127 22 13.083 0.004 233240.310 233240.413 -0.103
1$23 36 18 18.730 36 18 18.721 0.009 1523 311996.860 311996.759 0.101
127 22 42.142 127 22 42.149 -0.007 233979.670 233979.737 -0.067
1526 36 18 30.789 36 18 30.773 0.016 1526 312365.410 312365.212 0.198
127 22 11.083 127 22 11.088 -0.005 233203.370 233203.477 -0.107
1827 36 19 23.123 36 19 23.128 -0.005 1827 313980.270 313980.317 -0.047
127 22 26.715 127 22 26.712 0.003 233586.970 233586.974 -0.004
Y30 36 21 39.424 36 21 39.422 0.002 Y30 318169.840 318169.732 0.108
127 20 24.583 127 20 24.578 0.005 230526.290 230526.163 0.127
131 36 20 32.206 36 20 32.207 -0.001 Y31 316093.740 316093.735 0.005
127 19 33.492 127 19 33.489 0.003 229259.680 229259.603 0.072
Y32 36 21 35.711 36 21 35.705 0.006 Y32 318046.030 318045.817 0.213
127 18 32.865 127 18 32.861 0.004 227741.750 227741.651 0.099
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321 AL 92304
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¥ 5. SO0l st ZEHHIANL JIENNS| bBlu OIXIF 5,68 ALS)

Poi Conventional(m) Transformed(m) Conven.-Trans.
omns X Y Y X-diff. Y-diff.
1315 8372.343 4051.478 8372.286 4051.385 0.057 0.093
1316 8423.888 4051.506 8423.841 4051.418 0.047 0.088
1317 8477.217 4051.441 8477.171 4051.353 0.046 0.088
1318 8473.413 4142.602 8473.355 4142.519 0.058 0.083
1320 8368.407 4141.774 8368.349 4141.678 0.058 0.096
1326 8701.416 4240.832 8701.340 4240.776 0.076 0.056
1327 8748.866 4240.835 8748.788 4240.784 0.078 0.051
1332 8699.690 4051.420 8699.642 4051.364 0.048 0.056
1344 8658.749 4240.838 8658.679 4240.778 0.070 0.060
1335 8556.394 4063.957 8556.344 4063.887 0.050 0.070
1336 8657.688 4051.455 8657.651 4051.392 0.037 0.063
1337 8653.407 4144.024 8653.352 4143.960 0.055 0.064
1338 8573.830 4144.687 8573.777 4144.615 0.053 0.072
1339 8571.248 4240.845 8571.170 4240.769 0.078 0.076
1340 8479.967 4240.875 8479.904 4240.788 0.063 0.087
1341 8423.550 4240.840 8423.487 4240.748 0.063 0.092
1342 8379.990 4222.056 8379.933 4221.960 0.057 0.096
Mean 0.058 0.076
om) -
i € el
i %
2 §
s H
-0250 0250
o0 @8 a7 13 137 1344 126 138 130 1042 - 1318 1317 120 1327 1344 126 138 1340 1342
116 1318 1326 132 1335 1337 139 1341 1316 1718 1326 1332 1336 1337 1339 134
Cadastral supplementary points Cadastral supplementary points

(a) X-coordinate

(b) Y-coordinate

J8 4. FHFEHE0 AIRE JIFF 0l mE =2Fe| X=XEA Bl

977,000(1 ppm)?} ¥ AW Tl F5= ).

71& ARz Aele 2AAAE HF2EA
Tz RE] AkEeln 3apdE T gl os) o xr)
I3 o= 9= U122 A4" S48 A
At olE F A2 Re AL AE AR
v 23 AL 23 63 Rt

23 60llA e} 2ol 197) Al A&l Hol 24 cm7}
2 2] M-S pold, Y Al 11.6 cmE HFHA

3.3 kmel| th3}ed 35 ppme) AU EE 71X o, oF 729
Zk 8 atel| s iict.

322 =239 AA8A

a7 79} ko] FAIH =2l i3k GPS7| e R
Be £97g)et w7k diabrge] gAasleg LGH
HFAA N o] A9} ZHe] P2 Tt

o]elzto] Qoizl Aele} Zholl 2§t E o] FF
AR T 1/146,000, A 1/30,0000) 442 F-L A
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H 6. GPSTIMHIE|Z FME Hgtalo] AiFLE

Traverse Closure error(m) Precision Traverse Closure error(m) Precision
JY30-JY31-7Y32 0.003 1/1,844,000 JS22-1T01-JD42 0.007 1/1,270,000
JY30-JY22-1Y32 0.003 1/2,248,000 JS22-1J16-JT01 0.007 1/1,119,000
JY30-JD42-JY31 0.008 1/1,414,000 JJ16-JT07-1J12 0.031 1/160,000
TY30-1S27-TY22 0.010 1/682,000 JI12-JT08-JT07 0.034 1/178,000
JY30-1826-¥Y27 0.010 1/697,000 JJ17-1312-1223-1827 0.051 1/160,000

Mean 1/977,000
1330 1327
1333
1332 1328
1337 1334
1338 e
1328 1339
1335
057 1317 1318 —p1340
0.4 /
E q 1318 4 21341
g o \ //
S
f:”‘ 1342
: 1315 1320
o
9 a8 7. GPSTIMYEIAEO AISE S2AHUT
.g
g 0.030+
= o
Qa1 0.0204

Baseline number 0.0104

8 6. GPST|MU|E|et XIAMSSHIOIEIY] UXNE

Trrestrial - GPS distances (m)

0.0004
AHgle| dlm
<oiod
=2 S9EE-S 4 5 Yot oo0]
GPSYIAME 23] AL Aelsh 9] 19 1
2;‘(],_%1 éﬂ»uol-}_zg% 7{3}9_}_ 7_}0” q]?l. A]_xd E%g-i]' o 1234667 80101112131415161718192021 222324 252627

Baseline number
S A 3 mmel ppm, 05 secd HESHom, AF g g GrsyjMHESl KASTEOIER] SEYE
AAFE] BELA Lo0delN 3 2 Hzle| vjm
Aol GRSyl o) A 247 A4
rilolste] 14 19 P24l B 2R vlm £z abasapalel A% AAAYe] Sree 5
stk 2770 SAdell el 28 8ol AR whsh 2 glgdeh

o &) 13 mm, HF 5 mmYE| AYEPATe} A 333 GPSEPPE A A3} Yaky w4
o1& vhehiesl, FE3AA e Hel 57 ppme] FY MY 19) B2 BT GPS AR B, 15
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23, olgSatlolete] FAdsM g 2R JAdH
Ble) 2o W he ol 43l £ 13338 7|
o2 3 7 24 HYAFEE Fate] ANSFRA L
2 73 s} vl E4890

GPS A= Zzko)| &3} 7|AWE] = 13335 1330S L
Hog 244 HaAFEEAd st U] A
g FRE AREsIgic). GPS A& A &3 o] 55
2wl Eeptio|ng s A2 rE £
Ale} wpelzbe aka, wRA 13333 1330& 71E

Aoz 7z upatddel gk Alolz-g AL ok, 71
A19] 7] ukg) el Ao zhE- vls}e] 7 ukabal o] Wl
7+-& AASLEEA 13339 7|2HEE V12 4 &
Ao 254885 A&t

E 78 71EAF)et GPSSePE R Ao d FHEA
BE ulmg Avfelct. A 7 718 H
o} AR &2, ASAHR S, o155 47 XY HE
e 2 cmulte g dxjsiw gled, RE &4
oA 4 cm vluke] ufS- }EEF AT Mol gl =

E 7. XIN&ZY GPs&cE SE XY FE Hu

Poi Terrestrial GPS (X-coord.) (m) Difference (cm)
omnts (X-coord.)(m) Static Rapid Stop & Go Terra-Static Terra-Rapid  Terra-Stop & go
1315 8372.343 8372.328 8372.335 8372.350 15 0.8 -0.7
1316 8423.888 8423.881 8423.885 8423.898 0.7 0.3 -1.0
1317 8477.217 8477.212 8477.204 8477.235 0.5 13 -1.8
1318 8473.413 8473.417 8473.408 8473.427 -0.4 0.5 -1.4
1320 8368.407 8368.411 8368.401 8368.397 -0.4 0.6 10
1326 8701.416 8701.418 8701.416 8701.408 -0.2 0 0.8
1327 8748.866 8748.865 8748.857 8748.868 0.1 : 0.9 -0.2
1344 8658.749 8658.758 8658.750 8658.752 -0.9 0.1 -0.3
1337 8653.407 8653.412 8653.419 8653.414 05 -1.2 -0.7
1338 8573.830 8573.835 8573.825 8573.836 -0.5 0.5 -0.6
1340 8479.967 8479.986 8479.963 8479.955 -1.9 0.4 1.2
1341 8423.550 8423.571 8423.542 8423.554 21 0.8 -0.4
1342 8379.990 8380.013 8379.993 8379.980 -2.3 03 1.0
0.9 0.6
. Terrestrial GPS (Y-coord.) (m) Difference (cm)

Points (Y-coord.)(m) Static Rapid Stop & Go Terra-Static Terra-Rapid ~ Terra-Stop & go
1315 4051.478 4051.516 4051.471 4051.458 3.8 0.7 20
1316 4051.506 4051.535 4051.491 4051.494 -2.9 1.5 12
1317 4051.441 4051.457 4051.426 4051.436 -1.6 15 0.5
1318 4142.602 4142.624 4142592 4142.589 2.2 1.0 13
1320 4141.774 4141.809 4141.762 4141.763 -3.5 12 11
1326 4240.832 4240.834 4240.820 4240.817 -0.2 12 1.5
1327 4240.835 4240.833 4240.839 4240.836 0.2 -0.4 0.1
1344 4240.838 4240.844 4240.822 4240.821 -0.6 1.6 1.7
1337 4144.024 4144.027 4144.011 4144.016 -0.3 13 0.8
1338 4144.687 4144.696 4144.665 4144.668 0.9 22 19
1340 4240.875 4240.891 4240.849 4240.847 -1.6 2.6 28
1341 4240.840 4240.864 4240.825 4240.831 -2.4 1.5 0.9
1342 4222.056 4222.085 4222.035 4222.029 2.9 21 2.7

18 15 14
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3.3 GPSs} A AHaulo|ehe] 2l

AyEapol] 213 2t Az deleh, GPSSael &3
e 22ln ol5¢ ZH dlolehE 7t 14

I 7o Comb GPS-CWI

Baseline differences (m)

-00t0

00154

vvvvvvvvvvvvvvvvvvvvvvvvvv

113 15 17 19 A 23 25 27
10 12 14 16 18 20 2 24 28
Baseline number

8 9. GPSHE W XIAS2H|0|EF J2|1 30|
Eloll 28t 2xAA2| dlm

e wAe] 22 A& AAS e, 2 29E v
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X- coordinates (m)

Differences (cm)

Points
Terra* GPS* Comb* A(Terra-Comb) A(GPS- Comb)
1315 8372.343 8372328 8372.336 0.7 -0.8
1316 8423.888 8423.881 8423.884 04 03
1317 8477.217 8477.212 8477214 0.3 -0.2
1318 8473413 8473.417 8473.414 -0.1 0.3
1320 8368.407 8368.411 8368.409 -0.2 0.2
1326 8701.416 8701.418 8701.417 -0.1 0.1
1327 8748.866 8748.865 8748.865 0.1 0.0
1332 8699.690 8699.682 8699.688 0.2 -0.6
1344 8658.749 8658.758 8658.752 -0.3 0.6
1335 8556.394 8556.387 8556.390 0.4 -0.3
1336 8657.688 8657.689 8657.687 0.1 0.2
1337 8653.407 8653.412 8653.407 0.0 0.5
1338 8573.830 8573.835 8573.831 0.1 04
1339 8571.248 8571.250 8571.250 -0.2 0.0
1340 8479.967 8479.986 8479.974 -0.7 12
1341 8423.550 8423.571 8423.558 -0.8 13
1342 8379.990 8380.013 8380.001 -11 12
Mean 0.3 0.5
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E 8. Continued.

Y- coordinates (m)

Differences (cm)

Points
Terra GPS Comb A(Terra-Comb) A(GPS- Comb)
1315 4051.478 4051.516 4051.494 -1.6 22
1316 4051.506 4051.535 4051.519 -13 1.6
1317 4051.441 4051.457 4051.448 0.7 0.9
1318 4142.602 4142.624 4142.612 -1.0 12
1320 4141.774 4141.809 4141.788 -14 21
1326 4240.832 4240.834 4240.832 0.0 0.2
1327 4240.835 4240.833 4240.834 01 -0.1
1332 4051.420 4051.421 4051.421 0.1 0.0
1344 4240.838 4240.844 4240.840 0.2 0.4
1335 4063.957 4063.974 4063.964 0.7 1.0
1336 4051.455 4051.458 4051.456 0.1 0.2
1337 4144.024 4144.027 4144.026 0.2 0.1
1338 4144.687 4144.696 4144.692 0.5 0.4
1339 4240.845 4240.851 4240.849 04 0.2
1340 4240.875 4240.891 4240).882 0.7 09
1341 4240.840 4240.864 4240.851 -1.1 13
1342 4222056 4222.085 4222.070 -14 1.5
Mean 0.7 08

*Terra : Combined angle & distance adjustment, GPS: GPS vector transformation, Comb : GPS vectors+Terrestrial observations
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