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The GPS acquisition method based on Nios II soft core

TIAN Jia, WANG Wei, SHI Ping-yan

(China Academy of Space Technology(Xi'an), Xi'an 710100, China)

Abstract; In order to solve the problem that the traditional GPS receiver cannot adjust the frequency search space and
integration time adaptively according to the characteristics of the received signal, the GPS acquisition method based
on Nios II soft core is presented by this paper. The Nios II soft core is responsible for accommodate the frequency
search space, the coherent integration time and the non-integration time. The VHDL part of assembly line structure
is responsible for the parallel data processing. Therefore, the parameters can be adjusted adaptively by the method.
By using the conception product which embeds 1 Stratix III chip, real test result shows that the acquisition works

well, the frequency search space can be changed within 100 Hz-80 kHz and the integration time can be changed

within 1ms-30s.

Key words: Nios II; signal acquisition; Stratix III FPGA; GPS

1 35l

HHEr. BT R0 M KA L 3 3T GPS
(Global Positioning System) & & 1Y %5 8] 5 it .
SIEAATERR B 2 1 01, BiE B HOR I L T,
TRAT AR A B BRAT 0 B B E S Bk £, dn e
TR IR A e I K 1 B B R A O kAT AR AR
PEHAEN B A GPS 2R R e &Y. T
SESEIME B CAT R AT DATE A 3R IR fE 5 T R I
EA R ILTEITR

WiRE:

2019—02—27; {€EIHHA. 2019—03—22

B4t GPS #: W HL— it & & T VHDL (Very-
High-Speed Integrated Circuit Hardware Descrip-
tion Language) &5 15 11, S0 15 B2 [ 2 1, He
SIS SO R E S BCE 3 R ARSI ] D
XFPORAE S T AEE 5 S 55 N 3 55 [FIAE 05
AR I 2 AR AT L 1/ 2 B K 1/4 B 3
PR, H2  RIGPEA A L A REAR IR IUE 5
(18155 T HE A T SR D 1) S 0 . 3K iy SR AR AR e ]
(R R IRIE I o DA TT S 7 4 s ]

BIX F R )R, A SCER MY T —Fh T Nios 114k



8 T T AL

2019 4F

R R 384 3 7 925 - VHDL 85/ AU F 51735
KR IBEGIN T GPS $UHLAY 2 15 BEAR T AR T
) B T AR A AR,
2 Rt

K1 R ARRIE M R G A, i R AR AR AR AR
He o B JF B i e, B4 92 fF % IR T, DDR2
SDRAM # il % . DDR2 SDRAM ., % T i 7K £k &b 3t
(Y4 2R B P F Nios 11 3k 4% 4 B B #F 4+ DDR2
SDRAM F Nios II % 4%, H 4>
SCHE.

Nios I ##%

UONCE S gmapsk | (Hamspre| | DDR2 HT AL A
SRR BB [ BB [ o SRRAM =1

DDR2
B 1 RigpiEd

SRR LS T X iy A AR 2 ey
W5 5 RAERFIE 4. 096Mbps (IIfE . & 4%
LY T SR A IS B ECE 5% S OT AT 32bit 1Y B dE
I B G AE A TRl Nios TR 4. )5
3 DDR2 SDRAM # il & PUATH 48 E K EH RS
A DDR2 SDRAM st A H: v 32 R i #4E  IF 5 4%
5 A DDR2 SDRAM i {f % 7 19 1ms W45 1%¢
{HiR 71 2 Nios T H#%. T IK ZEAb BRI ARAR B
SR Nios T A% F8 425 1) 2238 i L AH TR
Ayt a] . AE AR T R4 B [A] & PRN (Pseudo Random
Noise) ith, W HE2E 54 T B3R, I8 974711
AT Y A L WA A bR L Y B o 2 Il AR &
Nios I #0 4%, e 2 1 Nios T 3K 4% H W /2 75 4l 3k
.

2.1 T%%ﬁ%ﬁ#ﬁﬂ%iﬁﬂ'
T ASTRAEAE T AR T AR 2 A% R SRAELS
£ R e AGC BRITd 1, HoR B EIIE 2 s,
IR F K R ab B 00
AT
Mﬁ&FEﬁH 21‘%?3’:#|—-|5%'F%1¥|—-| AGCEPJT:‘
2 ISR

P T AR ) sine F1 cosine {HAFEFE ROM
AT R 8 bit. 2 A% TR SR IR SRS A
FIR(Finite impulse response) JE I #% » EL 18 7 551 3R

SR VHDL

4 5 MHz, B 5558 Sk 10. 24 MHz, 383 #5 09 9 5%
A 14 B SE ECE R 15 A4S SRR S 5 R
12 bits. HAF R 5 K& 3 Fis.

0

|
[
=]

|
ES
o

Magnitude/dB
1

=3
o

8 10 14 16

S
)
) S P
=3

Frequency/MHZ

3 2T REERK AR

5 A5 T RAEH R A U B s FIR 38y, H
AP R 1. 073 MHz, AT ) 2 MHz, 33
AREIBTECN 32 B, 3t 33 A REL A R B AL
BEh 16 bit. FLAARE N AIE 4 K.

0

I |
= )
=) =

Magnitude/dB

|
=3
=)

5 6 7 8 9 10
Frequency/MHZ

S

—

o
w
~

45 BT RAF IR B 25 55 2R M R
AGC FIT2 MR fay A5 5 1 5 55 U8 19 45 38 Y

AL TR Ly R 58 8 bit.
2.2 HIEEEFEEEHTEIT

B oA s Iiﬁjnﬂﬁl\jﬁﬂ’ﬁ% Fan 1 s,
Nios 1T x#% i i Avalon 525 58 i 5 A BLHL (1) 28
B, BARGE

(D avsAddress= “0000000" i , &l % 808 K
JEIH T avsWrite fl1 avsWriteData 5 A S S 474
FREATT s

(2)avsAddress=“0000001" 1, 3 11 avsWrite-
Data 3 X 53 # M 5 (4l 5 A DDR2 SDRAM f1) 4
A F1IM DDR2 SDRAM i3z th 2 A7t 46 4 5

(3)avsAddress=“0000010" i}, Nios 11 # 4% i
1 avsRead ¥ 425 A DDR2 SDRAM B Fir Xt g
Ims B} 5 31 80{H LA avsReadData %) JE 20 3R [0] 2
.

[i] DDR2 SDRAM 42 [T 3= % 5¢ il 5 M A% 2%
FE RS 2 B [) O 4 i He e 11 2 82 1] T4
WSt A 1) et B B AR AR (A



M5 » 3% . — 7l Nios 11 FCAZ AU 9 w524 GPS i3k 77 1%

9

11
x| BREFEESTRMMESED

EpmEgi 5% /O fisE
[i] Nios 11 A 01 avsClock WA 1 bit
[7] Nios IT A% 1 avsAddress A 7 bit
[7] Nios 11 &A% 11 avsWrite A 1 bit
[i] Nios 11 Az A avsWriteData WA 32 bit
[7] Nios TT %A% 1 avsRead WA 1bit
[ Nios 11 &A% 11 avsReadData il 32 bit
[i] DDR2 SDRAM #3 [1 waitrequest_n A1 bit
[} DDR2 SDRAM 45 [ sdramaddress Wil 26 bit
[} DDR2 SDRAM #5[1 sdramwritedata i 32 bit
[i] DDR2 SDRAM #3 [1 sdramburstcount it 3 bit
il DDR2 SDRAM #: 11 sdramread il 1 bit
[i] DDR2 SDRAM #% 1 sdramwrite i 1 bit
[i] 5 I e s ez 11 newData B 1 bit
[F s e At g 1 inputSignal HIA 32 bit
[ B e i ez 1 timeStamp HiA 32 bit

2.3 BETFRMKEZLENHHIRER

FET UK Z A 35 1) 4 AR S A AR P L 5
TN B R ) PCS(parallel code search) ™,
FET B9 4096, B340 3B T AR I e 229
#%. Nios T1 80 5 il i Avalon G2 #6482
JEFE AR ] ARAR (] A PRN 5 & 126 2 4l
PG HETT P BT EE 2 - AR
YR B RIURYF 43 R 24> Doppler bin, Jf
XFEE4~ Doppler bin Jr X I (1) 55 5 5 3 22 28 9 0 R
I 2 2 i AR AR R R O s e A A ¥ A
TR Bk (R A E AR AR50 05 T8) TE 25 AH AR s

FHEAA TR B o PRN 28 P 77 A i e,

FIRABL ARG N 4553 SCAH AR (1 K /)N, 1
R B R 1 — 2540 3 T3 S A 40 3 B B AR
e e 2R D AR A B8 S b off 22 [l A% &2
Nios TI #4% . B Nios TT 3% B2 75 4l 28 e 2.
2.4 Nios Il ##%

Nios II ##%% A C i&
AR AL HL RIS

(DB TAER 25 MRS FE AL 52,
FEARYE ST SR B B B T A A
GAFEPLATC, R S BRI 2 B RAEE R E
JE BRI 1E 4 B B T I A T K 2R A B
SHE/R S

(2> PRN J30 348 Z 0 ] AR T3 1 (8] Ak
AHA AR B [ TAC 5 2 05 T A0 7K e Ak 3 1 il AR AR B
BEHUE —> Doppler bin X 7 1 WA | I (H AL B |
YIE M ARUEZS , 313158 ) SNR (signal noise ratio) ,
HEAH B AF A A% N B XN 5

(3) B /> Doppler bin Ff X 7 44 {F , 16
{EAR AR A Kb o 22, T 1H 5 5 SNR. %5 1 SNR
KFH—A> Doppler bin X} i) SNR, K55 —
> Doppler bin T Xf N (S 8E B 2 H —HSHZ
b AR X S MR AR XA S 5

(4) LAt 24, H 208 Ir A Doppler bin &b 2

%,

) BEBURAZ AR X N Y SNR (8, 25 HoK Tl
ARUTBR » W AR B 25 /N Tl 2k TR S WX S 564
B AL PRN SR 743K,

o

=]

9 R AT R AT AR B

2
Jo

AN
T lammmalo] mr T U R 1 B T b e B>
84 |
B 1
s | TFFT |l st el
= BELE ] Frr ] e 1 A5 A S A {0
4] 4] W |
gvsBug WEE® ST
Bl 5 ETFikeaiEpmrsEiRiEg E

3 LMER

ASCR A Spirent GSS8000 FiUF 5 Tk = A
RATERAEANFFGE T T LI s ey GPS L1 {55,
I AE — F Altera Stratix 111 FPGA 347 I1

TR TN S5 5 AP 6 Jir.

S A R AR REPEREIE # R SR
FI I 7E 100 Hz~80 kHz A R i )4 . B35 [1] 1]
15 1 ms~30 s A RTGYIH. I H o] LUE AR /AT
BUIEF RN AR 5 TR L A A 7 K.



10 BB T AL

2019 4F

6 MiXFE=

4 HEFRIE

ASCEF WAL GE GPS HALA REAR I 0 f5 5
FRRF I 19 3 L ) ] 003 4 389 LB R 0 ik [ g )
L AR T —Ff Nios TT HOR LM Y 20 GPS Hifi 3¢
T3 AT LA Ao B0 2 B R0 I B ik Ze =y
VHDL S5 4452 B b i b 2R S0 25 R R B A J7
¥ T LAAR e 183 107 A () 102 FH 3 5 rp g BR A 3R Y

S 30k

[1] KAPLAN E D, HEGARTY C J. Understanding GPS:
principles and applications [ M. New York City, Artech
House, 2006.

[2] VAN DIGGELEN F. A-GPS: Assisted GPS, GNSS, and
SBAS [M]. New York City, Artech House, 2009.

[3] XIE G. Principles of GPS and receiver design [ M]. Beijing,
Publishing House of Electronics Industry, 2009.

[4] CAPUANO V, BOTTERON C, WANG Y, et al
GNSS/INS/Star tracker integrated navigation system
for earth-moon transfer orbit [ C]//proc. of the ION
GNSS +, 2014. Tampa, Florida, USA, 2014.
162-170.

[5] CAPUANO V, BOTTERON C, TIAN J, et al
GNSS to reach the moon [ C]//65th International As-
tronautical Congress (IAC) 2014. Toronto, Canada,
2014.55-61.

[6] TIAN]J, WANG Y, WANG W, et al. Cross-Band ai-
ded acquisition on HEO Orbit[ C]//65th International
Astronautical Congress 2014.
2014, 121-130.

[7] TIAN J, WANG W, WANG D, et al. GPS CA code

cross correlation mitigation technique for HEO orbit

Toronto, Canada,

acquisition[ C]//66th International Astronautical Con-
gress 2015. Jerusalem, Israel, 2015.:54-62.

[8] TIAN J, WANG W, WANG D, et al. Whole MTO
orbit acquisition method based on FPGA resource re-
stricted platform [ C]//66th International Astronauti-
cal Congress 2015. Jerusalem, Israel, 2015:33-41.

EE B

B = 3.0987), Wi+, s THID. WF5E 7 0k %5 6]
{55 S5 AR, E-mail : jia_epfl_tian@163. com.

F & F,A9700) MBI G WSO I A [ME AR S
A,

SBEE F, Q9640 M4 WSS R W R 5 i
HA.



