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Accuracy Analysis of Positioning Supplementary Control Point
with the RTK-GPS and RTK-GPS/GLONASS
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Abstract

The study is the open arca keeping a few visible satellites and the urban area covered with the high building, an electric
pole were chosen for evaluation of accuracy of satellite positioning. First, suggest the validity of RTK-GPS,
RTK-GPS/GLONASS and compared the accuracy with that of the classical surveying method. As a result. In urban
area, in case of real time kinematic positioning when compare between the method combined by GPS/GLONASS and
by GPS alone the result of GPS/GLONASS - combination more excellent. And in open area, positioning combined
GPS/GLONASS was more excellent than GPS alone in both real time differential and real time kinematic. So, RTK-GPS,
RTK-GPS/GLONASS contribute to the digital mapping of Basic map and the existed map necessary for the building
of PBLIS to the computerization of cadastral map in the effectiveness in time and in cost and hereafter the combined

GPS/TS is expected to contribute to the development of NGIS, Re-investigation of a land register, the execution drawing
on site.
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Table 1. Satellite Orbit Characteristics of GPS and
GLONASS

Item GLONASS GPS
Total nur{1ber 24 4
of satellites
. 3 spaced 6 spaced
Orbital planes by 120° by 60°
Orbital plane 64.8° 55°
inclination
Satellites per 8 equally 6 unequally
oribital plane spaced spaced
Orbital height 19,100km 20,200 km
. 11 h
Revolution period | IThours 16min ! .ours
58 minutes
Ground track every eighth every
repeatability | sidereal day sidereal day
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M MAG

Moscow dime: 14, 12.2000. 20. 0, 18

Fig. 1. Satellite distribution of GLONASS
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Table 2. Satellite signal for GLONASS and GPS

o

Fig. 2. Transformation of WGS 84 between PZ-90
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(2) PZ-909 WGS84Ato|o] iz WHEA>

HAEHE o434 GLONASSS GPSE ZAYs)
7] 9] PZ-903} WGS 84 Abolo] BlEAG=7t LA
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1

GLONASS

GPS

Carrier frequency

L1 : 1602 ... 1615.5 MHz
L2 : 1246 ... 1256.5 MHz

Lt : 1575.42 MHz,
L2 : 1227.60 MHz

C/~code on L1, P-code on L1 and 1.2, same code

C/A-code on L1, P-code on L1 and 12,

Code for all satellites different codes for each satellites
Satellite separation technique FDMA CDMA
Code frequency C/A-code : 0.511 MHz, P-code : 5.11 MHz|C/A-code : 1.023 MHz, P-code : 10.23 MHz
System time correction of UTC UTC(SU) UTC(USNO)

Satellite clock correction

clock offset, frequency offset

clock offset, frequency offset, frequency rate

. every 30 minutes, satellite position, satellite
Orbit parameters . . .
velocity satellite accelation

every 60 minutes, modified Keplerian elements
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Table 3. Transformation parameter from PZ-90 to WGS-84

x 1 —0.33" 0 u

y = | —-0.33" 1 0 v l

Z | woss4 0 0 1 @ ! pzyp
Rossbach et al., 1996

x 0 1 —-0.39" 0 u

y = | 2.5m|+| —0.39" 1 0 v

2 ] wessd L 0 0 0 1 @ |px

Misra et al., 1996
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Fig. 3. Real-time DGPS
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HkEulE A8 4= 9131, GPS, GLONASSS] L1/L2 41

ZE PAE 5 Q= 2078 IS 712l JAVAD AJE0)
o, e 9902 Microsripd] LegAnt AE&

o] &3tttk FRAFS Table 42} 2}

Table 4. The Specification of receiver and antenna

ITEM
Char- Receiver
acteristics
Type Legacy(JAVAD)
Tracking 40 L1 channels
channel 20 L1/L.2 channels GPS/GLONASS
Signals .
Tracked L1/L2 C/A and P-code and Carrier phase
Horizontal
* static 3mm+1ppm(XD) for
dual frequency
e rapid static Smm+1ppm( X D) for
single frequency
e kinematic 10mm+1.5ppm(xX D) for
Accuracy dual frequency
¢ RTK 15mm+1.5ppm( X D) for
single frequency
Vertical Smm+1.5ppm( X D) for
dual frequency
6mm+1.5ppm( X D) for
single frequency
Antenna LegAnt
7t =4 Ay

ZAIA oA AAIZE 97 |HER E2F 0 AItks F
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GG(Real Time Code differential GPS/GLONASS, ©]3}
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(1) RTK GPS/GLONASS
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ok 2R 2603} 275 F EEFAATES AR E &
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£ A$317] Y5t BAA AL Aol 11 Yle] E
AL, A v g (ambiguity)o]] Hadt FEI 7t
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Fig. 5. RTK GG (Urban Area)
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Table 5. The Plane rectangular coordinate with RTK GG
(Urban Area)

Table 6. The Plane rectangular coordinate with RTK GPS
(Urban Area)

Station X(m) Y(m) Station X(m) Y(m)
257 178521.367 197019.077 257 178521.349 197019.169
259 178513.764 197074.492 259 178513.764 197074.492
260 178470.153 197106.211 260 178467.525 197100.422
268 178340.448 197186.065 268 178340.348 197186.165
275 178221.676 197235.117 275 178227.487 197233.521
278 178178.507 197168.693 278 178178.507 197168.693
293 178361.403 196678.345 293 178361.403 196678.345
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Fig. 6. RTK GPS (Urban Area)

(2) RTK GPS

Fig. 6014 GPS W02 A7k uhast $14F XH87)

2 B9 AME2HY AnE =ASTt 224
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HEORL Sud 4 Qo] JE nNRST T
A7) el £23e) BRI} AshE Ao Arw
t}. Z12]3 Table 5& RTK GPSE £3 853 w13
o HEYAE 71% Felat Aol

Y. A

(1) RT DGG

EAX| o] opd eI oA =TS o83t AA]
7 AEE9E AHEade) 4IE Bse| e,
NEFolN ZETE QRHATE o] AxgreR
ASFoTM O ERE ZAS) T o] QAR
& W7ietel Brt e 9AE T8 4 Slsth oir1A
+= GPS2} GLONASS9] FEalE A 7FO R o)&F-3ld

E114% F19F 20034 38

E184350

Fig. 7. RT DGG

Agstel ©2R9 9AS ASskch Fig 72 RT
DGGEZ T3 =23 A5 EASE 22 RT DGGE
S 2279) Aol AHEe] mH Hu 2
Table 7. The Plane rectangular coordinate with RT DGG
(Open Sky Area)

Station X(m) Y(m)
244 177157.364 184513.774
245 177176.019 184419.137
300 177217.110 184431.598
301 177265.905 184422.081
302 177325.470 184422.030
303 177409.900 184426.810
304 177409.976 184493.731
314 177393.900 184592.840
315 177329.521 184605.823
316 177260.371 184510.922
317 177270.025 184592.081
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2ol7} glgltk TeEE AR RETroR
5 943 olHE 92 4 glo} Yt mag Huke
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of gt Emge] ek SIS e Solth

(2) RT DGPS
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2 Y57 =40 ks =A% A O 2 Fig. 279 RT
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Fig. 8. RT DGPS

Table 8. The Plane rectangular coordinate with RT DGPS
(Open Sky Area)

Table 8-2 RT DGPSo] ojgt 7t =it
71259t

Aol Qg A

(3) RTK GPS

Fig. 9% ALAI7F wkgat SV Ahitol 23 2153t 714
£age] ks AL BAR Holth o7 A= AN
s Qo] ofgt £2A0) Aot 2 Holt ¢S
oF 2= 9leir}. 18]l Table 9% RTK GPSof 2J8h =&
Mol 4ue A= 7Sk

(4) RTK GG

Fig. 102 AIAIZE 54 GGl o3t A= wael 4t
2 7l=ssey, ool 3 7¥at 2 Aol Holx] 9
ke, ol AThz oollA] haRt Bk ol AL W
S} 9V AREEolH GPSS} GLONASSE Az 4
sfe] & Aot GPS BEOR ge ikt I Fol7h

L
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Contyol Ptr

N177100

Control
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Fig. 9. RTK GPS (Open Sky Area)

Table 9. The Plane rectangular coordinate with RTK
GPS (Open Sky Area)

Station X(m) Y(m) Station X{(m) Y(m)
244 177157.306 184513.884 244 177157.379 184513.769
245 177176.119 184419.197 245 177176.028 184419.137
300 177217.200 184431.618 300 177217.110 184431.568
301 177265.855 184422.141 301 177265.945 184422.061
302 177325.470 184422.030 302 177325.470 184422.030
303 177409.900 184426.810 303 177409.976 184426.810
304 177410.097 184493.661 304 177409.976 184493.721
314 177393.900 184592.840 314 177393.900 184592.840
315 177329.561 184605.823 315 177329.511 184605.823
316 177260.430 184510.983 316 177260.381 184510.903
317 177270.425 184596.017 317 177271.078 184595.390
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Fig. 10. RTK GG (Open Sky Area)

Table 10. The Plane rectangular coordinate with RTK GG
(Open Sky Area)

Station X(m) Y(m)
244 177157.370 184513.764
245 177176.009 184419.127
300 177217.097 184431.548
301 177265.955 184422.031
302 177325.470 184422.030
303 177409.900 184426.810
304 177409.966 184493.741
314 177393.900 184592.840
315 177329.501 184605.823
316 177260.361 184510913
317 177271.425 184595.390

glgith webA GPS TEoR® 9rf o4ke] FEJ ¢
A& #3584 e 3ol GLONASSS) R7k= A3
E2HY Zuyie] 2 o)dE AT X & =+
Ak

18] 3L Table 102 RTK GGofl 23 =249] A%}
2 7 7183t

3.2 XI2EA

AYo|A g =R A He RT DGG, RT
DGPST} RTK GPS, RTK GG 71& S Anke} v
sho] EA5te] Htch

7t =4AH

A A ol A= RT DGPSS} RT DGGE ol A] =3t
kol Zro] @F Calibration XSS W AofEl
ot BAE A nA RS IAHE F& - 9l

F114 F15% 20034 37

Table 11. Comparison of coordinates with positioning
system (Urban Area)

Cadastral- RTK GPS(m)|Cadastral- RTK GG(m)

Station
X Y X Y

257 0.035 -0.167 0.017 -0.075
259 0.000 0.000 0.000 0.000
260 6.694 12.707 4,066 6.918
268 0.080 -0.113 -0.020 -0.013
275 -7.121 17.856 -6.310 16.260
278 0.000 0.000 0.000 0.000
293 0.000 0.000 0.000 0.000
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16 Q20
Ti as
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g6 =

4
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X Y X | Y
Cadastral- RTK GPS(m Cadastral- RTK GG{m)
L survey method J

Fig. 11, Comparison of 2-D coordinate with positioning
system(Open Sky Area)
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Table 12. Comparison of coordinates with Cadastral-(RT
DGPS, RTG GPS, RT DGG, RTK GG) (Open Sky Area)

Cadastral-RT |Cadastral- RT| Cadastral-RT | Cadastral-RT
DGPS(m) DGG(m) K GPS(m) K GG(m)

X j X Y X Y X Y

244 ] 0.064 }-0.124) 0.006 | -0.014-0.009 | -0.009 | 0.000 |-0.004
245 |-0.109(-0.077|-0.009 |-0.017|-0.018{-0.017 | 0.000 |-0.007
300 (-0.110(-0.068 |-0.020 |-0.048 |-0.020{-0.018 |-0.007 | 0.001
301 10.105|-0.111] 0.055 |-0.051| 0.015 |-0.031| 0.005 |-0.001
302 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
303 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
304 |-0.137| 0.078 |-0.016| 0.008 |-0.016| 0.018 |-0.006 {-0.001
314 1 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
315 |-0.061 0.006 |-0.021} 0.006 |-0.011 | 0.006 (-0.001 | 0.006
316 |-0.070]-0.073-0.011-0.012{-0.021 | 0.006 ;-0.001 |-0.003
317 | 1.795 |-1.627] 2.194 | 2.308 | 1.141 |-1.002} 0.794 |-1.002
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Fig. 12. Comparison of 2-D coordinate with positioning
system (Urban Area)
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