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ABSTRACT

In this study, we design an optimized Graphics Processing Unit (GPU)-based GNSS signal processing technique with the goal
of designing and implementing a GNSS Software Defined Receiver (SDR) that can operate in real time all-in-view mode under
multi-constellation and multi-frequency signal environment. In the proposed structure the correlators of the existing GNSS

SDR are processed by the GPU. We designed a memory structure and processing method that can minimize memory access
bottlenecks and optimize the GPU memory resource distribution. The designed GNSS SDR can select and operate only the
desired GNSS or desired satellite signals by user input. Also, parameters such as the number of quantization bits, sampling

rate, and number of signal tracking arms can be selected. The computing capability of the designed GPU-based GNSS SDR was
evaluated and it was confirmed that up to 2400 channels can be processed in real time. As a result, the GPU-based GNSS SDR
has sufficient performance to operate in real-time all-in-view mode. In future studies, it will be used for more diverse GNSS

signal processing and will be applied to multipath effect analysis using more tracking arms.
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Fig. 1. The Configuration of GNSS SDR based on CPU processing.
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Table 1. The design parameter of the GPU-based GNSS SDR.

Parameter Default value Note
Quantization bits 2 bits configurable
Sampling rate 53 Msps configurable

Number of trackingarms 5 (VE,E,P,L, VL) configurable
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Fig. 2. The Configuration of GNSS SDR based on GPU correlator.
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Table 2. The environment of the system running the GPU-based GNSS SDR.

CPU AMD Ryzen 7 5700G 3.8 GHz (8 cores 16 threads)
RAM DDR4 32 GB

GPU NVIDIA Geforce RTX 4090

GPGPU CUDA Toolkitv12.0

IDE Visual studio 2022

A kel 4= gitk GPU H|RL2]o] dlo]e & 27 217] 9]
aPH oz AQEE Algto] £45}7] ufioct. CPU| €]
] A7 GPU H|R2of] A2 (access)SEaL X 2]sh=t]
Aele AR 2 2te)7t ¢l7] w2l o] 4] 71&9] CPU 7]RE
GNSS SDR#} mpzk7}z] o] vhal o & L3k

ook o OSE
r]o

_E ox

3. GPU 7|t GNSS SDRe| a4t S8 &t

A5+ GPU 7]8F GNSS SDR7} all-in-view BLEo]| 4] A1A]
7o BAT 4 91eA U] 5 A4 A5 B

P2 273 IF o lH% AHE-3ict
Spirent GNSS SimulatorZ- 0|83l 2A}SE A5 E RF Ao 2+
312 o5 Walon], IF Hole] Thele baisk ulE 4 2 bis,
MEAO]E 53 Msps. AREIATh LA A5 GPS L1 944 §
7§, Galileo E1 YA] 8712 & 167]] §A A5 & =36ty o=

60020tk & =gollA] AAZE GPU 7|yt GNSS SDRE] ¥zt
3} H|E 4, A ZF0|E A4 = IF slole] mhed o] 3hA| 4%
slgdon Al =2 9} Early, Prompt, Late, Very Early, Very
Late?] 57 & AF&-30c} GNSS SDR &8 $+73-8 Table 29} 7t}

%
O
a
3
e
i)
N
o
T
E 0
=1
ol
Tr‘
ﬁ o ru[o

Table 3. The result of compute capability evaluation.

Tracking Average Std. of Ratio

channels processingtime [s] processingtime [s] (Processingtime/600)
128 168.218 1.756 0.28
256 180.190 0.646 0.30
512 225.848 2.121 0.38
1024 322.108 1.570 0.54
1920 491.310 1.172 0.82
2048 519.132 3.163 0.87
2176 547.889 1.447 0.91
2304 572.193 2.260 0.95
2432 595.760 0.471 0.99
2560 623.028 1.437 1.04

All-in-view 2 E& TS £ Q1=
M g 55 HalAlZ A 12 A7)

A Zelsliok sla R Als &
]_

024/1920/2048/2176/2304/2432/26887}
3
3

Z2 . 128/256/512/1
15 57 HL*Oﬂ ﬂioH Al
ict o] W], RS AT 22 P

pal

\4
-
|
&
e

:l9

ox,

s

fol

E‘ >,
2
"
b

N

N

I~

W

0
4
o
i,
32,

o, > N 4> 30 off |0 ofl o B ofn rift

GNSS 415 167] ¥r} red], S
= gsio] WE 24 Ado] ATHES A
2 YASIEE Bk o5 5 1 24 A
ZH 179, 338, 49817} ZFo] 169] Sx}rdE
7} A3}= Fig. 6 2 Table 33} Zt} A&

131, Fig. 6-—4 _‘j_ﬂ.]_:_‘_—. 44;{.71—0 2 T A

O ol ML
i)
o
P

el

_gt
R
o

ol

ol

ok ofl

ofl i
f
OZ\: _[])]1
> o

8
2

I
i
32
5

oM

T{n
N r[

e X159 Zo|el 6002 F L+ Ratios Il
1=, o] zho] L} Holok AR 2& WHERITHT ek
S|

n.?k—r.li
£
Ws
- W
-3

=
oJt}. A3 A3} GPU 7]¥ke] GNSS SDRE Z|tf oF 24007
A A2 M o AR 2 PEDCT B, Y
Zof|A] 7t Z18Y =01 KPS7HA] 18k uf all-in-view R EE
A= ok 30070 o] 4 Ad-& Hesfiof ghotar o=
B2 7St GPU 7]8F GNSS SDRE 1 %] 8] AJ5-0] all-in-view
wER Exa)s]el] Fieichn Brkect

3.2 0] A Ho13} 24007) AP L AA|7ko 2
59 A4t 52 all-in-view EEof BT
£ I $EE eetn doEc AR

O

g
N
30 W
oo
2
rlﬂ il %0,
d 0

H=
o=
=

%)
%)
1o
5l

http://www.ipnt.or.kr



80 JPNT 12(1), 75-81 (2023)

Tracking Channels

Number of IF samples (o< Sampling rate)

Fig. 7. Processing time of GPU-based GNSS SDR with 600 s length signal.

A A157} ofd, ZHA Q1A ¥ refittd <F 3007] o]uf<] 2|
do|y FEF Aolet dlifdrt. olof wlgt & =FelAl: GPU
714k GNSS SDRe] W e} 9 24 Hilol oia) =olakaia
sich |zl AAE GPU 7]8F GNSS 415 2 2] 7|¥ L Fig. 72} 2+
A ME N4, AT 24 AAd g, AT As 4
oF 74 3712 KA E 7|Htoe 2 sith All-in-view RLEo] Hslsh

F

o

4 ol A% 2] A9 A4S 3007] 2 7P Fig 6014
o 4 glzo] AR 415 Zolurk oF I3 $0] X7k Aasle]

D

£ X T A =, A 24 AHd e 2
=Hol A AT -%34 P AU AT AE s
o} 4 AA A1 ZolBrt o] B2 Al 4225
ks " e %Pzaz AT Solld LT 2]
o A}E
g =9 %*194% *.:izﬂb} A wztu
& BAY Y 1 ATEE WA 28
GPU 7]8F GNSS SDRE &85} 4= gl
2 THEaHE 9 ellA 4l A
30, 35708 AFRSH 4 Qith Al
=2 ALgslA 5 oEEE 4]
28] HiAl o 2ul Zsisie] 2 = AA]7E

il

X
5
Iz
>
SE
o

R
o
o
N
Job 4o d
op
o
ok
)
a
AC)
=
o
;5
r_l
%
fin)
o 9
a
i
;
ofo
oI

0>~
T, ol

rE

on,

ojo st
s U
S

a4

N X

[}
o2
odk
2
¥.

ofo
> A “‘OI'
oﬂL’ O 2l

A

¢
-1l‘l
=

(@)}

1o s
T2
rlr l-O]A

N
=
==
2 ek

02 e e me 2

e oo o
o _1)1, ﬂ-l]m

=
>
L
ox
O.u.
N

=2

4

o

o —— T —6‘]—
2 912 Rolch AR TR 2 AXZE X2
#9] Uollx] A Z ol =5 AR 6, 7eH, 5 318, 371
o % Giche oleh. AlFel ToH 3 g R
Ak A2 o] A Z o] £ Hch Aol o 100 Mspse) & 23k
2 Sisl} s ololetn 421 4 lov, AEelol=g
100 Msps= A3 st Aol = o] A3] AA7E Hel & 155
W 2 IF gole) Me) nasht 415 #4 o A% 37}01]

o
A

U2 i
(Lo 2
oL ot o mfu
I e
ok
@ i m fol
o 4

mlm

FQI% 4 Qo 4B ol Aol HrkE Aloto] girke 3
ol =t
4. 22

B =Fol A 2AskE GPU 718ke] GNSS 415 X8| 7|3k
o7 24l 71gol A8 GPUE AT 73‘ GNSS SDR+& all-
in-view B EoA] AA|7Fe 2 2| 4= Q12| Eel5111%} 1)

https://doi.org/10.11003/JPNT.2023.12.1.75

GPU 7]8}e] GNSS 415 22 719
A5} HE 5, AMSH0|E, 418 5
4 91 GNSS SDRE AdA5EAL 7pdafict. 2) 2|41 7]&o

o]
b S A Q4 A5-S HoIE 12, 2 bits o)
H|E £ 53 Msps AEd|o ]E 57]
01]*1 ﬂtﬂ 2F 24007 XH %

GPU o]J<l H GNSS SDRE all-in-view & W &?LQ 2
9SS A 2EE 0 A Mgt AAzke R &
ZFAZ 4 Qle-S Eolgyc) Hojd QIAF 58S Hlgko & GNSS

= 3 U

AT A AT e GEATIAL B 4o A 24 o
2 Abgslo] CHEAR Q% BT e Hololld 28E 4 9

o= HS AABIIT

GPU 7|4} GNSS SDRo] all-in-view RLEO|A] =2} 4= Q)

2] R1517] {15l GPU 14 58 7ol FFsle] AARE A
GPS L1z} Galileo E1 415§t} £35.0] ¢ Lo A= 2

all-in-view 28] & &5 L2, L5 t 22 o} oy

215} GLONASS, BeiDou, QZSS, KPS9} ZHe ghH A
A oot} EZHAIS 4 A lE 2 o

of] Zg5h= Wof Tt AFE WPt oot

folr

1_ rlr

folr o ok o

2l
A
Kl

o

12

A

of ™ mu 1o > XN
ot oy
b o

Sid l'Ul[U
2 ]zl

AUTHOR CONTRIBUTIONS

Conceptualization, Y. S. Choi; methodology, Y. S. Choi;
software, Y. S. Choi, H. S. Seo; validation, H. S. Seo, Y. S.
Choi; formal analysis, Y. S. Choi, H. S. Seo; investigation, Y. S.
Choi; resources, Y. B. Kim; data curation, Y. S. Choi; writing,
Y. S. Choi; review and editing, H. S. Seo; supervision, H. S.
Seo; project administration, Y. B. Kim.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Fernandez-Prades, C., Arribas, J., & Closas, P. 2016,
Accelerating GNSS Software Receivers, Proceedings of
the 29th International Technical Meeting of the Satellite
Division of The Institute of Navigation (ION GNSS+
2016), Portland, Oregon, 12-16 September 2016, pp.44-
61. https://doi.org/10.33012/2016.14576

Fernandez-Prades, C., Arribas, J., Closas, P., Avilés, C., &
Esteve, L. 2011, GNSS-SDR: An open source tool for
researchers and developers, In Proceedings of the
24th International Technical Meeting of The Satellite



Yun Sub Choi et al, Evaluation of GPU Compute Capacity for GNSS SDR 81

Division of The Institute of Navigation (ION GNSS
2011), Portland, Oregon, 20-23 September 2011, pp.780-
794.

Heckler, G. W. & Garrison, J. L. 2006, SIMD correlator library
for GNSS software receivers, GPS Solutions, 10, 269-
276. https://doi.org/10.1007/s10291-006-0037-5

Park, K. W., Yang, J.-M., & Park, C. 2018, A Design and

Young Baek Kim received the Doctor of
Engineering’s degree in the Department of
Electronic from Chungnam National
University in 1998. He has been working in
satellite navigation since joining Navicom
Co., Ltd. in 1998 and has 23 years of exper-

ience in navigation. He is a Senior Executive

Implementation of Software Defined Radio for Rapid VP at Microinfinity Co., Ltd from 2021. His research interest
Prototyping of GNSS Receiver, Journal of Positioning, includes GNSS receivers and anti-jamming/anti-spoofing
Navigation, and Timing, 7, 189-203. https://doi. techniques and EGI and communication systems.

0rg/10.11003/JPNT.2018.7.4.189

Schmidt, E., Akopian, D., & Pack, D. J. 2018, Development
of a Real-Time Software-Defined GPS Receiver in a
LabVIEW-Based Instrumentation Environment, IEEE
Transactions on Instrumentation and Measurement, 67,
2082-2096. https://doi.org/10.1109/TIM.2018.2811446

Suzuki, T. 2014, GNSS-SDRLIB [Internet], cited 2023 Feb
17, available from: https://github.com/taroz/GNSS-
SDRLIB

Xu, L., Ziedan, N., Niu, X., & Guo, W. 2017, Correlation
acceleration in GNSS software receivers using a CUDA-
enabled GPU, GPS Solutions, 21, 225-236. https://doi.
0rg/10.1007/s10291-016-0516-2

Yoo, W. ],, Kim, L., Lee, Y. D,, Lee, T. G., & Lee, H. K. 2021,
Design and Implementation of SDR-based Multi-
Constellation Multi-Frequency Real-time A-GNSS
Receiver Utilizing GPGPU, Journal of Positioning,
Navigation, and Timing, 10, 315-333. https://doi.
0rg/10.11003/JPNT.2021.10.4.315

Yun Sub Choi received the Doctor of
Engineering’s degree in Department of
Electronics from Chungnam National
University in 2017. He joined FidusGen Co.,
Ltd. In 2018 and has 4 years of experience in
Software Development. He works as a

research engineer for Microinfinity Co., Ltd
from 2022 to present. His research interest includes GNSS
receivers and anti-jamming techniques.

Hung Seok Seo received the Doctor of
Engineering’s degree in Electronics from
Chungnam National University in 2003. He
joined Navicom Co., Ltd. in 2002 and has 21
years of experience in navigation. He works
as a senior researcher for Microinfinity Co.,
Ltd in 2023.

http://www.ipnt.or.kr






