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Parallel correlation algorithm based on vector dot product

MOU Weihua'* , NI Shaojie' , BAI Yang® , SUN Guangfu'>, OU Gang'”
(1. College of Electronic Science, National University of Defense Technology, Changsha 410073, China;
2. BeiDou Satellite Navigation Product 2301 Quality Testing Center, Changsha 410073, China;

3. Equipment Management and Security Engineering College, Air Force Engineering University, Xi’an 710051, China)

Abstract; For solving the real-time problem of the software correlator, a parallel receiving model of spread spectrum signal based on vector dot

product was proposed. The calculation speed of the signal correlation was improved by parallel computing correlation value of each channel with a

large number of ALU in GPU ( graphics processing unit). Simulation results show that, 25 channels with 150 correlation computation consume

967 ps in all for 1 ms signal of 25 MHz sampling rate by using the vector dot product parallel correlation algorithms based on GPU. Compared with

the implementation on CPU based on MKL( math kernel library) , the proposed method speeds up to 61.4 times, and the real-time correlation of the

broadband spread spectrum signals in software can be realized.
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Fig. 1 Structure of traditional correlator
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Fig.2 Model of channels to receive spread spectrum

signals based on VecSPC

1.3 ETREEZEENZ SIEEY s SEK

B AL 5 S E E L G SR,
SIS AN [0 1 8] RE % 38 S AR 5 104 S, SR
07 1 REB IR0 REL G [h] i e 5 UK, ik — 2P 4R
HATIBFRCR . i T AR T G IE =2 6] 5
ZA A HE, R I8 0 A 225 O i 1) B
Yy, Y, Y, HiEiE RS M5 SmE C
(i=0,1, K, Hrp K il 50) % TR AR,
TR L k5, 41RO 2 5 5 5 A
Yiipor , BAMBS HE ST Yoy g SHIALG S
[ S AR AT 2 K A>T H0E - 8 18 A [ T 4 4
SMUEEPS IACTE = 998

He T ) B 5 0 2 U S R E A R
B3 R

T
Zfa s

S (I/N)YFTLEPL.S
HRE R BT
R VH5E)
ﬁ} Y, Fd-EPL
HadamardfH?
(Kz%
185 &5

Toer T

A% iE
ESHH
iy S RAE

T T

PRRSRIBEAIAL o,
MR 0,

MAES

XA RR,
[HE=¢i4

K gmaky |
LM R =

EL L LES
BP0,

K3 T ) s B 2 AU 5 e MACH A Y
Fig.3 Model of multiple pilot frequency channels to

receive signals based on vector arithmetic



5 1

A S SR RN AR AT HSC A ©53-

2 ETmEEEERY S SEEERGEIL

2.1 EF%#% CPU 5 GPUHREEZEHE

HRI AT AR 4% O R4S TARR kI, 2
ARG —E R IATIE, I T AL AR E N
BACTTENLPREC , 2R FRASECE , H AT
ARG AL 2 ~32 LB, RN b /7 2
KT C 2 R BT 78 213558 i fil . 9%
FRORBUAAZ O R BUR A& T i BE A A SR 2 1
B FE P JEE ( Basic Linear Algebra Subprograms,
BLAS) , £ T 1153 0 IS0k, GB42 78 70 & #4021
PREIBEERE, ML CPU,GPU g L2 H)in A
R A (Arithmetic Logic Unit, ALU), & JL
5T GPU i@ TS HoR il GPU fa 3¢ it
R MR IR AT 0, TH I 3 — B e
( Compute Unified Device Architecture, CUDA ) J&—
fft GPU _FIFATHH3 1) 4 FEAE SR , CUBLAS (CUDA
Basic Linear Algebra Subprograms ) pR%{)Z%E & CUDA
IKSNFET F R, B R RS B e i 12 5
AR BERE .

2.2 ETREEENRGTMESEESE

WA BE T ) s SR AL 5 BRSO Y, A
R A ER=D i e 8 RENE 2, S/1 I S

1) MR PAEE p e A MG = 10 1k, 74 2 A
fEomis;

2) M 2 IR f, RPN @, A AL T
GPU Wy IAT 5 T A i %, =X (6) TH A A
AW ZE W E T R C MM AL S R S
SR B 2 RS 1 E C E A A )
Y S5O0 AT, Ao B R B R A B A A
o) X

3) MRAR ARSI £, RS W IR ARG po LA SAR
Kb o, FIHEET GPU WIFAT 5 S A i i, H
2 (9) A A Dyt ) o, 3 S AH G TR BR Dy 6 BOAS
ﬂﬁﬁ]ﬁ% @Eéﬂ)ﬂizﬁi{ﬂ%%%ﬁ%%ﬁﬁ Y s

4) 5T GPU AT A R S X 5
AR S O R Y gy, 199 3R AR, 753 210 AH S5 {EL 1)
i R;

5) MRAEAI G & R, By CPU #4720 B 3%
PRERFI DAY PRBR B ER TR, AT A HUE 52400
15 2B IR [, BPARNL o, AT IR £, Fh Y
VIAEAANE p, FALHER p 55

Z PR IEY S S HREBCPIRAT

1) B A5 5 1m sk, BB AG S E S;

2) MM £ SRS RIERAHAL po, LA S AH

el 8., Fl FH AT GPU WY IH-AT15 5 A B %,
A AR s DR i RS TE 3 AR S 1A
8; 3 K A~ 18 i A M Dy B 17 S 2 BAS b 22 3 18
S ANEFERE Vi 5

3) MR8 22 2 W R S R UAHL o, , FI)
T GPU WHFATR S A 0T i MR A M 2 i
BEP S E M S C TR A Z HES %
DN Yo 58 2 E 5 A C HIMG
B AR R B R AR SR, 15 B A M2 {5 S0
a8 Yia_ees

4) 3T CPU FFATH R AWM S B 15 5 5 %
Vi SHIAG T S BN, 155 K A0
(ERCR PR N T EFISINILY EPSIEN T

3 BENKIE

SR

W CPU |2 MKL ) it iz 5 SE B
Z B S G E B S AR AL T GPU JF
I R AR ISGE 1 iz BAERT, 7304 GPU i85
PIEEVERE . AR T 10 5 N BUR T 2R 8115
AR SE IR B AR OCAE, S0 b AH G Is B E# . 1
HIGFE4 CPU 4 Intel Xeon E5 —2640 v3 8 #%
16 LRFEAUEHIZS , 324 2. 6 GHz, GPU 2k NVIDIA
Tesla K40m

PiEAR 5 REEEZ Ty 25 MHz, fhE % ] GPS
P iy, fh fith 34 2 g 10.23 MHz, £ 3% 8 55 % Oy
1 kHz, #HICHRIMKCEE D 1 ms,
3.2 ZBRWEEHITINEERE

) Nsight Performance Analysis . ELilli{7E
ARG TE B, BT GPU SEE R #ifE & 2
SGISTENE - B oo N G T = 0 S 13 E I
QueryPerformanceCounter J|i& 3L T MKL SZEL Y™
W 5 2l TE WSO SRR o AN [7) 38 18 250 A
7L IAER Al 4 Fs

150 .
é
E
= 100 f
E
=4 —k— BlE i GPUSBLRE I
g 501 —O— BB MKISEBALR | 1
=
i
KooK K s e
g 20 40 60 80 100
£ BRI

K4 ZSHfESHIGHEE GPU 5 MKL 528z AR M
Fig.4 Time consumed by the calculation of pilot signal

receiving channels implemented on GPU and MKL



54 e AN o 4

5539 &

M H AT A BT MKL i) s 50 52 8
J7 ik, A ROE K 20 7 B B RE I K 6 A,
CPU ZRZ AL BLAR 1 F-AT PRI 1 vEfE. A
ke MKL 528, GPU 5287 i G I B /b, Bt 35 i i
BHHE 2 FERH R B 23

ZFHUE S HWGEE GPU 525 14 MKL
SR IR INGE L R e R WAL S B
Wit A R H G 22, R B 7 s AR e
KO Y FEEE IO, GPU i EE AN S A4~ 38 i
35 A, R E 40 i IERS 75 A, T
ZiIE 5 A P RE R GPU W FAT AL BRI

2 g0 . : . :
=
=
gt 70
g
& 6ot - .
&= X:25
2 50 7 61.4
o)
i)
=] 40
=
B 30 | . . .
0 20 40 60 80 100
HGEE S

K5 ZS5E T HRIGEE TS TERE
Fig.5 Parallel acceleration performance of multiple

pilot frequency receiving channels

L SPE S BIGEE GPU 5237 s 1Y RE B
WK 6 s, YimE RN T 25 1, 1 ms RAEEUR
1B RFERT /N T S A BEA () 1B, A AR 5
A I Hth 26 Rl 1, 5 CPU | 3 F MKL f9 52
AR EAINTH 2 61. 4 4%, BEfS SE IS I Ab B

25
g —o— BACBIECPUSF (T4 RN
g 2r — — — ST R SR A FE BRI R
g 15 F
Q:
5=
D o T T
o X 25
o ost 7:0.967
g
ﬁ | | . |
0 20 40 60 80 100
BUEIE S

K6 ZSHifs o iUCHE GPU SBlz AR,
Fig.6  Time consumed by multiple pilot signal receiving

channels computed based on GPU

3.3 EHERIE

A FHEET 1) BRI+ AT Z A G A3 1
AT IEAE 2 R NS0 Ai Y 25 A IF
DA IER AR DGR, D7 LAY 25 % 22 A0 e g th (HL
W7 Bs .

A LLE 5 B S BUS AR, AT T )
i AR IAT 2 A0 K ol ASE B LA 5 St
GBS STt T AT T

1
2 o0s
=
=
| 0
flang

-0.5 s : - -
0 5 10 15 20 25
SRR

(a) H—fLZAHME T
(a) Normalized multiple correlation value curve

X10°
4

HRE SIS RE
(=

0 5 10 15 20 25
LHIREBRET]
(b) ZHIKME B2

(b) Multiple correlation value error curve

K7 JT GPU i AR Z R i £k
Fig.7 Multiple correlation value curve error based on

GPU vector dot product
4 g

AR SR H LT 1) o BRI AR A T AR OG5
5, A8 T GPU MIFTIs S 1, B 1799 fS
SRS . P LT R R R
FIAHSRE A 05 S R Gl A R, 3 T gk
AR B IESSAH RS B S5 S S, R T
[] H 1B 5 1 22 S S G E B E T T A
Ty R k] B% 2B ( Binary Offset
Carrier, BOC) {5545, MILLTE FPCGA Hot iy
Tk %07 ik PR G TE R AR PC Rt
SRS, X IR A4S BOC {5 SRl Rk
RE 1B R G 7 8, Al )2 T S S
A5 SR WS AR S WA

K% GPU izBRES Mt — g i, 26 T GPU
REAS S I BT 2215 5 3 3 10 SR 592 IR G e i, 52
M ARG T ATl i 2 e P RE M 56k, PR
R EIRENL, 2 R G G LT KR
BRI .

2 % ik ( References)

(U] BIME, 2IR0R, WO, 6T 2205 i 1 B 2 A G



5 1

A S SR RN AR AT HSC A

<55 -

I ALT]. RALREHL, 2011, 32(4) : 55 -57, 61.
HUANG Yangbo, LI Jingyuan, OU Gang. Implementation of
high resolution multiple correlators based on differential
structure[ J]. Microprocessors, 2011, 32(4) . 55 =57, 61.
(in Chinese)

MG, TR, SR, BT RIOGHER FPGA SEBL[T]. dbat
B TR B, 2008, 16(2) 2 10 - 11

SUN Peng, YE Menghua, ZHANG Hui. The

implementation of digital correlator [ J].

FPGA
Journal of Beijing
Electronic Science and Technology Institute, 2008, 16(2) .
10 —11. (in Chinese)

TR, SRS, BT, 45, GPS HUHLARSCER AR 5T
e FPGA S [J]. RSG5 H =4k, 2008, 20 (13):
3582 -3585.

WANG Ershen, ZHANG Shufang, HU Qing, et al. GPS
correlator research and FPGA implementation[ J]. Journal of
System Simulation, 2008, 20 ( 13 ): 3582 - 3585. (in
Chinese)

2P}, EHELL. GPS R ML AL BT 5 S BT ]
Tk i LA, 2008, 38(5): 29 -31.

LI Dan, KOU Yanhong. Speedup design and realization of
GPS software receiver [ J ]. Radio Engineering, 2008,
38(5):29 -31. (in Chinese)

AL, RuT. GPS BIHEBHUAHOCH et (1], 3
HL{E, 2008, 25(12) ; 74 -76.

ZHAI Chuanrun, ZHANG Jing. Design of a new correlator
applied to GPS software receiver[ J].
2008, 25(12) : 74 -=76. (in Chinese)
2, ZHEEE, 4%, %, S2m GNSS R IHLIFAT
AR ], FAE, 2014, 35(2) : 213 -219.
XIANG Wei, LI Yuanling, MOU Weihua, et al. Design of a
real-time GNSS software receiver parallel correlator [ J ].
Journal of Astronautics, 2014, 35 (2): 213 - 219. (in
Chinese)

Tao J, Yu W, Qin H L, et al. A real-time GPS software

receiver correlator design for embedded platform [ C ]//

Computer Simulation ,

Proceedings of Second International ~ Conference on
Communications and Networking, 2011.

Wu C, Qian Y, Cui X, et al. The optimized method and algorithms
in the CPU & GPU-based GNSS software receiver[ C]//Proceedings
of the 22nd International Technical Meeting of the Satellite
Division of the Institute of Navigation, 2009.

LR, sK%E. —FRSCIT GNSS Il CUDA #I5Eds
Skl Cl/ /8 I o E DR S AR 2, 2014,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

XIE Weihua, ZHANG Jun. A new CUDA correlator algorithm
for real-time GNSS software receiver| C]//Proceedings of 5th
China Satellite Navigation Conference, 2014. (in Chinese)
Huang B, Yao Z, Guo F, et al. STARx-a GPU based multi-
system full-band real-time GNSS software receiver [ C ]//
Proceedings of the 26th International Technical Meeting of the
Satellite Division of the Institute of Navigation, 2013.

Park K W, Yang J S, Park C, et al. Implementation of GPGPU
based real-time signal acquisition and tracking module for multi-
constellation GNSS software receiver [ C]//Proceedings of the
27th International Technical Meeting of the Satellite Division
of the Institute of Navigation, 2014.

K38, R/NE, BRAED], 4. BT GPU [y GNSS {55 MR
Bt 59IT]. RBREM RS, 2014, 39(5) : 59 -63.
ZHANG Yao, TANG Xiaomei, CHEN Huaming, et al.
Design and implementation of GNSS signal tracking based on
GPU[J]. GNSS World of China, 2014, 39(5): 59 - 63.
(in Chinese)

HEEF-, D187, BRIEWE. FET 05 N BUE i RoRs BE
AABZ2ETHLT]. A5 4ER, 2004, 41(10) : 16 ~18.
TIAN Guiping, WAN Junli, CHEN Yantao. High precision
digital phase detector based on inner product theory [ J].
Electrical Measurement & Instrumentation, 2004, 41 (10):
16 —18. (in Chinese)

WIESE, 2, BRESHE, &5 [ BRI R AR 7E O I BE
RO LT]. el FHAR S5, 2002, 15(6):
31 -34.

HUANG Zhengying, LI Ji, CHEN Jiexiang, et al. The phase
difference detector by inner product applied in laser phase
distance measurement system [ J ]. Optoelectronic Technology &
Information, 2002, 15(6) ;: 31 —34. (in Chinese)

B UL, BT, XBICH. 3T CUDA [ [EFe sk fl FFT 44
el [J]. FEHLTAR, 2009, 35(10) : 7 -10.

XIAO Jiang, HU Keliang, DENG Yuanyong. Ability test for
matrix-multiplication and FFT based on CUDA[ J]. Computer
Engineering, 2009, 35(10) : 7 —10. (in Chinese)

R, BE, R4, & 5T GPU MRS AGES
S AR LT]. FEAIE AR, 2016, 36 (3):
30 -34.

MOU Weihua, WANG Lei, ZHU Xiangwei, et al. High
dynamic navigation signal real time simulation and generation
based on GPU[ J]. Journal of Astronautic Metrology and
Measurement, 2016, 36(3) : 30 =34. (in Chinese)



