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Improvement of GPS positioning accuracy by
static post—processing method

Min Sun Kiv and Hyeon-Ok SHIN'
Pukyong National University

Abstract

To measure the GPS position accuracy and its distribution according to the length of the
baseline, 30 minutes to 24 hours observations at the fixed location were conducted with two GPS
receivers (L1, 12 channels) on May 29 to June 2, 2002. The GPS data received at the reference
station, the rover station and the ordinary times GPS observation station operated by the National
Geography Institute in Korea were processed in kinematic and static post—processing methods
with a post—processing software. The results obtained are summarized as follows:

1. The number of the satellite that could be observed continuously more than six hours was 16
and most of these satellites were positioned at east—west direction on May 31, 2002. The
number of the satellite observed and the geometric dilution of precision (GDOP) determined
by the average of every 10 minute for the day were 8 and 3.89, respectively.

2. Both the average GPS positions before and after post—processing were shifted (standalone:
1.17m, post—processing: 0.43m) to the south and west. The twice distance root mean square
(2drms) measured with standalone was 6.65m The 2drms could be reduced to 33.8%
(standard deviation 0=17.2) and 5.3% (6=2.2) of standalone by the kinematic and the static
post—processing methods, respectively.

3. The relationship between the length of the baseline x (km) and the 2drms y (m) obtained
by the static post—processing method was y=0.0016x+0.006 (R*=0.87). In the case of the
positioning with the static post—processing method using the GPS receiver, it was found that
a positioning within 20cm 2drms was possible when the length of the baseline was less than
100km and the receiving time of the GPS is more than 30 minutes.

Key word : GPS(JAAAZ7)), kinematic post—processing (23 x]2]), static post—processing (A
A& x)2]), length of the baseline (71444
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Global Positioning System (GPS)¥& u|=-dA
REE ] APH 8ol EojTt o|FHE A&HFHo=w
a9 Selective Availability (SA) A&
Universal Time Coordinated (UTC)=® 2000 5
4 29 ARE FAFeE FUe ool SAR
e 3MEe Azlealr Aldte]l Feujsizion, A

22te] 48 wt &9 A=t F9-He Al
ol dsiMe 1 =0 48] A

olggt GPS Al~ElS ARESIH ZAAl Z2A o
AEA +10m olUle] eapifdA HxE AT

F ok (3 5 2001). o} B} ] FYs =7}
g3t #9ol= Differential GPS (DGPS) &

A AHgETE (7 -4, 2001 uh 20020 A X,
2001). DGPS wral& Azt x] (Real—Time
Kinematic: RTK)®} $*J2] (post—processing)
Aoz s 4 Aok (A, 2000). FHEAL A

olF=ol =AMtk HAgl AHolske $3
(kinematic) Fxelld olF=o] uAHITH

ARl Xelshs A (static) FX2]2]o] Utk
29 Axve AH TAHEHo] & TAHRT ¥
2 Zlo] YutAolct.

RTK DGPS *#42 s|iqA¥EA-7 2ol 2%
o2 AHIZ AAE SHE Bt UE Wl Bol
AR28}A|9F (Kang and Shin, 2002; Kim and Shin,
2001), °o]8& 4 3= Ages 10km WLl Z97}
gk oy 33 e d3olA AES RS
AAZIe 2 A FEetee Flgt g HeEls
ARSE = Qloh WiZ2E wse] GPS ¢4d9) #Ao}
o] GLONASS 9142 3 2188 & e A7 =2
22 AL E r] Ho|7|x v} (Okuda ef al, 2001;
7 5, 2001).

FH2] WA 10~<100kme] A=
RTK DGPSxHx} &4 7hdst X2 31952 913
ZHo] 7leslezg, A i YXNE AT 4
= S4 Feje sk, nioel] 1Al oty ¥
g, ¢1Folxe] 9%, RTK DGPSelA da=z 3=
71 X T& AgeA 4T ool HshA
AREE 5= Sl

TS oJRAe A pMkm, $Hkm o3 B
Helo]l Ax AR 5 e AAZE B9 DGPS
(Wide Area DGPS: WADGPS)¢] £-82% 9|3l 7]
285 A A= 4 Ut (Alfred, 19955
Miyamoto et al, 1997). &ZAalatale] AL, 7)&
=3} olE=7hel Ay (F)xFD 6] HlEEle £$] &

S

Ay d¥Fow Zrkele AFel deE Rudal
9Je} (Kakihara et al, 1993; Miyamoto et al.,
1997; Okuda et al., 2001; o], 1998).
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Fig. 1. Configuration of the GPS data acquisition
system for post—processing. The refer—
ence station could be changed to roving
station for confirming its GPS antenna
coordinates using the ordinary times GPS
observation stations.
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Table. 1 Specifications of the GPS receiver and antenna

Item

Specifications

GPS receiver
Frequency
Channels
Computed data updata rate
Measured data updata rate
Position accuracy
Standalone
RTK mode
Static mode
GPS antenna for reference
Gain and size
GPS antenna for rover
Gain and size

Model RT-20

L1, 1575.42MHz (C/A Code)

12 independent tracking channel
up to 10 solutions per second

up to 20 data records per second

15m CEP (SA off) GDOP<2

20cm CEP nomial

10cm RMS, 3 minutes, no multipath
Model 502

26+3dB and 17.8cm diameter
Model 521

26+3dB and 5.6cm diameter

olFxe JEAIM AMEE A T Bde) GPS
FaA1s) SRl wzd AR PSR, ol
FAle) AREEE AZE ol GPS 41719 k2 7%
£ AA%SY u) A&she GPSolution (Novatel, Ver.
2.2)01Jtk. 7|E&o A= GPS ¢HEuo)] choke ring
& AFgsle) F9 Ao} ARozele] AL
{(multipath) &] J3Fe- 7FAAIZ -

S, Fig. 10 bl 71229 9xs F94e)
e} GPS A5 HolEE ARsl] FAsIKTh
2YAY 2% GPS AABELY  Falrle
TrimbleA}e] 4000—SSI (choke-ring ANT, 233}
8ok

2) tlole] Ae| AL

A28 53t GPS 41719 92 ALs}A
T317] 918 diejs Hz) A)2=%e IBM 237159
HElAF #zd AFEe TAE ATE0]¢l
SoftSurv (Novatel, Ver. 1.52) 2 7A3lg)-

71%54 GPS ¢HElUs ®4Uga (o]gh PKNU

B @l e dReRe & 65077
59.1447 "N,  129°06 ' 27.4803 "E, EfAIx:

42.106my el AAEATE FAEEA R 7))
mE SAAEe} FEd A9k dE BAE Hot
317) flatd #4 A4¥e A% A9Le Fig 29 2
ot} o714, &89 24} (twice distance root mean

Ale] WS Ttk

7] AHAFe] GPSe =9 Axz wlusin
PKNU9| 91 #%E AR 98l ARg 2|
A &% GPS A#EZ4Y] 9AE Jehw
Fig. 33 a1, dAlHE4e 94 #3x 2 el A
= Table 29} 2} B AjelA AMSS HEA =
WGS 849]th

Fa
Pyuongsa  G,hchun b{ e

Fig. 2. Location of the reference station (A)
and the roving stations (@) used to
measure the 2drms variation with the
length of the baseline.
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Fig. 3. Locations of the ordinary times GPS ob—
servation station () and the reference
station of PKNU (&) to compare the
GPS positioning accuracy before and after
post—processing and to fix the GPS
antenna coordinates of PKNU.

Table 2. Position coordinates and height of elli—
psoid of the ordinary times GPS ob
servation stations used in experiment

Name of station Location Height ellip.( m)

37°16 " 31.8704 "N

Suwon , Y 83.293
127°03 " 15.2893 "E
. 35°10 " 42.1667 "N

Gwangju , . 71.140
126°54 " 36.8739 "E
35°%54 " 22.7296 "N

Daegu , . 105.859
128°48 " 07.1048 "E
) 33°30 " 50.1526 “N

Cheju , . 49.755
126°31 "47.3734"E

2) DEEUME GPS OIS 43} MHE
71E=T olFFolMe GPS ?_Eﬂ"}%‘ S
Aol 2GR Agefell A 308 ~244)7k5<E GPS
HolElE d&Hog 48k o)F Zj-%—EM] 35}
Aok FAEelMs BEe AR H489] 77 B

1
Te=

TE gL AHse 418 GPS golBE o3t
g 9S4 U, GPS 447
FAZINA AAEE &
A ATE gRE ds 4 A (3, 2000).
% almanac FARE HL
Yx)F2re A1 (raw
ephermerls)E %\ REPA %= dlo]g], @
A o ATl =4 AR (channel pseudorange
measurement) & ©3X U= RGEA X9 dlo]g
(Novatel, 1995)& AAsle Fxjgjo] ALgE 4= 9l
& 39l oy Wy &9 HEE 21 Us
POSA Zdl HolHx ARt FAe] AFe =9
AZE vnd 4 U=E ot¥ck 2z AZmle] vixe
27 "A"E ASCI Hlo]5 g vehdch
ALMA % REPA Xt dlo]el= dlo]ejol] WHalrt
AE el MYt

= 3t4aL, A =9 dolH
= lsec E¥x bsec 7HALE ARAHEE

SHAT

o)1=
AAL

S

3) GPS JA&S OB +H

FHEH s AAE SHT "ol 7IE9]
Foll tig Aol golof gtk B A7diMe 7]
#22) PKNU9] ¢ »Jrﬁ% 75 gat7] et =4
A dellx 83t e 4, diT #F AF A
Aol GPS “grlagacld A% GPS delHE
F8l%itk. PKNUS| 9] = PKNLE‘:'H 7}74
7W7kel et A9l GPS A1 85 wlolHE
Heje] BPAZ H-gs}ol 737540}9%4 LRk ]
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angle) & 15°% sl 24A1ZF Z9of o838 4= 9=

A3 2AZIe B 7l 8 4 2 GDOP

(Geometric Dilution of Precision) & eh'd Fig.

49] (@), ), (@<} Zrk
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Fig. 4. Shows (a) satellite visibility and GPS

availability, (b) number of GPS satellite
visible and (c) variation of GDOP at the
station of PKNU on May 31, 2002.
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Fig. 5. Shows the azimuth and elevation sky map of the satellites at the station of PKNU on May
31, 2002.
(@: 00h 00m to 23h 59m  (b): 00k 00m to O7h 59m
(c): 08h 00m to 15h 59m  (d): 16k 00m to 23k 59m.
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Fig. 6. Accuracies of the GPS position fixing
with standalone during 24 hours at the
PKNU on May 31, 2002. The origin and
the center of the 2drms circle denote
the measured position by a static post—
processing method and the average GPS

position with standalone, respectively.
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Fig. 7. Accuracies of the GPS position fixing by the kinematic post—processing method during 24
hours at the PKNU on May 31, 2002. The origin and the center of the 2drms circle denote
the measured position by the static post—processing and the average position, respectively.
Reference station of (@) to (d) is Daegu, Gwangju, Cheju, Suwon, respectively.
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Table. 3. Measured the length of the baseline, average deviations in latitude and in longitude and
2drms with a kinematic and a static post—processing methods at the PKNU on May 31,

2002
Baseline Deviation (m) 2drms (m)
Name Length (km) Latitude Longitude Kinematic Static
Deagu—PKNU 90.156 —0.108 -0.061 0.320 0.166
Gwangju—PKNU 200.267 -0.302 -0.450 2.671 0.304
Cheju—PKNU 297.520 —0.454 —0.554 3.319 0.570
Suwon—PKNU 300.980 -0.061 -0.403 2.671 0.366

Note) The minus sign (=) denotes the southern direction in latitude and western one in longitude.

2gdl oxks ©E &97) 6.60mo|A|%t olg &
Aeshd T Aole &= 299 ¢ 33.8%
=17.2%), AAR Aoz o5 =99 <o 53%
(0=22%) 2 Za N = Qe Zo=2 vl

7147 90kmt9} 200kmtl), 297kml], 300kmti]
o Az e e ek Ha ¥ AT Wk
9] kel GDOPS wWsle] Y#lE Heold Fig 8§,
Fig. 9, Fig. 10, Fig. 113} 2t}

Fig. 80lX 713 90kmulolire] f=a%}, A=
Hzl, GDOPE et Aolt). =Rt Hoid o
£ 15A~16A10190, AxHxE HY wie 17
Al~ 19417014tk GDOP7F Huld wie 12A]~16
Aol A4 = 08A~11A17 T} 17A]~194]
7ol Hdjo]rt.

Fig. 9% 7144 200kmtiol| A 9] Y=Hxl, A=A
z}, GDOPE yehd ot} =z HdYd wWe
16A]~17A1 30|03, A=Hxpt Huld wie 16
A ~172173°19th. GDOP7}F Huld wje 9A]~104]
ot

Fig. 102 7)4% 300kmtiolxe] =9z}, A
#xl, GDOPE YEehd Aot I=Ha= 044]~05
A7} 1641~ 1841789 Hdlo|l3, A=A} F
Y we 1641~ 1821700t GDOP7} i o
= 1641~ 17A173 %1

Fig. 112 7143 300kmtol|A2] =3z}, A
Hzl, GDOPE vehd Aotk A=Az 164 ~17
A7 18A1~19A17e] Htjo|lT, ZAZHAF F
N wWe 14A1~17A130]%0ck GDOP7L Adidd o
= 09A1 ~10A1F e ATt
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Fig. 8. Shows (a) deviation in latitude, (b)

deviation In longitude,

(c) variation of

GDOP and (d) number of satellite with
the kinematic post—processing in the case
of a baseline (Daegu—PKNU) length of
100km. The minus sign (—) in the (a)
and (b) denotes southern direction and
western one, respectively.
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Fig. 9. Shows (a) deviation in latitude, (b)

deviation in longitude and (c) variation of
GDOP with the kinematic post—processing
in the case of a baseline (Gwangju—
PKNU) length of 200km. The minus sign
(=) in the (@ and (b) denotes southern
direction and western one, respectively.
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Fig. 10. Shows (a) deviation in latitude, (b)
deviation in longitude and (¢) variation
of GDOP with the kinematic post—
processing in the case of a baseline
(Cheju—PKNU) length of 298km. The
minus sign (=) in the (@ and (b) de—
notes southern direction and western
one, respectively.
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Fig. 11. Shows (a) deviation in latitude, (b)
deviation in longitude and (¢) variation
of GDOP with the kinematic post—
processing in the case of a baseline
(Suwon—PKNU) length of 300 km. The
minus sign (=) in the @ and (b) de—
notes southern direction and western
one, respectively.
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Fig. 12. Variation of 2drms with the length of
baseline.
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