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Abstract : In order to prepare for recapitalization of diflerential GNSS (DGNSS) reference station and integrity monitor (RSIM) due tc
GNSS diversification, this paper focuses on difierential correction algorithm using GPS/Galileo pesudorange. The technical standards on
operation and broadcast of DGNSS RSIM are described as operation of difierential GPS (DGPS) RSIM for conversion of DGNSS RSIM.
Usually, in order to get the diflerential corrections of GNSS pesudorange, the system must know the real positions of satellites and user.
Therefore, for calculating the position of Galileo satellites correctly, using the equation for calculating the SV position in Galileo 1CD
(Intertace Control Document), it estimates the SV position based on Ephemeris data obtained from user receiver, and calculates the clock
offset of satellite and user receiver, system time oflset between GPS and Galileo, then determines the pseudorange corrections oi
GPS/Galileo. Based on a platform for performance verification connected with GPS/Galileo integrated signal simulator, it compared the
PRC (pseudorange correction) errors of GPS and Galileo, analyzed the position errors of DGPS, DGalileo, and DGPS/DGalileo
respectively. The proposed method was evaluated according to PRC errors and position accuracy at the simulation plattorm. When using
the DGPS/DGalileo corrections, this paper could confirm that the results met the performance requirements of the RTCM.

Key words : DGPS, DGNSS, Reference Station & Integrity Monitor (RSIM), RTCM, GPS/Galileo
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2. DGNSS RSIM

2.1 DGNSS RSIM O}7|Edlx]
A 9 F< DGNSS 7|+=

) &l
o2 HAARE Az WEste 715 (Reference
Station) ¥} HAARE FAlste] FAA A 715S Fds)
= F2AA A Z(ntegrity Monitor), ZL&]al 7]&F= A|2~H)
¥ FAA A Al="S Asty] 918 Alo] = (Control
Station) 2.2 A= ) Fig. 12 DGNSS RSIM A]2=#
ol71 €l X & vEbdth (RTCM, 2006; RTCM, 2013a).
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Fig. 1 DGNSS RSIM architecture
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s AA 5&‘:}, o813t AAE HAX(PRC, Pseudorange
corrections)®} F-7F4H = RTCM SC-104 version 2.3 X
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2.2 DGNSS RSIM AlFEZ 24

Al RTCMel A A7 E%Oi =9 %<l DGNSS RSIM
S 93 RSIM ¥ 1.3 (RTCM, 20132)% 7] RSIM ® 3
1.2 (RTCM, 2006)¢} ®lal #4]8}H Table 13 #2t}. 7F&-gh
el A RSIM 1281 GPSY 7F&3FA v RSIM 1.3
B Aol A= GPS, GLN(Glonass), GAL(Galileo)
BDS(BeiDou), QZSS7} 7h&-3tth #WA[A] 5 F 4074014
RSIM 1.3 WA= 3970Z 1747F 2912, RSIM 1.29 A
M= F2A Ay IA GPSH 7Fedl ey RSIM 1.3 H# A
oAM= Zb7he] GNSSHE ¥24 A7t 7=
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Table 1 Comparison of RTCM RSIM version

RSIM Ver. 1.2 RSIM Ver. 1.3
GNSS GPS only %’%gLWGAUBDS
SV ID - G/R/E/C/]
Message No.(#) | #1-40 #101-139
Integrity GPS only GNSS
RSIM #23 RSIM #135
fre & Post | (wt. RTCM #) (wt. RTCM #41)
In(t)a fl."tl; RSIM #34 / RSIM #130 /
e RSIM #20 (post) RSIM #131 (post)

2.3 GPS/Galileo 28 MH|AE 2[8H e{Atet

GPS/Galileo B A AH|~3 $JaldE 4 Galileo 2JAH
2 RAARE YAsz, A5 RSIM H A 1.3 F5o @A Al
B HAA] e FAEoF 3t Galileo 9149 7% RSIM

HAZ] W] $14 IDe Eeolw F44 AIE f8 71ew
(RS)l Al RTCM #41%¥ I AIAE RSIM #1359l o] 7HA|
S(IM)e g2 AFetd, Al ZAAI=IM)> RSIM #130 E%
RSIM #131(Post mode)¥ WAIA 2 F| =S F=gsto] -

AL AR (RTCM, 2013a).
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3. GPS/Galileo EMAE AN 7|

Galileo AR AAS Ysid= WA Galileo ICD +4 =
7o 2 Galileo A& E A Ydk= A7)0l 2lEshE YAl
ASAHRE AT = oo gttt & =iLodlAe F217]d
A AlFshe BINEX &8 AHE dXste] 94 A An
9} BEAHHE o]&33t) Galileo HARFE AL 93 A
1= dAH ez AHelshd Fig. 29 2k

Step 1: Range (R)

- Ephemeris Parameters

- SV position

- User antenna known position

Step 2: Pseudorange (PR) measurement
- PR output of Reference Receiver

Step 3: SV clock correction (tsy)

- Clock correction parameter in Ephemeris
Step 4: Broadcast group delay (Bgd)

- Galileo Ephemeris parameter

Step 5: Receiver clock offset (t, )

- Offset of the receiver clock from GPS sys. time
Step 6: System time offset (tsys )

- Difference between GPS and Galileo sys. time

Fig. 2 Process for Galileo pseudorange correction
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Atg(X) = ap(X)+ ap (Xt =t X)]+ ap(X)]t— toclX)]*+ At (1)

tyc - Clock correction data reference Time of Week
ag * SV clock bias correction coefficient
ap + SV clock drift correction coefficient

ag + SV clock drift rate correction coefficient

e A@F ol gdtel WEIEAABed HE AW,

Bgd(f17 fz):

GPS 9143} Galileo $17d A1 Z4AHE o]-&-8to] Al=H] ERS &
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- A L kA

Aty = taieo— tors 3)
= Ayt A1 TOW— Ty, + 604800 - ((WN— WN,;)mod64)]
Ay - Constant term of the polynomial describing
the offset At 0
A, * Rate of change of the offset At, ...
toe - Reference time for GGTO data
WN,¢ + Week Number of GGTO reference

GGTO : Galileo/GPS time offset
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Fig. 3 Simulation environment for GPS/Galileo PRC
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Table 2 GPS/Galileo PRNs and ID/TD models

Simulator User
System PRNs ID/TD ID/TD
model model
Klobuchar | Klobuchar
GPS 3,6,9,14,18,19,21,22 JSTANAG | /Hopfield
. NeQuick | Klobuchar
Galileo | 10,11,12,25,26,27,29,30 JSTANAG | /Hopficld

GPS/Galileo
i ) R

Simulator (SIMGEN)
Signal Splitter

2 L L]
| RecelverMethdl | | Receiver INetR)
[ —
True Calculation
Satellite e Of Satelliite
Position Position
|
3
True Generation of | Application of
Pseudorange Corretion Pseudorange Correction Pseudorange Correction
[ i . [
i + 5
SV Position Position H
True SV Pos.
- Est. SV Pos. ! Error PRGErtar Accuracy | |
L o= i

Fig. 4 Process for performance verification
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Fig. 5 Experimental setup for performance verification
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GPS PRC by SIMGEN - 2014.06.02 00:00 ~ 01:00 ( Simulation )
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(a) True GPS PRC - simulator

GPS PRC by Calculation - 2014.06.02 00:00 ~ 01:00 ( Simulation )
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(b) Estimated GPS PRC

GPS PRC Error (Common error excluded) - 2014.06.02 00:00 ~ 01:00 ( Simulation )
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(c) GPS PRC Error
Fig. 6 Comparison of GPS PRC
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Fig. 7 Comparison of Galileo PRC
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Table 3 Summarization of simulation results
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