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4-4 FGCS GPS
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4-2-3 GPS

Leica Javad

GPS
001K 002K 004K 007K
013K
RINEX
000K
BERNESE 4.2
000K L1&L2 L3
000K 000K
001K I TRF2000
QIF
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180

BERNESE 4.2

L3
| TRF2000

GPS

codspp

Bernese

GPS
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000K
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180
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GPS
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GPS

GPS

GPS

GPS
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Trimble 4000SS| GPS
5 mm+1 ppm Trimble

Choke Ring Antenna

GPS
000K 000K
IGS 3 1 3 17 15
Bernese 000K 15
5-1
000K 15 1
cm
000K

(c m)

—o—d X

—=—d Y
-4 -d 7

60 61 6 2 63 64 65 66 67 68 70 71 72 73 74 75
DOY

5-1 000K

29



5-1 000K

DOY X Y V4

60 -2963258.0248 5013712.7578 2592359.7736
61 -2963258.0323 5013712.7545 2592359.7666
62 -2963258.0179 5013712.7421 2592359.7664
63 -2963258.0322 5013712.7439 2592359.7682
64 -2963258.0355 5013712.7608 2592359.7717
65 -2963258.0227 5013712.7593 2592359.7751
66 -2963258.0187 5013712.7522 2592359.7710
67 -2963258.0271 5013712.7465 2592359.7712
68 -2963258.0338 5013712.7517 2592359.7730
70 -2963258.0391 5013712.7470 2592359.7742
71 -2963258.0175 5013712.7357 2592359.7613
72 -2963258.0258 5013712.7611 2592359.7684
73 -2963258.0316 5013712.7375 2592359.7683
74 -2963258.0249 5013712.7443 2592359.7606
75 -2963258.0190 5013712.7526 2592359.7657

-2963258.0269 5013712.7498 2592359.7690

(m)
0.6949 0.8174 0.4410

(cm)
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(cm)

001K 002K 004K 007K 013K

000K 3
5-2
3 1cm
001K 002K 004K 007K 013K
5-2
001K 002K 00 4 K 007K 013K

-k--d Z

60 61 62 6 3 6 4 65 6 6 67 68 70 71 72 73 74 75
D&

5-2 001K,002K,004K,007K,013K
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5-2 001K,002K,004K,007K,013K

X Y Z
001K (m) -2962843.8049 |5013752.8024 | 2592830.5113
0.1097 0.1617 0.2108
(cm)
002K (m) -2964179.7254 {5012361.2935| 2593743.7784
0.1365 0.2845 0.2228
(cm)
004K (m) -2966182.1854 {5011228.1794| 2593394.3136
0.2196 0.3143 0.2597
(cm)
007K (m) -2968907.6238 [5012646.1882| 2587503.2069
0.2787 0.7326 0.8798
(cm)
013K (m) -2969893.5026 |5015295.3795| 2581317.7637
0.1442 0.2043 0.2483
(cm)
5-3
GPS
ZEISS DINI

0.3 mm
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A B CDEFG

5-3
5-3

m m m m m
A 1.30930 0
B 1.33992 | 1.31268 -0.00338 -0.00335 -0.00335
C 1.36561 | 1.35422 -0.01430 -0.01427 -0.01762
D 1.34071 | 1.36983 -0.00422 -0.00419 -0.02181
E 1.31539 | 1.34029 0.00042 0.00045 -0.02136
F 1.29921 | 1.30782 0.00757 0.00759 -0.01377
G 1.33067 | 1.30126 -0.00205 -0.00203 -0.01580
A 1.31489 0.01578 0.01580 0

9.30081 | 9.30099 | -0.00018 0 0
32m
20™xF F
-0.18 mm 0.35 mm
88
GPS
5-4 GPS 0.20 mm

2.15mm
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GPS

5-4  GPS
GPS GPS GPS
m m m mm
A 106.3517 0 0 0
B 106.3462 -0.0055 -0.00335 -2.15
C 106.3329 -0.0188 -0.01762 -1.18
D 106.3309 -0.0208 -0.02181 1.01
E 106.3301 -0.0216 -0.02136 -0.24
F 106.3396 -0.0121 -0.01377 1.67
G 106.3357 -0.0160 -0.01580 -0.20
o-4 GPS
Leica Javed
3 21 22
8 4
DOY 1.5~25
000K
BERNESE
4.2 000K L1&L2 L3




000K 000K

001K
I TRF2000
QIF SAASTAMOINEN
NGS
180
NML1
GPS TNML
BERNESE 4.2 000K
L3 NML1
I TRF2000
180
GPS Bernese 4.2
codspp GPS
Bernese

GPS
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GPS 22 15
LEICA SR530 75 £10 RH
30548
11
000K D @) =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2963258.0269 -2963258.0218 51 5.6
Y 5013712.7498 5013712.7548 5.0 5.6
z 2592359.7690 2592359.7636 -5.4 5.6
1
000K -001K (1) 2 =(2)-(1)
(m) (m) (mm) (mm)
S 628.3171 628.3127 -4.4 5.6 |
12
000K D @) =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2963258.0269 -2963258.0349 -8.0 88.7
Y 5013712.7498 5013712.7737 23.9 88.7
VA 2592359.7690 2592359.7781 9.1 88.7
= ||
NML 1-000K (1) ) =(2)-(1)
(m) (m) (mm) (mm)
S 83724.8225 83724.8269 44 88.7
*NML1 GPS
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180°

2.1
000K (o 2 =(2-(D)
ITRF2000 (m) (m) (mm) (mm)
X 29632580269 | -2963258.0216 53 5.6
Y 5013712.7498 | 5013712.7520 22 56
z 25023597690 | 2592359.7643 47 5.6
000K -001K 0 @) =(2)-(1)
(m) (m) (mm) (mm)
| s 628.3171 628.3137 34 56
2.2
000K (1) 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2963258.0269 | -2963258.0433 -16.4 88.7
Y 5013712.7498 | 5013712.7820 322 88.7
z 25023507690 | 2592359.7822 132 88.7
e ——————] |
NML 1-000K (1) ) =(2)-(2)
(m) (m) (mm) (mm)
s 83724.8225 83724.8263 38 88.7
:NML1 GPS
3. GPS -0.000000038
5 mm _1x10°x D
1 D
GPS 1
GPS 10°
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GPS 22 15
LEICA SR530 75 +10 RH
30538
11
001K () @ =(-()
ITRF2000 (m) (m) (mm) (mm)
X -2962843.8049 -2962843.7998 51 5.6
Y 5013752.8024 5013752.8074 5.0 5.6
Z 2592830.5113 2592830.5059 -5.4 5.6
1
000K -001K (1) 2 =(2)-(1)
(m) (m) (mm) (mm)
S 628.3171 628.3127 -4.4 5.6 |
1.2
001K (1) 2 =(2)-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2962843.8049 -2962843.8201 -15.2 88.5
Y 5013752.8024 5013752.8240 21.6 88.5
Z 2592830.5113 2592830.5231 11.8 88.5
= ||
NML1-001K (1) ) =(2)-(1)
(m) (m) (mm) (mm)
S 83472.2933 83472.2925 -0.8 88.5
:NML1 GPS
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180°

2.1
001K (o (2 =(2)-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2062843.8049 | -2962843.7996 5.3 5.6
Y 5013752.8024 | 5013752.8046 22 5.6
z 25028305113 | 2592830.5066 47 5.6
000K -001K ) @) =(2)-(1)
(m) (m) (mm) (mm)
l s 628.3171 628.3137 34 5.6
2.2
001K (1) 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2962843.8049 | -2962843.8288 239 885
Y 5013752.8024 | 5013752.8283 25.9 885
z 25028305113 | 2592830.5265 15.2 885
e ——————] |
NML 1-001K (1) ) =(2)-(2)
(m) (m) (mm) (mm)
s 83472.2933 83472.2903 3.0 885
:NML1 GPS
3. GPS 0.000000004
5 mm _1x10°x D
1 D
GPS 1
GPS 10°
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GPS 22 5
LEICA SR530 75 10 RH
30560
11
002K (1) ) =(2)-()
ITRF2000 (m) (m) (mm) (mm)
X -2964179.7254 -2964179.7220 34 7.1
Y 5012361.2935 5012361.2990 55 7.1
Z 2593743.7784 2593743.7719 -6.5 7.1
1
000K-002K (1) 2 =(2)-(2)
(m) (m) (mm) (mm)
S 2142.7656 2142.7600 -5.6 7.1 |
1.2
002K ) B =-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2964179.7254 -2964179.7369 -11.5 86.7
Y 5012361.2935 5012361.3262 32.7 86.7
Z 2593743.7784 2593743.7990 20.6 86.7
=—_———— ||
NML 1-002K (1) ) =(2)-(1)
(m) (m) (mm) (mm)
S 81653.8829 81653.8822 -0.7 86.7
:NML1 GPS



180°

2.1
002K (o (2 =(2)-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2964179.7254 | -2964179.7190 6.4 71
Y 5012361.2935 | 5012361.3005 7.0 71
z 2503743.7784 | 2503743.7784 0.0 71
000K -002K ) @) =(2)-(1)
(m) (m) (mm) (mm)
l s 2142.7656 2142.7599 57 71
2.2
002K (1) 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2964179.7254 | -2964179.7533 -27.9 86.7
Y 5012361.2935 | 5012361.3470 535 86.7
z 25037437784 | 2593743.8096 31.2 86.7
e ——————] |
NML 1-002K (1) ) =(2)-(2)
(m) (m) (mm) (mm)
s 81653.8829 81653.8816 13 86.7
:NML1 GPS
3. GPS -0.000000046
5 mm _1x10°x D
1 D
GPS 1
GPS 10°
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GPS 22 +5
LEICA SR530 75 +10 RH
30682
11
004K ) @ =(2)-(1)
ITRF2000 (m) (m) (mm) (mm)
X 2066182.1854 | -2966182.1773 8.1 9.0
Y 5011228.1794 5011228.1840 4.6 9.0
z 2503304.3136 | 2593394.3054 8.2 9.0
000K -004K ) ) =(2-(1)
(m) (m) (mm) (mm)
l s 3974.1761 3974.1689 7.2 9.0
12
004K @ 2 =2-()
ITRF2000 (m) (m) (mm) (mm)
X -2966182.1854 | -2966182.2010 -15.6 85.9
Y 5011228.1794 5011228.1974 18.0 85.9
z 25033943136 | 2593394.3191 55 85.9
N — ||
NML 1-004K L) ) =(2)-(1)
(m) (m) (mm) (mm)
s 80871.4674 80871.4696 2.2 85.9
:NML1 GPS

42




180°

2.1
004K 1 2 =(2-(D)
ITRF2000 (m) (m) (mm) (mm)
X -2966182.1854 | -2966182.1765 8.9 9.0
Y 5011228.1794 | 5011228.1847 53 9.0
z 25033943136 | 2593394.3055 8.1 9.0
000K -004K ) ) =(2)-(1)
(m) (m) (mm) (mm)
| s 3974.1761 3974.1677 8.4 9.0
2.2
004K (1) 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2966182.1854 | -2966182.2157 -303 85.9
Y 50112281794 | 5011228.2157 36.3 85.9
z 25033943136 | 2593394.3316 18.0 85.9
e ——————] |
NML 1-004K (1) ) =(2)-(2)
(m) (m) (mm) (mm)
s 80871.4674 80871.4666 08 85.9
:NML1 GPS
3. GPS -0.000000590
5 mm _1x10°x D
1 D
GPS 1
GPS 10°



GPS 22 15
LEICA SR530 75 +10 RH
30690
11
007K 1) 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2968907.6238 -2968907.6340 -10.2 125
Y 5012646.1882 5012646.1974 9.2 125
Z 2587503.2069 2587503.2158 8.9 125
1
000K -007K (1) 2 =(2)-(2)
(m) (m) (mm) (mm)
S 7526.0676 7526.0773 9.7 125 |
1.2
007K (1) 2 =(2)-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2968907.6238 -2968907.6556 -31.8 91.0
Y 5012646.1882 5012646.2255 37.3 91.0
Z 2587503.2069 2587503.2259 19.0 91.0
= ||
NML1-007K ) ) =(2)-(2)
(m) (m) (mm) (mm)
S 85970.6389 85970.6380 -0.9 91.0
:NML1 GPS



180°

2.1
007K (o 2 =(2-(D)
ITRF2000 (m) (m) (mm) (mm)
X -2968907.6238 | -2968907.634 9.7 125
Y 5012646.1882 5012646.196 8.0 125
z 2587503.2069 2587503.214 72 125
000K -007K 0 @) =(2)-(1)
(m) (m) (mm) (mm)
| s 7526.0676 7526.0766 9.0 125 |
2.2
007K (1) 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2968907.6238 | -2968907.6529 291 91.0
Y 5012646.1882 | 5012646.2247 365 91.0
z 2587503.2069 | 2587503.2241 172 91.0
e ——————] |
NML 1-007K (1) ) =(2)-(2)
(m) (m) (mm) (mm)
s 85970.6389 85970.6395 0.6 91.0
:NML1 GPS
3. GPS -0.000000032
5 mm _1x10°x D
1 D
GPS 1
GPS 10°
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GPS 22 +5
LEICA SR530 75 +10 RH
30494
11
013K 1) @ =(2)-(1)
ITRF2000 (m) (m) (mm) (mm)
X 20608935026 | -2969893.5078 5.2 18.0
Y 5015295.3795 | 50152953725 7.0 18.0
z 2581317.7637 | 2581317.7657 2.0 18.0
000K -013K (1) %) =(2)-(1)
(m) (m) (mm) (mm)
|| s 12979.2194 12979.2195 0.1 18.0
12
013K @ 2 =2-()
ITRF2000 (m) (m) (mm) (mm)
X 29698935026 | -2969893.5126 -10.0 97.4
Y 5015295.3795 | 50152953931 136 97.4
z 2581317.7637 | 2581317.7737 10.0 97.4
N — ||
NML1-013K L) ) =(2)-(1)
(m) (m) (mm) (mm)
s 92388.1128 92388.1102 2.6 97.4
:NML1 GPS
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180°

2.1
013K 1 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X 29698935026 | -2969893.5124 938 18.0
Y 5015295.3795 | 5015295.3815 2.0 18.0
z 2581317.7637 | 2581317.7685 48 18.0
000K-013K Q) @) =(2)-(1)
(m) (m) (mm) (mm)
| s 12979.2194 12979.2205 11 18.0
2.2
013K 1 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2969893.5026 | -2969893.5268 242 97.4
Y 5015295.3795 | 5015295.4117 32.2 97.4
z 2581317.7637 | 2581317.7832 195 97.4
NML 1-013K 1) ) =(2)-(1)
(m) (m) (mm) (mm)
|| s 92388.1128 92388.1100 2.8 97.4
© NML1 GPS
3. GPS -0.000000003
5 mm _1x10°x D
1 D
GPS 1
GPS 10°
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GPS 22 15
JAVAD ODY SSEY 75 +10 RH
MT311612004
1.1
000K 1 2 =(2)-(2)
ITRF2000 (m) (m) (mm) (mm)
X -2963258.0269 -2963258.0250 1.9 5.6
Y 5013712.7498 5013712.7543 4.5 5.6
Z 2592359.7690 2592359.7683 -0.7 5.6
1
000K-001K (1) 2 =(2)-(1)
(m) (m) (mm) (mm)
S 628.3171 628.3185 14 5.6 |
1.2
000K (1) 2 =(2)-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2963258.0269 -2963258.0043 22.6 88.7
Y 5013712.7498 5013712.7258 -24.0 88.7
Z 2592359.7690 2592359.7533 -15.7 88.7
= ||
NML 1-000K (1) ) =(2)-(1)
(m) (m) (mm) (mm)
S 83724.8225 83724.8267 4.2 88.7
:NML1 GPS



180°

2.1
000K (o 2 =(2-(D)
ITRF2000 (m) (m) (mm) (mm)
X 29632580269 | -2963258.0212 57 5.6
Y 5013712.7498 | 5013712.7534 36 56
z 25023597690 | 2592359.7639 51 5.6
000K -001K 0 @) =(2)-(1)
(m) (m) (mm) (mm)
| s 628.3171 628.3173 0.2 56
2.2
000K (1) 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2963258.0269 | -2963258.0208 6.1 88.7
Y 5013712.7498 | 5013712.7360 -138 88.7
z 25023507690 | 2592359.7632 58 88.7
e ——————] |
NML 1-000K (1) ) =(2)-(2)
(m) (m) (mm) (mm)
s 83724.8225 83724.8208 17 88.7
:NML1 GPS
3. GPS -0.010451058
5 mm _1x10°x D
1 D
GPS 1
GPS 10°
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GPS 22 +5
JAVAD ODY SSEY 75 +10 RH
MT300203319
11
001K @ 2 =(2)-()
ITRF2000 (m) (m) (mm) (mm)
X -2062843.8049 | -2962843.8030 19 56
Y 5013752.8024 | 5013752.8069 45 5.6
z 2502830.5113 2592830.5106 0.7 5.6
000K -001K (1) B =(2)-(1)

(m) (m) (mm) (mm)
|| s 628.3171 628.3185 14 56 |
12

001K @ 2 =2-()
ITRF2000 (m) (m) (mm) (mm)
X -2962843.8049 | -2962843.7889 16.0 88.5
Y 5013752.8024 | 5013752.7862 162 88.5
z 25028305113 |  2592830.4989 -12.4 83.5
N — ||
NML1-001K L) ) =(2)-(1)

(m) (m) (mm) (mm)

s 83472.2033 83472.2078 45 88.5
:NML1 GPS
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180°

2.1
001K 1 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2962843.8049 | -2962843.7992 5.7 5.6
Y 5013752.8024 | 5013752.8060 36 5.6
z 25028305113 | 2592830.5062 51 5.6
000K -001K Q) @) =(2)-(1)
(m) (m) (mm) (mm)
| s 628.3171 628.3173 0.2 5.6
2.2
001K (1) 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2962843.8049 | -2962843.8032 17 885
Y 5013752.8024 | 5013752.7954 7.0 885
z 25028305113 | 2592830.5074 -39 885
e ——————] |
NML 1-001K ) ) =(2)-(1)
(m) (m) (mm) (mm)
s 83472.2933 83472.2928 05 885
:NML1 GPS
3. GPS 0.000000000
5 mm _1x10°x D
1 D
GPS 1
GPS 10°
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GPS 22 15
JAVAD ODY SSEY 75 £10 RH
MT301823433
11
002K D @ =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2964179.7254 -2964179.7270 -1.6 7.1
Y 5012361.2935 5012361.2997 6.2 7.1
VA 2593743.7784 2593743.7741 -4.3 7.1
1
000K -002K (1) 2 =(2)-(1)
(m) (m) (mm) (mm)
S 2142.7656 2142.7620 -3.6 7.1 |
12
002K D @) =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2964179.7254 -2964179.6885 36.9 86.7
Y 5012361.2935 5012361.2742 -19.3 86.7
VA 2593743.7784 2593743.7486 -29.8 86.7
= ||
NML 1-002K (1) ) =(2)-(1)
(m) (m) (mm) (mm)
S 81653.8829 81653.9042 21.3 86.7
:NML1 GPS
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180°

2.1
002K (o 2 =(2-(D)
ITRF2000 (m) (m) (mm) (mm)
X -2964179.7254 | -2964179.7183 71 71
Y 5012361.2935 | 5012361.2997 6.2 71
z 2503743.7784 | 2593743.7707 7.7 71
000K -002K 0 @) =(2)-(1)
(m) (m) (mm) (mm)
| s 2142.7656 2142.7590 6.6 71
2.2
002K (1) 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2064179.7254 | -2964179.7211 43 86.7
Y 5012361.2935 | 5012361.2925 -1.0 86.7
z 25037437784 | 25937437677 -10.7 86.7
e ——————] |
NML 1-002K (1) ) =(2)-(2)
(m) (m) (mm) (mm)
s 81653.8829 81653.8919 9.0 86.7
:NML1 GPS
3. GPS -0.003804135
5 mm _1x10°x D
1 D
GPS 1
GPS 10°
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GPS 22 15
JAVAD ODY SSEY 75 £10 RH
MT310154541
11
004K D @ =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2966182.1854 -2966182.1811 4.3 9.0
Y 5011228.1794 5011228.1828 3.4 9.0
z 2593394.3136 2593394.3082 -5.4 9.0
1
000K -004K (1) 2 =(2)-(1)
(m) (m) (mm) (mm)
S 3974.1761 3974.1713 -4.8 9.0 |
12
004K D @) =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2966182.1854 -2966182.1617 23.7 85.9
Y 5011228.1794 5011228.1715 -7.9 85.9
VA 2593394.3136 2593394.2951 -18.5 85.9
= ||
NML 1-004K (1) ) =(2)-(1)
(m) (m) (mm) (mm)
S 80871.4674 80871.4829 155 85.9
:NML1 GPS



180°

2.1
004K (o 2 =(2-(D)
ITRF2000 (m) (m) (mm) (mm)
X -2966182.1854 | -2966182.1792 6.2 9.0
Y 50112281794 | 5011228.1807 13 9.0
z 25033943136 | 2593394.3048 838 9.0
000K -004K 0 @) =(2)-(1)
(m) (m) (mm) (mm)
| s 3974.1761 3974.1675 .86 9.0
2.2
004K (1) 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2966182.1854 | -2966182.1795 5.9 85.9
Y 5011228.1794 | 5011228.1801 0.7 85.9
z 25033943136 | 2593394.3037 9.9 85.9
e ——————] |
NML 1-004K (1) ) =(2)-(2)
(m) (m) (mm) (mm)
s 80871.4674 80871.4770 96 85.9
:NML1 GPS
3. GPS -0.002923922
5 mm _1x10°x D
1 D
GPS 1
GPS 10°
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GPS 22 15
JAVAD ODY SSEY 75 +10 RH
MT301301917
1.1
007K () @ =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2968907.6238 -2968907.6327 -8.9 125
Y 5012646.1882 5012646.1972 9.0 12.5
Z 2587503.2069 2587503.2143 7.4 12.5
1
000K -007K (1) 2 =(2)-(1)
(m) (m) (mm) (mm)
S 7526.0676 7526.0729 53 125 |
1.2
007K € @) =(2)-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2968907.6238 -2968907.5989 24.9 91.0
Y 5012646.1882 5012646.1791 -9.1 91.0
Z 2587503.2069 2587503.1884 -18.5 91.0
= ||
NML1-007K (1) ) =(2)-(1)
(m) (m) (mm) (mm)
S 85970.6389 85970.6535 14.6 91.0
:NML1 GPS
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180°

2.1
007K 1 2 =(2-(D)
ITRF2000 (m) (m) (mm) (mm)
X -2968907.6238 | -2968907.6304 6.6 125
Y 5012646.1882 | 5012646.1969 8.7 125
z 2587503.2069 | 2587503.2181 11.2 125
000K -007K ) ) =(2)-(1)
(m) (m) (mm) (mm)
| s 7526.0676 7526.0594 8.2 125
2.2
007K (1) 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2968907.6238 | -2968907.6184 5.4 91.0
Y 5012646.1882 | 5012646.1895 13 91.0
z 2587503.2069 | 2587503.1991 78 91.0
e ——————] |
NML 1-007K (1) ) =(2)-(2)
(m) (m) (mm) (mm)
s 85970.6389 85970.6470 8.1 91.0
:NML1 GPS
3. GPS 0.000000000
5 mm _1x10°x D
1 D
GPS 1
GPS 10°
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GPS 22 +5
JAVAD ODY SSEY 75 +10 RH
MT300222425
11
013K 1) @ =(2)-(1)
ITRF2000 (m) (m) (mm) (mm)
X 20608935026 | -2969893.4942 8.4 18.0
Y 5015295.3795 | 5015295.3814 19 18.0
z 2581317.7637 | 2581317.7516 121 18.0
000K -013K (1) %) =(2)-(1)

(m) (m) (mm) (mm)
|| s 12979.2194 12979.2299 105 180 |
12

013K @ 2 =2-()
ITRF2000 (m) (m) (mm) (mm)
X -2060893.5026 |  -2969893.4700 326 97.4
Y 5015295.3795 | 50152953594 201 97.4
z 2581317.7637 | 2581317.7404 233 97.4
N — ||
NML1-013K L) ) =(2)-(1)

(m) (m) (mm) (mm)

s 92388.1128 92388.1263 135 97.4
:NML1 GPS
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180°

2.1
013K (o (2 =(2)-(1)
ITRF2000 (m) (m) (mm) (mm)
X 29698935026 | -2969893.4941 85 18.0
Y 5015295.3795 | 5015295.3651 -14.4 18.0
z 2581317.7637 | 2581317.7728 9.1 18.0
000K -013K ) @) =(2)-(1)
(m) (m) (mm) (mm)
l s 12979.2194 12979.2091 -103 18.0
2.2
013K (1) 2 =(2-(1)
ITRF2000 (m) (m) (mm) (mm)
X -2969893.5026 | -2969893.4908 11.8 97.4
Y 5015295.3795 | 5015295.3682 113 97.4
z 2581317.7637 | 2581317.7506 -131 97.4
e ——————] |
NML 1-013K (1) ) =(2)-(2)
(m) (m) (mm) (mm)
s 02388.1128 02388.1194 6.6 97.4
:NML1 GPS
3. GPS 0.000131600
5 mm _1x10°x D
1 D
GPS 1
GPS 10°
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2.3
000K 000K 001K
Bernese 4.2
) ITRF2000
o L1&L2
o QIF
) Saastamoinen
® IGS
24 NML1
GPS Bernese
4.2
) ITRF2000
o L3
o QIF
) Saastamoinen
) IGS
25 GPS Bernese 4.2
codspp GPS
2.6
3.

Trimble 4000SS
3626A16211 3626A16165
D901012 D901013

1. 2001 GPS SURVEY, POINT OF BEGINNING (PO.B.), April 2001.
2. GPS
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3. Beutler G, E. Brockmann, R. Dach, P. Fridez, W. Gurtner, U. Hugentobler, J.
Johnson, L. Mervart, M. Rothacher, S. Schaer, T. Springer, R. Weber, "Bernese
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~3 e GPS AOA GPS

AOA GPS Receiver Accuracy Performance Test
and
Choke Ring Phase Center Tests

1. LongBaseline Testing

Baseline Average Base. Length | Average Error
(m) (m)
AOA1to GOL2 226,577.1164 -0.0023
AOA1lto CAT1 85,238.9418 -0.0011
CAT1to GOL2 263,943.6359 -0.0013

1.1 Processed by AUTO-GIPSY-OASIS |, Choke RingAntenna and precise ephemeris.

1.2 Seven GPS Receivers using the same AOA Choke Ring Antenna.
AOA1l ChokeRing Antenn

R.F. 8-way SPLITTER

w

Two BenchMark, one SNR-8100, three SNR-8000,AOA 1-SNR-8000

MOI1&2, MOI3, MOI4& 586, AOAL
1.3 On Julian Days J142,143,144,145, 146. Reference frame :I TRF96.
1.4 The published specification : H : 2 mm + 0.002 ppm* baseline length
V : 7 mm + 0.01 ppm* baseline length
1.5 Baseline length(J143+J144+J145+J146-4* J142)/4 = Average Error

2. Position Accuracy Testing
Average Accuracy in X =0.000458 Y =0.000594 Z = -0.000148

meters

2.1 0On Julian Days J142,143,144,145, 146. Reference frame :I TRF96.
98



22% (MOIli-AOA1)/6 foreachJulian Days
2.3 Takefive days average

3. Phase Center M easurement

3.1 Test Set Up Calibration
AOAaat WEST(AOA1L) AOAb at EAST baseline length
5/19d&n 0 degrees 18.390504
5/20d&n 180 degrees 18.390613
Total Calibration Phase Center Shift = 0.000109 meters
3.2 Antenna Phase Center Test Measurement Summary
3.2.1 Test Objective: a. Verify that the Antenna are within the specifications.

b. Confirm that there has not been a mgjor change in the antenna performance.

c. Verify the composite L1/L 2 Phase Center of each of the MOI antennas.

3.2.2 DataCaollection: from May 26 through June 26,1999.

AOAaat WEST(AOAL) at EAST baseline length
0 degrees AOAD at 0 degrees
0 degrees AOAD at 90 degrees
0 degrees MOI i at 0degrees
0 degrees MOIli at90degrees ,i =ab,cd

3.2.3 Processed by TSS2

3.24 Phase Center Test Results
6/2& 3 AOADb 0 degrees- 90 degrees = 18.391314- 18.391005 = 0.000309 m
5/28&29 MOla 0 degrees - 90 degrees = 18.392526- 18.390512 = 0.002014 m
5/26&27 MOIb 0 degrees- 90 degrees = 18.391760- 18.390447 = 0.001313m
6/23& 24 MOIlc 0 degrees - 90 degrees = 18.393294- 18.393305 = -0.000011m
6/25& 26 MOla 0 degrees - 90 degrees = 18.394015- 18.392637 = 0.001378 m

Average Phase Center Shift in meters = 0.001005 meters

4. ZeroBaselineTest (ZBT)

4.1 ZBT Description

4.1.1 Eliminate common errors due to multipath, LNA(LOW Noise Amplifier), satellite geometry,
propagation effects etc. cancel in the GPS processing.

4.1.2 Two pairs of receivers are used for this analysis. In this case TurboRouge Receivers are compared
to the BenchMark receivers.

4.1.3 Analyzing :Zero Baseline Data is known as "double differencing".

4.1.4 The TurboRouge produces four measurements from each satellite tracked.

4.1.5 The BenchMark produces all six possible measurements from each satellite tracked even when

99



A-Sison.

4.1.6 Samplerate: 30 seconds, mask angle : four degrees.

4.2 The measured performance of the BenchMark receiver is shown to have much better performance
than that of the TurboRouge receiver.

5. TEQC Evaluation

5.1 http://www.unavco.ucar.edu

5.2 Use standard Rinex 2 format data for input.

5.3 Egtimate the number of cycle dips in a data set and distinguish those due to clock dlips,
ionospheric dlips, and multipath dlips at a given satelitte elevation.

5.4 A critical parameter in GPS receiver performance is the ability to track GPS satellites at low
elevations.

5.5 The AOA BenchMark GPS receiver performs significantly better than other network receivers that
have been available to date.

5.1APPENDIX A : Overview of GIPSY-OASIS

5.2 APPENDIX B : AOA New Benchmark GPS Network Receiver
with ACT Technology
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