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ABSTRACT

Most existing studies on the wide-area differential global positioning system (WADGPS) used standard positioning service
(SPS) receivers in their observation reference stations which provide the central control station global positioning system (GPS)
measurements to generate augmentation data. In the present study; it is considered to apply a precise positioning service (PPS)

receiver to an observation reference station which is located in the threatened jamming area. Therefore, the reference station

network consists of a PPS receiver based observation reference station and SPS receiver based observation reference stations.
In this case, to maintain correction performance P1C1 differential code bias (DCB) should be compensated. In this paper,
P1C1 DCB estimation algorithm was applied to the PPS/WADGPS system and performance test results using measurements in

the Korean Peninsula were presented.

Keywords: WADGPS, SPS, PPS, differential code bias

1. INTRODUCTION

IR A AARE ol&% A, S, A
A9 2 AY HRE Akl Ak Aado s dEae
BAS7} Qlth. SBASE: &4 &,
) o, BAloket FFE TE3}
T G Fol ek AR E FELER FHOE KASS 15
AR % Fofl SIk. SBASE tHES: HHRAHR A A

[e)

B {0
Hoox
N
g
¢

- ]_‘E
2o
F1 odl
2
: >
Mo

ofo li
olN 2
o, wn

f to

ol AFolA FHRGFE A A A9 7|&= U EH
3 RNME 22 HIEE 7= AHA AlgS Hs) A
5 2ol 37t A=t (Jang et al. 2016, 2018). T3}

N

Received Feb 20, 2021 Revised Feb 25, 2021 Accepted Mar 05, 2021
fCorresponding Author

E-mail: kikim@add.re.kr

Tel: +82-42-821-3504 Fax: +82-42-823-3400

Kap Jin Kim https://orcid.org/0000-0001-7078-2376
Jae Min Ahn https://orcid.org/0000-0002-6261-0010

Copyright © The Institute of Positioning, Navigation, and Timing

WADGPS H|AEH]
ol ol AR 4417

g 55t TRbe UiollA 7]
7} BAES B35 RATH A 1m o]s

|
I

O
2
-4
1o
w2
a~)
[95]
>
S
N,
N
=
1o
old
12
[
rE AN o N N

http://www.ipnt.orkr Print ISSN:2288-8187 Online ISSN: 2289-0866



44 JPNT 10(1), 43-48 (2021)

PPS 441718 B ug R A AlAde] Hgskr] 15
4]+ PICI Differential Code Bias (DCB)E HAlsl|oF Sttt PICI
DCBE= GPS 1/dollA] 3h4) 4152 AAIe o) A2 ohe 415 4
%ﬂEQRKM¢”HﬂMszqéﬁﬂiﬂﬂﬁ%ﬂ¢
Zroll A 71= AlZE 2ol ofal AP St (Tetewsky et al. 2009).

o] ¢kl PIC1 DCB %—irxé‘f'ﬂ_ A E Zﬂ Pfﬂ oF

O_u ["
ofr

94 A5 2 o]4st A|Bao]AdS E3 PICI DCB &
A1519ith (Bu et al. 2018, Kim et al. 2019). &=t PlCl DCB
&A1 2] &8 #-85F PPS/WADGPS HIAEH ES 0]-85}9]
1S 22895131 PPS A2} 42217]9] PPS/WADGPS B4 5
48 50l e RS LA FoHE Q% AN
(Kim & Ahn 2020). 7]& =2 Eo]A] PPS 7|dle] WADGPS2]
A7) Sl e a2t ket $29) ARE At &
Ero 1z oz 19 92 PPS/WADGPS A AE]S] sl A
WEhaL, TR ALg AL Bel M0 17 B3t AlAE 29 A
ol thisl] AAIR et Boto] @ E]w AJARIO)A AA| PPS 4241
719} SPS +41718] A F o] BallA] LR T2 glo] AA|A
© & PICI DCBE #4313l o]& A|AH] Aol Bkdsh= 7IHES
A5t o] & o]- &5 AR Y HIHE AlAlskaLA} Fict
H =R L1 C/A 23X} L1 P(YY) 23X 5 2elg
=% 47(] 7t ;q»r— E3 H PIC1 DCBE ﬁl*Po}t 2 F_'El%% o]

oZ: -1)1' flo H
OIF ox r‘{ﬂ:

S
b uO[l

ol
_-

2kl

1-"0 0=+

A A7} E3E, PPS 42417], PPS 4=417] °1E1Jﬂ°1
PIC1 DCB & 118]E 4 PICI DCB A% HA|A] X A4 5&
8251 PPS/WADGPS E|AEH|EE o]&5}0] A5A|HLS 43935t
ATE A AAISHE B =Rol| Al SPS A}ﬁz} 41719
SPS/WADGPS R 5 2-& {50 W& XY =5 A &
A5}o] PPS 4:417]0]| thst PPS/WADGPS KA 3HH 453} SPS

241719 thst SPS/WADGPS J.ﬂ_?g T A5s W AAFe =
41, z2- 03 PPS 4
71&=ol @%dEﬂE}E SPS 4:417] 7|4k
A28 S U5HA 1 m o]ale] By
Helch

PPS 4:417]+= wl=to]l ofaf e/ EAl| =L Bo-gA|7} Ehe x|
= Aol 43] gldo] 8 == 5, A AT A= A
A 71&=ol PPS 41715 A -&oh=tl A7} £t wtA
PPS/WADGPS H|AEH|EZ 17]9] PPS £:417] 7|ute] 7|&3o
2 7A45}19] 31 PPS/WADGPS B H AL £t BAFH o
7H ASE I8l T 25 AlAR o

=2 AL o Aot 23l e 71£9] WADGPS
B AEH| S0 PPS 441712 243} PPS/WADGPS E|AEH| =
of] thalA] 7heks] s}, 3&elA]= PICI DCB &4 &g
S} PIC1 DCBE F45tal HA| A3} 5h= A4 9 73 WS
AAGE T A7) ofe] 4155 o] &5 AlEHolHE F
3j] PICI DCB 7} AAF 0 8 245 7 Q18-S Bolth 4%ox=
PPS/WADGPS H|AEH|EE o]

‘BHI:IH

mlo

E
223517 _l_]o]- J,Lom:lﬂ—xh:l A /L]/\Eé! ] /nop,kﬂop M;J" =
A
el 3|
2]

ox 19
oid

12

d ]-E.
)

)

o o H
I EIE AARI. S9] 7|E= YEA giollel 54 45
AL &3] PPS $£A171S 073 1 AHA] AJAE0]

=
ol K 8aEiRhE SPS 4:417] 2k T4 ol R v Al

https://doi.org/10.11003/JPNT.2021.10.1.43

Novatel FlexPak-S

WADGPS TestBed

1 WRS using PPS receiver
(Daejeon)

Bias estimation
between PPS
and SPS meas.

Master station

7 WRSs using SPS receiver (Daejeon)

Fig. 1. Conceptual view of PPS/WADGPS testbed.
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2. DEVELPMENT OF WADGPS AND PPS
INTEGRATION SYSTEM
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Fig. 2. PPS/WADGPS correction generation block diagram.
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Fig.3. P1C1 DCB estimator.
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Fig.4. PPS/SBAS message for P1C1 DCB.
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Fig. 5. P1C1 DCB estimation performance.
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4. TEST RESULTS

4.1 Test Setup
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Table 1. Stationary performance test result (SPS receiver).

Horizontal (CEP, m) Vertical (PE, m)

Test
Dayl Day2 Day3 Dayl Day2 Day3
SPS standalone 1.00 1.08 0.80 1.88 2.13 2.15
SPS/WADGPS 0.26 0.25 0.24 0.39 0.37 0.36

Table 2. Stationary performance test result (PPS receiver).

Horizontal (CEP, m) Vertical (PE, m)
Dayl Day2 Day3 Dayl Day2 Day3
PPS standalone A B C D E F
PPS/WADGPS 29% of A 25% of B 32% of C 20% of D 17% of E 16% of F

Test

2 9]x]" 35 o} PPS AF22} 42417] 2] PPS/WADGPS H A4 15
8 #R0l T2 ANYASE ol vk 7133

YET oo] £H AAIY P4 9 AIFAES Fig. 80l Le}
HolTh Ak ukzA o] Al 2] Ea AP D) Fig 8o
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2ol o] AlFYAL ST 4 AUt B AEATLE SPS 44171

2 74 7] Y| EQ]T 0] PPS 441712 2713l etE PPS/
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o 1m oJ3}8 THEs} AL Hol7] Slatolch

4.2 Static Test Results
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4.3 Dynamic Test Results (inner network)
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Fig. 9. Horizontal position error in dynamic performance test (SPS
receiver).
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Fig. 10. Horizontal position error in dynamic performance test (PPS
receiver).

Table 3. Dynamic performance test result (Inner network, SPS receiver).

Test Horizontal (CEP, m) Vertical (PE, m)

1st Trial 2nd Trial IstTrial  2nd Trial
SPS standalone 0.63 0.74 0.96 1.97
SPS/WADGPS 0.28 0.31 0.24 0.29

Table4. Dynamic performance test result (Inner network, PPS receiver).
Horizontal (CEP, m) Vertical (PE, m)

Test 1st Trial 2nd Trial IstTrial  2nd Trial
PPS standalone A B C D
PPS/WADGPS 48% of A 98% of B 33%ofC 28%ofD

4.4 Dynamic Test Results (outer network)

Fig. 89] o] 542 & webs] 7|&= UEHA Qloxfe] 54
AeAbE st $x2 24& Sl SPS AREAF 4171
o] SPS/WADGPSHAA R A& 5o w2 9243tz 9} PPS
AFEA} 42417]19] PPS/WADGPS B A H 44 5o w2 9
XAEe & Bl v wst AILE Figs. 12, 133} Tables 5, 60
747+ UERYQIT). PPS/WADGPS H3 3 o] $]2] 2. x}= SPS/
WADGPS B A3 9] 91x] ¢ x}¢} H| 2T uf] 1 m o]5}2 Y5}
}:17(4 oh:H H‘_—.Q 1:10:11-;].

5. CONCLUSIONS
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Fig. 13. Horizontal position error in dynamic performance test (PPS
receiver).

Table 5. Dynamic performance test result (Outer network, SPS receiver).

Position accuracy (outer network)
Horizontal (CEP, m) Vertical (PE, m)
Standalone 0.56 2.57
SPS/WADGPS 0.14 0.26

Test

Table6. Dynamic performance test result (Outer network, PPS receiver).

Position accuracy (outer network)

Test
e Horizontal (CEP) Vertical (PE)

Standalone A B

PPS/WADGPS 35% of A 16% of B

E2 Y VIEF U ES

o] 1 714 A€®lo] PIC1 DCB &% &
a2]53 PIC1 DCBE F45taL HIA| A3} sk A Y %Lﬁ w
HE AL Z7]7Ee] ofe] A5 o] &35t AlEY ol S
3} PIC1 DCB 7} AAFH 0 2 2457 Q18-S Hith T3t PPS/
WADGPS HIAEH|Z9] {53} HAEHEES o] 88 JFA1Y
2 AIE AAlSISI T

E=3 SPS #A171S A8t Z)Est
32 FAE = FARZAR YA A
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