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ABSTRACT

This paper focuses on the generation algorithm of BeiDou pseudorange correction (PRC) and simulation based
performance verification for design of Differential Global Navigation Satellite System (DGNSS) reference station and
integrity monitor (RSIM) in order to prepare for recapitalization of DGNSS. First of all, it discusses the International
standard on DGNSS RSIM, based on the interface control document (ICD) for BeiDou, estimates the satellite position
using satellite clock offset and user receiver clock offset, and the system time offset between Global Positioning
System (GPS) and BeiDou. Using the performance verification platform interfaced with GNSS (GPS/BeiDou)
simulator, it calculates the BeiDou pseudorange corrections , compares the results of position accuracy with
GPS/DGPS. As the test results, this paper verified to meet the performance of position accuracy for DGNSS RSIM
operation required on Radio Technical Commission for Maritime Services (RTCM) standard.
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II. DGNSS RSIM £A
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Fig. 1 DGNSS RSIM Architecture
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Table. 1 Performance Requirement for DGNSS RS

HE| GNSS EMA|AEIS 2|5t BeiDou QA2 EA7|H
23.MTHRTCM 24 &
DGPS 7]5=2] RTCM EA AR "2 93t dA)
RTCM 23®7A[2]o]tlh. RTCM 23HA-e
GPS(#1, #9)2} GLONASS(#31, #34) RAA R E vl
a}0, % 637)12) WA A2} 0-32] 4517 UDRE i 7]
Z, HAAHO] H -655.34 ~ + 655.34u]go|th
GNSS thelslo] diulslo] RTCMo] 4] H]%<] A5t
RTCM 2.4 FF& GPS, GLONASS, Galileo, BeiDou,
QZSS 9134150 i3t R RE #41, #42 WA X &
ol-gate] Al Zt},

UDRE ##-& 16572 2ato] Al5stn], 2474
H He= -163.83 ~ +163.83u|H, 181l o= XA

hy P ye)
FLA—

F 2. DGNSS ZIAZ(IM) 27M8s
Table. 2 Performance Requirement for DGNSS IM

measurement accuracy

Requirements Marine Multi-use
q Navigation Service
C/A code phase 80cm (ms) 30em (1ms)
measurement accuracy
C/A code range rate J0cm/sec (rms) | 4emisec (rms)

Alarm generation time

<0.25 seconds

Anomaly immunity

Adequately buffered/Isolated RS
clock

Requirements | Marite | Multiuse & AFALh & 3 RTCM 23 123} 415F RTCM
C/A code phase 2.4 B35 vl st} A 2] gt Zlo|k
80cm (rms) 30cm (rms)
measurement accuracy
rcn/é:siigrenl;lrgi z?ltreac 10cm/sec (rms) | 4cm/sec (rms) H 3. DGNSS MH|AE 2|5t RTCM 2.4 HT
A g Y Table. 3 RTCM version 2.4 for DGNSS Service
pseudorange
correction accuracy 85cm (rms) 35cm (rms) RTCM ver. 2.3 RTCM ver. 2.4 (Draft)
C/A code range rate GPS/GLN/GAL/BDS/Q
correction accuracy Ilem/sec (rms) | Scm/sec (rms) NY% GPS/GLN 7SS / ALL
PRC latency =<1.0 sec. Message 63 (#1-63) 63 (#1-63)
Correction quality 1.4m(10) 0.6m (10) (#)
indicator ’ ’ C " GPS: #1. 49 GPS: #1, #9
orrection :
UDRE generation o Cny GLN: #31, #34
accuracy <20% of the actual 10PR error Messages GLN: #31, #34 GNSS: #41, #42
. . Adequately buffered/isolated RS #2, #8, #10, #11, #12,
Anomaly immunity clock Message - #13, #18, #19, #20, #21
Ch > 718, #19, #20, #21,
Alarm response - <1.0 sec., RSIM #130 or RSIM ange 431, #34 (F1 = 18)
Position flag & PR flag #131 UDRE 4 Levels (0-3) 16 Levels (0-15)
Alarm response - <1.0 sec PRC Range [-655.34 ~+ 65534 m| -163.83 ~+163.83 m
Unmonitored condition - ’ Tonospheric
RTCM #27, #37, #41, #42, and #43 delay - 0~81.90m
Minimum message set RTCM #1, #3, #5, #6, #7(and/or
#27), #9, and #16
10D utilization 90 seconds deglg ér’lscomputmg the 24 MTFRSIM13 EX
A RTCMO A Al 5O 2 :=9] 29] DGNSS

98 ¢35t RSIM HA 1.3[1]& 7]& RSIM HA 1.2
P19} vlw BAshE & 49} Uk bt 9S4
RSIM 1.2 A& GPSYF 71831 A9t RSIM 1.3 ¥ &
o A= GPS, GLN(Glonass), GAL(Galileo), BDS
(BeiDou), QZSS7} 7Hg-5tct. WA R| 4= Z= 4071 9| A
RSIM 1.3 B{Hoj A= 3970 1707} 2901, RSIM
1280 M= #2744 A2 9Al GPSHE 7Hs3l e,
RSIM 13 7o 41 Zkzbe] GNSS® 54 Helvk
Thsahes Fuela olc.
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H 4. DGNSS 242 &t RSIM 1.3HH
Table. 4 RSIM version 1.3 for DGNSS operation

RSIM ver. 1.2 RSIM ver. 1.3 (Draft)
GPS/GLN/GAL/BDS/
SV GPS only QzSss
SVID - G/R/E/C/J
Me(;s)age 40 (#1-40) 39 (#101-139)
Integrity GPS only GNSS
processing
Pre RSIM #23 RSIM #135(w.RTCM #41)
&Post-broa (WRTCM #1) RSIM #130 / RSIM £131
dcast RSIM #34 / RSIM (post)
Integrity #20 (post) P

25 Ex &M Zdn g _TI_E4A|-°F

BeiDou 2% AH|AE YA = A BeiDou 2JAF
A B RE YA o}ﬂ A5+ RSIM W7 1.3 20
5 *ﬂ—‘?‘— HA|Z] W8-S LA sl|of stk BeiDou $14
o] ¢ RSIM WA A] Yo} g4 ID= ‘Croln] 24
HAIE 18l 71E=(RS)oIA] RTCM #41tH H AR &
RSIM #1354 0] Ao ZHAH(IM) 0.2 A%aHH, 704
THIM)S FE2A AAE sty 1 Ed3E
RSIM #130 -5 RSIM #131(Post mode)tH WA=
olg:310] 7| EHRS) 0.2 T =8 Gk,

IlI. BeiDou EFZE 44 7|

BeiDou SJAHA 2] HAY Y WE A4kel7] 91t

7]1Z GPS, GLONASS, Galileo 2JA}A 2] AR
Airshs ®R[S]13 frAFste. BeiDou XA AY
< SleiA= WA BeiDou ICD #A[6]5 7]HES
BeiDou A1 25 A Ul= 2417104 Al5-6k= HAIA
=4 H(Raw measurement)E 3|48 4= Qlojok 3t
2 =wolAlE 417104 Al Estis BINEX ZHi[4]
238 JHEE )43l BeiDou 94 A= HHe} A
=X HE 0|83}t BeiDou RAAR AL 9|3t
4AE @AH o Helshe 1% 29 2. Step Lo
A= GNSS F=Al7]o| A Al &8t = 2|(Ephemeris)
a2t g & o]-§-5ko] BeiDou 9144 9121 & A4S, o]
0] AL Gl AREAR SHELU 913]9ke] A=(R)E ALt
g}

Hu ox Mt rlo

T

JI

Step 1: Range (R)

- Ephemeris Parameters
- SV position estimation
- Known position of User antenna

Step 2: Pseudorange (PR) measurement

- PR output of Reference Receiver

Step 3: SV clock correction (t)

- Clock correction parameter in Ephemeris

Step 4: Group delay (Teb)

- BeiDou Ephemeris parameter

Step 5: Receiver clock offset (t,)

- Receiver clock offset from GPS sys. time

Step 6: System time offset ()

- Difference between BeiDou and GPS sys. time
12l 2. BeiDou PRC AlAH Hx}

Fig. 2 Calculation Procedure of BDS PRC

Step 20]|4]+&= GNSS 42417 2] BeiDou 44 2JA}
A2l (PR) AlS AR & o83t Step 304=
Ephemeris®] A2} B4 gtetu]gE 7|HEe2 4] (1)9]
IANZE HAX|(Atg) e ol8dte] AAA 2=
KAt

t = tSV_ AtSV (1)
Atg, = a,+a,(t—t,) +a,(t—t,)" + At,
EF AT B AZHAL)E A ()F o] §3te] 18

2~ 0]
TR

e

Atr = F.e- \/Z . SinEk (2)
o71o1A, e=
(semimajor axis), £+
& ojujstn], F=—24"" | C* & B8 AAtEl= 3he
g3t
Step 49l 4= Ephemeris @] “15%]¢1( 7,,,) v}t
7O R BILAISE o183 39, 7, & BAAE

£ 018 ASONE T, THe0IES o83t 44

= o] 4]&(eccentricity), A= A=A

o] 427 o] ZH(eccentric anomaly)
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(AtSV) pr = Atgy—Ten 3)
(AtSV)BZI = Atgy— T
Step 5ol A= 54171 A|A @2K¢t, )& AAFSEL, Step

69| A= 2] (4)2] BeiDou A]ZH{BDT)I} GPS [7], GNSS
H Az JA A o]85te], GPSet BeiDou AJAH €]
sys )y AATRITE of7]olA E 5= GPS,
Galileo, GLONASS 94 7+o] 28 ulo|o]AZ a3t
Aot

Azt At

tp— AtGPS “4)

A()GPS+ AlGPS “tp

taps =

Al gpg

H 5. BeiDou 22 HIO|{A mtzto|Ef
Table. 5 Parameters of BDT clock bias

Parameter | Units Meaning
AOGPS ns | BDT clock bias relative to GPS time
A1GPS ns/s | BDT clock rate relative to GPS time
A0Gal ns | BDT clock bias relative to Galileo time
AlGal ns/s | BDT clock rate relative to Galileo time
AOGLO ns | BDT clock bias relative to Glonass time
A1GLO ns/s | BDT clock rate relative to Glonass time

mpR[EEO 2 BeiDou QJARA P BAA W (PRC)s) A
A ekag|Z2 Aly| slehu| 2 7|Hko 2 4] (5)2 o] &

sfo] A4k 3 4 Glek.

PRCypy = R—PR—tg+t,+Tep—t,,. (5

o710l A R 9143 AREAL QFE|U7bA] €] A 2], PR
© AT AZT AR, Ly AR 1A,
W FAZ] AA 24T Tepe= TEAQ, e tsys
] E}Q] &AL 7+t ofu|sic).

7] NALZK L, )= BE fAAAT Y s+
BAE eaba st @ 4 glong 7R $417
= ou] &1 Q= Heket 1A E ol gstol, 71 914
39 =

o
A0l b A AA A 2

=

HE| GNSS HHA|ABE 2[5t BeiDou SJAI2| EE7|H

V. AlZ2f|o]4
4.1, Al2slold &

%
%%Mﬁmwﬁww;%Fﬁmﬂﬂ
4HEl DGNSS RSIM 45715 ZE ol 4] A2 414]
3T 29 32 GPS/BeiDou QJAMAE] EA A
U AEAEE 93 ARl Y THES U

Ehit.

SNSS Simulator
(6SS8000)

GPS/BDS
Signal
Generation

1
1 Si

( )
! A
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____________
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Fig. 3 System connection diagram for simulation

A A3 914 Alutel 20t ol e gy
98 # 69 e 1T} GPS, BeiDou 212+ 87

85}9 11, o] 2% a8 Klobuchar, T &
2-g3to] AlE o) S =35t

¥ 6. GPS/BeiDou PRN1} ID/TD =&
Table. 6 GPS/BeiDou PRNs and ID/TD models

Simulator User ID/TD
R 3N ID/TD model model
Klobuchar Klobuchar
GPS |3,6,9,14,18,19,21,22 /STANAG /Hopfield
. Klobuchar Klobuchar
BeiDou 1,2,3,4,6,7,9,10 /STANAG /Hopfield

719 4% BeiDou HARH A 21eE9 A

S8k AAHE Uehdich. GNSS AlEelo]8 9] A%
53 5 ohe] S41710) 242} 9
A7) oS o A

Lot

AFEE PRCO| Aol 5 HAGHE Ea 24 PRCS ThE
SA710] oA EgAe] vhgstel S5 ES
22t sl ek
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GPS/BDS
________________ >
Simulator [SIMGEN)
2
Receiver (NetR9) | Receiver (NetR9)
=
True Calculation
Satellite 4| Of Satellite
Position Position
I
3 a
True Generation of Application of
Pseudorange Corretion Pseudorange Correction Pseudorange Correction ‘
S — |

i 5
SV Position Position i

True SV Pos.
- Est. SV Pos. ‘ Error ‘ ERGEITCY Accuracy | |
!

8 4. BeiDou 2JAtHZ| EHHEE(PRC)S| MsZHS 1Hd
Fig. 4 Performance verification process for BeiDou PRC

H 43S 93t BeiDou QA A S A A5 =
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Al% %3%}7], Trimble NetR9 5=A17] 29, 1L

2] 743t BeiDou R AA R A etyig]Zo] 24F
RSIM 4ZE o] ¥ PCE A3 T

a3 5. AE AAY Y
Fig. 5 Experimental setup
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Z317] 98] A H PRCE A-835t A0S v|aste] 1
28,299, 19 10, 17 110 ZH2f e ik

(¢}

d
o:

o

M o
.

=

BEI Sateliite Position Error (PRN 1) - 2014.06.02 00:00 ~ 01:00 ( Simulation )
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H
]
£
5 .
i
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0.04L1 i i i i i I
8565 87 875 88 8.85 89 895 9
GPS Time x10°

12! 6. BeiDou 2|MQIX| Xt - PRN 1
Fig. 6 BeiDou SV position Error - PRN 1

BEI PRC Error (Common error excluded) - 2014.06.02 00:00 ~ 01:00 ( Simulation )
T T T T T T T T

o
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T
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Fig. 7 PRC errors

Positiong Accuracy (Standalone GPS) - Simulation - 2014.06.02 00:00 ~ 01:00
5 7 v r x y . - % o

MEAN : 1.310281
At
RMS :1.359607

North error (m)
o

s 4 a3 2 0 1 2 3 4 5
East error (m)

a3 8. £9| WEE - GPS H=aY

Fig. 8 Position accuracy - Stand-alone GPS
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Fig. 9 Position accuracy - Differential GPS
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Fig. 10 Position accuracy - Stand-alone BeiDou
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Fig. 11 Position accuracy - Differential BeiDou

HE| GNSS EFA|AHS 2|8t BeiDou SAHE] B&7 |

B =Rol A ANT ARATE 29T S0

A Aeshd F 73 Zth GPS, BeiDou Y=

(Stand-alone) ¥ 73-9-0fl = 1.359m, 0.959mE Z}Z} L}E}

U ¢l a1, B A& (Differential) 2] 73-$-, DGPS, DBeiDou
Z9] A3 0.034m, 0.049me] Z AT =2 B}

H 7. NS0l At He
Table. 7 Summarization of simulation results

Systems GPS BDS
Stand-alone | MEAN(m) 1.3103 0.9437
mode RMS(m) 1.3596 0.9592
Differential | MEAN(m) 0.0313 0.0414
mode RMS(m) 0.0349 0.0497
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A BEI} 58 TEZ, RTCM W4 FE& vl
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