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ABSTRACT

In this paper, an efficient signal tracking method to simultaneously track both GPS L1 C/A and Galileo E1B CBOC(6,1,1/11)
using a low cost GPU is proposed. In the existing method that each GNSS signal is processed within 1 ms, more than 2 ms
processing time is required in GPU to process 4 ms CBOC signal. It means that real time operation is possible if only Galileo
E1B CBOC signal is concerned. But when both GPS C/A and Galileo CBOC is required, it cannot process GPS C/A signal in
real time. To process 1 ms GPS C/A and 4 ms Galileo CBOC signal in real time, 4 ms Galileo CBOC signal is divided into 4 by 1
ms signal block in the proposed method. Specially, a buffer that simultaneously manages 1 ms and 4 ms signals is designed.
In addition, a module that accumulates the 1 ms correlation value of the Galileo CBOC by 4 ms and passes it to the PLL and
DLL is implemented. The operation and performance are evaluated with real measurements in the GPU based SDR. The
experimental results show that tracking of more than 16 satellites of GPS C/A and Galileo E1B is possible using the proposed

method.
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1. INTRODUCTION

312} Global Navigation Satellite System (GNSS)-& Global
Positioning System (GPS), GLObal Navigation Satellite System
(GLONASS), Beidou System (BDS)2} GalileoS 3Z3gksf] 1207)

o|Ato] 9o 7 JLAEIT (Kaplan & Hegarty 2017). W& 9]
HAEE SNBSS AU AFEALY AHE DL 5 9ol B
o] GNSS Kt} o ol 2152 4418t & 9] }& GNSSZ
$A1 7H55E 441717} @ =T} (Hobiger et al. 2010, Kaplan &
Hegarty 2017, Teunissen & Montenbruck 2017). Z|L2] =417]
MA W] WA E P AEAE S BHOE b
o $1g o gsle] PG Saslel £ Fehmol 7HEA
X = ZAflo]T} (Septentrio 2020, Novatel 2020).
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ES A BAIE 2adtele WEoR AAH AR o
2 A5 3RE 7FAC} (Tran 2017). Table 1of] thE2¢l L1 T
GNSS9] FAlFuly FT& Z7] dlo|g &5, HAHKAS
Wk thE GNSSE a4 o= 4l517] flsiA it

/\/\]
Tl
Z1ollA & 2t Al S zo]] WA Al S 2] ZEMASE HET 4 9L
= Field Programmable Gate Array (FPGA)E A}ESH AT EQ

o] 7|Htko] 7|5 o] AF2-EIT} (GNSS SDR 2019). #|Zo]l+= General
Purpose Graphic Processing Unit (GPGPU)2] 2 o 2 3l=9
o] HZglo] AT ESo] WZREO 2 A5 X e ZRAMAE 44|
17 A G0 E T 4 Qs AL EQ o] 7|9 4417](Software
Defined Radio, SDR) 1t7} Wro| 28] 17 91t} (Hobiger et al.
2010, Principe et al. 2011, Huang et al. 2013, Curran et al. 2013).
Bojsha A4 Q3P AlAE AAA TEsE 4417
Software Receiver of Chungbuk National University (SRC) (Park

Table 1. GNSS L1 signal characteristics (Tran 2017).

GPSLIC/A  GLONASSG1 Galileo E1 BDS BII
IF (MHz) 1575.42 1598.0625~1605.375 1575.42 1561.098
Code period (ms) 1 1 4 1
Bitrate (bps) 50 50 250 50
Modulation BPSK BPSK CBOC(6,1,1/11) BPSK
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et al. 2014)= GPU 7|4¥Fe] SDRo|u| Kepler R & ZH= GTX
TITANS A}23kc} (Smith & Garg 2013). L1 SRCE Litjed ¢l
GPS L1 C/A, GLONASS Gl, BDS BII 2! Galileo EIB A5 2 m=
AHgB1o] ANEO.R S $9Y5H SDRE e 3 gic. 3
A= FEZ7]7} 1 msel GPS L1 C/A, GLONASS G1 Z BDS BII
Al 2412 Ak glom (Park 2019), 4 mse] EFI|S
7F= Galileo EIB CBOC(6,1,/11)2 5+ 4:4l0] 7Pssht =3
717k 1 ms Q1 Al 5.0} FA] 412 AU A| ¢F=t} (Park & Park
2019).

7|1&2] Lol A] Tsinghua sk} Calgary tjstof|A] Galileo
EIB 4159} GPS L1 C/AS EA]0] 24151 GPU 7|uke] Al A|7F
SDRE FLd3iT} (Petovello et al 2008, Curran et al. 2013, Huang
et al. 2013). Tsinghua tsh& PCol|A] Al X 8] & RF 4385}
= GPU 7|4} SDRE F&lgi o Calgary thehe FPGAE A&
o Asx 275 TAFCE F ] SDRE EF Galileo 415
o] AAZ} = 7] ool WhEolA 5~8 Mspse] 3] b
5 AT o] 4 MHz th4) & 2= BOC(L) 415 & 4415}
+ = £A47}F §lou 15 MHz t9] 2] BOC(6,1)} 4 MHz th]
9] BOC(1,)¢] 3o & mrEo] 2] CBOC(6,1,1/11) M RHFA o] Al
SE &4 glo] 4% 4 §le Fxoloh CBOC((,LIM) 485
£4 glo] S41517] $181A] 30 Msps o]4e] E237h 279k,
olo]l wha} Tsinghua thsto|u}: Calgary thatol|A] 4383k Maxwell
2.9 GPUZ o]-§510] 5~8 Msps©] Fso] gk AX|7H E2fo]
30 Msps] EEof AXIZE Fako] PrwlA] ek

E =52 30 Msps2] oJAre] oA GPS LI C/A, Galileo
EIB CBOC(6,L1/1)& FAloll £4150= 418 34 d8j&-S
A3t AAIZE o 4415 215l SRCOlA] GNSS Ho]E & 7]

BDSB1l GPSL1C/A

0 |2.292MH 24.548)

MHz
31.0625MHz

1z
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Fig. 1. IF plan of GNSS L1-band.
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ms 7|2 2T 4 A "ot WA 2gellA 71& FAE SRC
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Fig. 2. Brief operation of SRC.
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7P°ﬂ A HslA] ettt A9 ohE $715 28 GNSS 415, o
SH10 m54 F715 Zt= GPS LIC 9} 2 4155 FAlof A
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5= GNSS *133 A F710] gk M sk whHo] Fas)
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a]g $85H= L2 E AQKI} GLONASS G, BDS Blli= GPS
2 F71E5 TR Qo] ZE 4ls FHARE 2
@1%01] GPS L1 C/A®] 23Fsle] dHsict.

A ellA] S, [nle 4413+ Galileo EIB CBOC(6,L1/11) 415
SelnlE A17101A B8 Bl Eel7t A1 35 el AofA] C,
D= FE}HlolHE UeR Y, fi, fouy fo T 6, 242 IF 3¢
—r, EE29 Fute, FES) fubpe, F 251 7] O3 FE AA
& Uehdt, fi0} i 41719 271 Aol A ARt ahe Uer
W, foo @t 6,81 271 T2 418855 Fall &2 4 Qlch
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Fig. 5. Existing buffer management structure of SDR.
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Acquisition operation time(delay)

2]o] JLxE GPS L1 C/AS} Galileo EIB CBOC(6,1,1/11)0]| ZHzt
Neat NegoZH HEE A4 =o] GPUR 2719 Hlole] Aol
Q5o gheF £7|71 ohE GNSS9| 41571 o] F71d 7 714
GNSS Al zo & 415 H= #eje}, GPUR S glole] Y
AlZko] Z7FsH| Htt.

ol2lgt TAIE siiAsl7] $15) Fig. 62} o] 4 ms 7|5 2+
Galileo E1B CBOC(6,1,1/11) A1 52 GPS L1 C/A A15.2] 37|91
ms T2 Uro] Hafsh= 418 v 25 AQSt 1 ms 2
o] 2 }+0i7 Galileo EIB CBOC(6,1,1/11) Al S 15€] 4712] &
H HSE sl TeElel, dH HEIt 22 3719 415481
A& 2R15H7] $18l epoch 155 F7lsle] ejdich s
9} epoch }15= CPUOl|A] Tefste] GPUR AE3t T4 st
t}. GPUR A MENF N 718 WA} o] wmo] A
FE A5 E Foll A& Ao 7 B Ad A 11 AdS A=
slo] Asict 7]&9] Bhalo A GPS Ad3} Galileo A'do]
25 o] QATE AQFeE BhAloll A= GPSe} GalileoE 54| ¢
o2 Adye|rt golsitt.

A1 WE = thE A E FxoA] FAsE] giEe] 453
ot ol g} A8l ERJA L a1gsto] Aok giet, Al
557 Ad e E5Y ket A& QS Tl Als S
AgsiANh A58 589 F2F AI7HE 4] ms7} A Q = o]
1 C/AL} Galileo EIB CBOC(6,1,1/11) 415 7] Kt} Wo]
S 3ER o] E2RA]7FS §FA) Galileo EIB CBOC(6,1,1/11)
7191 4 mse] SR AQEZ] ot Thek 4153
o|F 41554 & NAF o 4 ms F7|E 2 Galileo EIB
CBOC(6,L1/11) 20| 3 REQl AN F 1S APsHA] ghett
H, 4 ms#] TS FRoA] ThE V)9 IR A T
A= 7] wjzoll Als S ol EA|7F A0t TefA] 4 mse] A=
7]& z+= Galileo EIB CBOC(6,1,1/11)¢] T} J#i 5 0] 415 H
o] MEE ARESHA] oL 7|ttt dE NS 19 A Eo] S0
oW F2HE FAE dlof gt

A}AGE SDR 27]52FS Fig. 7ol Uehdlct. 1ol 4] Thread
0% w3, Thread 1& A5 3 E Thread 2= Al 3249 &
21 LyepdT) Galileo EIB CBOC(6,L1/11) Al 52 B1E35}7] 95

rlr

= =

5

3

N

T

=2

P

o3
—

!
ol N >,

A RN Q 4z Hx

i

Data for signal tracking

D < Vi

Data for <
acquisition

ims ims ims ims ims ims

Thread 0 4ms length length | length || length | length | length | length
Thread 1 | Acquisition Acquisition (OK)
Thread 2 1ms 1ms 1ms 1ms Ims 1ms

length | length | length | length | length | length

1st 2nd 3rd 4ath 1st 2nd

1 epoch 2 epoch

Fig.7. SDR thread operation.

ims ims ims ims ims ims

length | length | length | length | length | length

! 1
Acquisition :'. [ W
-

A w W o
Ims ims Ims @ 1ms | lms | lms
length | length | length | length | length | length

3rd 4ath 1st 2nd 3rd 4th
n epoch n+1 epoch

http://www.ipnt.or.kr



342 JPNT 9(4), 337-345 (2020)

K
ith check &
1 ms signal data
receive
Table
No
Replica generation Subcarrier generation
¢ (Doppler, Code phase, i) (BOC(8,1),BOC(1,1))
Yes i

Replica generation
(Doppler, Code phase)

!

Correlation

l

GPS PLL, DLL
(Doppler, Code phase)

I
Fig. 8. Signal correlation structure

Correlation

No
Sccumlation 4th?
& i==4?

GPS PLL, DLL
(Doppler, Code phase)

| I—

o] Thread 0of|A] 4 ms2] AHZ-& Thread 122 A
1A A58 55 st delayhg Al7ko] &
Thread 2= ABEHTE X ejsly YHHS 34 ¢
HhE w7 FIckel, The el Q9 WE 7k 391 4
shA ek, e A2 SE3t 91
2] Zskal 71ttt (ntl) epoch H15.9] UM S 191
2ol 418 325 AJARgHCE ofuf] AJ7F 2] dof| whE
3 £ 22 Zuse] Wk T v

ng
)
B
H
=
on
@
job)
[oN

fo
i
£

o,
R

—
Moz bl @

lo

Bl

)

rlo

o

ok -

(M o

Mo > oo =

_>‘,l_l‘

4o 2
o

P
>
b
[
o
X
=

o

(2016)e]] w2 F 200 ms o] o] AT S0 YIS 7]X]7] ThiE
o] 4 ms& integration time& 58 & S2sl=t|| 24 ¢ich

A5 3)1=-2 Galileo EIB CBOC(6,1/11) 415 ] 37| 4 mso] 4t
o] 25l GPS LI C/AY] 49 F7] 1 ms Brh= L2|A &
2Hgic), 22 AlS B So] 4 mse] o] Fa5hA 97, 4 ms
Zolo] A 55 A3l 2 EA]7Hintegration time)S So]H 415
250 §-23 A& ZE=t} (Ziedan 2006).

Fig. 82 GPS L1 C/A A1 5.9} Galileo EIB CBOC(6,L1/1)E %
Aol 225}7] 2135} 1S Lebdict Galileo EIB CBOC(6,11/11)
= TS 1 ms o] E Fo]7] §Jsll GPS L1 C/AQF 722
7191 1ms 2 A15E Lhro] AHE +a43kck 1 ms Uieo] AR
5 GPS L1 C/A9} Galileo EIB CBOC(6,1,/11)& 7+ BT
AFESE 4 Qlo] CPUSA GPUR H|o|E| & H4sl= A7to]
Atk T35 4 ms 7] & ZH= Galileo EIB CBOC(6,1,1/11) A1

£ 4 ms Zolo] HZalrtel A Tlol Sk 1 ms o]
to] ATHAITHE ZHEd, Fig 88 1 ms#) Upiro] A1he 44}
3l 1 ms o|uj2] AAAIZHS 714 4= 9lo] GPS L1 C/AL} Galileo
EIB CBOC(6,LI/1)E EAlo] 4415t 2 ¢Jth Galileo EIB
CBOC(6,LVINE 1 ms2 Lol Abtkalr] ©lafa] A5 22 of| 4]
AHE-E 1 ms Zolo] Al g olele} Fig. 6oflA UehH 75 i

https://doi.org/10.11003/JPNT.2020.9.4.337

09 5

time[ms]

0 2 4 6 8 10 12 14 16 18 20
Number of channel

Fig.9. Operation time of the proposed structure.

2 7} et} Fig 894 GPS L1 C/AX=1ms 37]E z+1 Qlo] o)
H AFgsto] PLL, DLLE F8f 0n2t fp,,, 5 841
EIB CBOC(6, /1) Al 3= AAZ 4 ms 7|2 247 w&of| 1 ms
Zolo] gloJe & o] &3l Al 532 517] S5l 1 ms 4155 4H
FAshe 125 A

Galileo EIB A1 5= GPS L1 C/A A15.¢} ©ra] CBOC(6,1,1/11)
Ao 2 WxEo] 9lo] BXE 517 $fal Hutsuts AAsE
oo} ghet. Bukduls AAIZE 528 $I8lA] SDR 52F 27]9]
Aydst glo] &g AHg3l AY/dict (Park & Park 2020). 4§43t
G227} A58l HEollA] 7k AlsHolEl g o] g3l Ae
Fth GPS L1 C/AS}H 22 Atk 43S afjmic} PLL, DLLO] &
2h5}A] ettt 48 4815kaL gt dlofel ] ATt 4%
%-of| PLL¥} DLLO] “5-2Fgkct, PLL3} DLLOA] 81,2t fr,,,, S 78
Slo] Thg Al e 2 o)) AgSi) o] 7He- A2 GPS L1 C/A
3¢} Galileo EIB CBOC(6,1,1/1)E EA|0] 4413k},

™ on

Al
.=

IS

oo

L
A13) 0. 7]Zo] GPS L1 C/A, BDS BIl, GLONASS G1& A5}
= SDR £=417] (Park et al. 2014)o]] Galileo EIB CBOC(6,1,1/11)-&
Aestr] $15F 25 F7lsto] LG SDRE ©]-&-5}o], 2019
W 6% 272 164]0] B8k EI0% 2-Akof| 4] NI USRP-2940R
I} Novatelr}2] 702-GG QFEUE o] 83l Y& tolE| & AFHE-3Y
. $A17]= GPUE NAVIDIA GTX TITAN, CPUZ Intel core i7,
Visual studio 2013 C++, CUDA (Sanders & Kandrot 2011, Park
et al. 2014)E o] &3] LalsleiTh
AH|QFeE vhH o] A7 F2HE 21517 flsto], B oA
25l 1 ms oo S5 4534 dae]Fo] 1 ms ool
F $+35}=x]2 Bt} Fig. 9= 50 MHzo] T3} Zupsz A
SDRe] gk7dof| 4] GPS L1 C/A$} Galileo EIB CBOC(6,L1/11)
NS E SAl 43S o AQEE A7He] HdgholH, o=
GPU®||A] GPUR H|o]&] AGAIZ at ATAIHS 2Rk gholoh 8
ZF AL 075 mse] 7124d& YUY 0.25 mse] FAMAZHS ZF

oX
o

N



Jong-ll Park & Chansik Park A Method to Track GPS L1 C/A and Galileo E1B 343

kil

51, 06

G0

478

45,93

G G0 06 a0s

=i

Fig. 10. Signal tracking state of SDR.

Fig. 11. Navigation results of SDR.
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