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Abstract: The GNSS(Global Navigation Satellite System) signal system technology has made great
progress, but there are still some inherent technical problems which restrict the improvement of the GNSS
signal ranging accuracy. For this purpose, all major GNSS service providers have carried out related
research on new GNSS navigation signal system technologies of next generation. Based on the idea of GNSS
spread modulation, combines spread modulation with OFDM (orthogonal frequency division multiplexing)
modulation, designs and semi- physically simulates a new type of spread OFDM modulated navigation
signal. It studies the generating mechanism of spread OFDM signal, the spread OFDM signal is modularly
designed with FPGA technology and is implemented semi-physically simulation based on the Xilinx Virtex
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-7 chip. The simulation results show that the spread OFDM signal designed has certain engineering
feasibility and has accumulated experience and laid a technical foundation for the subsequent realization of
the engineering of the spread OFDM signal, which can be applied to the development and research of spread
OFDM baseband signal.
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H i LA 3£ B GPS(Global Positioning System) it F 1423k S i T B & 4t (Global Navigation Satellite
Systems, GNSS) & 2 B 0 {5 BB AR — 1~ [ 5 sl DX 22 ) FE At it 2 — 26 5 L RO & A7l sl 45 31 1
J7Z R . GNSS fiik 55 45 0 AN W7 41 e i 3l 17 GINSS R A Wy ik 25 FRR 22 K
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1 000, h% J& 4 10 ms,
O #ii OFDM i
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2 EF FPGA M¥$ OFDM {5 S#s L ig it

AR 38 2L I b R B AR e BPSK it L OFDM 3 il 3 1T 16 28 5 A B 5 9745 OFDM 7= A= B B (1 15
PP FEME R Z R BB T 500 OFDM {5 5 AL E AL 53T, 52 i T 3% T FPGA [ 451 OFDM {5 5 B H 4k 1y
wit.
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T LG 5 0B TSR A0 R ] 4 5 A5 5 X S SOML A 2 DR S R A 2 R SRR AR L O
it Y00 P 30 Ao L 50 A b A 5 e WS 2 T ) R A 2 Dk 0 A5 o AT okt B BB RS B 5 B A [ AP ORS B 2 IR0 A )
MRR

B - & S AL SR BT B0k 200 MHz, B AE Ry B 4 (5 5 7 A= S R 400 G B sl o A 1 2R 48 T i 2 1Y)
B TAESCR . RGBT Y0 A8 10 ms, i34 1000, 5584 % 0. 1 MHz, OFDM i il 2 64
T H P IERFTZ S OFDM 4551 1/4, —A> OFDM R4 B4 8 2 A W 094 55085 . P31t 47 45 Ay %) 250 40 ok
R 50 Hz, T M Z )5 7 2 8 e, IR B 943 OFDM 4% 5 360 0.1 X80=8 MHz, iX B X}
OFDM £ 5§ 45k T 5 B fe 47 451 7 20, B 48 8 2 % OFDM #5555 748 o0 1 47 0 B0 i 26 47 9 450, 14 ik
OFDM 455 51 31 55 3 J5 (1) 3 %k 50/8=6. 25 Hz, OFDM 52 & % 50/8 X 80 =500 Hz, % 4hikA —4
1 PPS{5*5,1 PPS 551 A B L i i A M55 [8) 20 AR 5

FPGA Jir#£ {1ty PLL(phase locked loop) # 3 , T L 3k i 17 B 4sh 48 B 335 o5k L A5 23R 435 A3 43 931 . Bsf 6 A 7
VAR AEIRE . Tk S A B R D 2 R PR T g 3 W 2 A, PLL ) FH AR 3B A B2 2% {5 5 45 1 B R
P FB IR 3 15 5 14 050 232 RAH 67, R DA SE B 05 5 MR X i A S 5 R0 B s B ER . A AR R AL
200 MHzB B iE o PLL 54045 A5 4545 2] R 5 o e 19 Br A5 i 5 5. i 8@ i PLL, =4 —4> 32 MHz 1)
Fr Rt 5 1 8 MHz 4 OFDM £F- 584055 ,0. 1 MHz,500 Hz,50 Hz,6. 25 Hz i8h{55 H 8 MHz
(18 B 4 55 43 0 5 3B 2R 4T 80,16 000,160 000, 1 280 000 434 A=, f1 T 32 MHz Byl it 8 {55 5
8 MHz (4”45 OFDM £ 5 B} 8 {5 %53 5f PLL f= 4, B X AN B 2 [ LA R & R 2. X F
0.1 MHz.500 Hz.50 Hz.6. 25 Hz B4 {55 . F 1 PPS BBk o {5 5 647 [ 45 . A5 244000 1 PPS Bk oh 55 I
T B B I o 0 TR TR E 0 LA KON A 8 I R A S R 1, AU PR IR 7 A 08 B A S O 23 PR ]
(18 i) R T 1 B0 A6 A 1 i R 36 1) s G TR) 2 R R
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Matlab 74 {3 i L SCFAETE. coe SUPE L FE FPGA th 3 AL coe SUE, BT HE S fift i SCAF A 7E FPGA 1Y
ROM i $k 10 7 20, S0 S0 H S L 500 Hz (9 4pi . MR 4 BPSK ¥4 il JE B, £ FPGA #31
SR B e 0 5 3 RV BRI SR D 1 DR S ) B S S 0X40 5 B B A SR Dy 0 D e S
AR S 0X60 , BBt I A 5030 k2 335 O 0X00. Bk 5 5 A K9 M X0 8 - 1 45 50, 1 [ B B qo
6 /NI S BB AN 2R
2.3 OFDM i #ll fRi# E B it # T (IFFT) g3t

MR P 2 SR, ok P e A8 L 336 AR e (FFT) & 09 2 B 47 M 0 A9 % B . TFET (inverse fast Fourier
transform) i35 B A B % 12k F Xilinx 28 7 89 ISE B & v7. 1 #§9 1P K%, [F 75 B 0k iy A B0He 2E 17 2 2 PE Ak 2,
K MK 45 # (Pipelined Streaming 1/O) X Bdfs dE 47 B 2L ML AR B, HE %% % 30 (Radix-4 Burst I/O) BT 4
2% Block RAMs 387> 176 4>, Slice Jdi/> T 2 4>, IFFT A8 B FL B0 64, 4 BRI R I @ i 2 Al
FOBCHE o] IR S s SRS B . A B RO A S i B O 16 bits, By U A B 2RI ¥ (nature order)
2.4 EIRETREDR

A1 A 2545 B 1) S 0 2 A P - b ik 4 (R) 04 64 1) RAM {7 A IFFT B8 i) 4080 . otk 15 5 il 1
— 9 IFFT B4 1 0 19 F 4 INDEX {55 82 43 76 25 0 8 s g2 B — 22 OFDM #5519 )5 16 454
SHIENET 16 AFE Y R A RS OFDM £55 T8 5 80 A% . A (4R S SUAE [ el 3 i
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CTL
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CP_IN

RAM

WA

INDEX

P 3 (R iR e D 2 T

8 AT S0 I EL A S B oK i A Bl CP_IN A RT 48 MR AE A 2] RAM v, IS 49 A IF ih i
¥4l CP_OUT, #uht {55 INDEX ki A%l CP_IN 9 N bx . [5] B A8 CP_IN 462247 A %] RAM
F5 64 DEEH S B RAM H i 64 B #0352 .
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£ Xilinx A ®] () ISE ¥ & b, M 4 5 20 18 B g A 7 07 A9 0 . 72z i A H clk, rsta, ena
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FAS R EL 5 B 0X409 A1 OX6ES , 1 F 55 0 i At . Br L G1 iR s i R A “ 17956 3 Al 10 f kAT
B2 HE L A B A 25 R B RS L AT AE A 1 T G2 B R R B 1A 2,5.6,7,9 A 10 fE R AT 2
AN 15 B 25 R R BIR AL T A7 4 1 . B A4 G2 155 5 M 9 (A7 48% 2 MM i 5 B 0 35 77 4%
G1 #9255 10 {57 PR AR A= i BIA Gold F3IME .

Wit rsta (G5 E BB FALRMWVGME . 76 ena (G5 RER GEL B FAAEAS GL 5 G2 B, ™
YIRS, &IPS ET 10 2 0X3ET7,

2.6 ¥ 3 OFDM F=4 &t

PR OFDM 861 J5 #4745, B X%F OFDM £55- #6479 451, A BTS2 3% J& %k OFDM 3 i (1) 4

NP AEATY I oS SR B 4 PR .

- Wﬁ_/fOFDM
OFDM 5 e ) %
e HH il i

Bl 4§45 OFDM Jii 3 &

Bt OFDM 55455 80 A7 2 - A5 Ay 500 Hz. § A% % % 0. 1 MHz. 4t OFDM 7§ 5
HARN 8 MHz, T OFDM #5528 bit B9Es . M4 S 4 1 bit, ZSLH X OFDM £ 5 #4745 . A SC %
ALY BIXS OFDM 55 gE 47 #2320 8 A2 OFDM 455 19 B8 i % 728 O 1 07 19 B8l it » 155
IR S AR T S8 SRS R G 4

@ H I Fe e i R 1 S B o DATA Sy g A Bdl » DATA_Enable S iy A dls A 2% {5 5 . DATA_OUT
o 80 ki B ds . DATA_Enable i B . K = 8 R B g ABHE DATA 772 Je ik 5E H (FIFO) 77 it & b . 4
b AR AR AT I R — L 80 f T RS I AR B TF IR G A i 80 % I AT Kl dl L 24 TR S 79
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B, 3478 DATA_OUT, Hi -4 i i 14 S BRI AN & 5 s .

DATA_OUT(0)

DATA
DATA_OUT(1)
FIFO
—_—
DATA_Enable 3
LEE 1S
Count_80

DATA_OUT(79)

P05 H I A 480 A S BAE [

@ AL TG AT B AT 5 3 27 B LR T 3 0 oA it 78 Dy LR 3 R RO TR A B I
AL SR AL, TS R N 8 A, N ke FPGA il b bRl R o 15 5 8 R A 8 £, 52— 14
LA LA S 25 A I A (58 8 3 S0t o AT T L A B o

P 1) 52 T At e Xt A5 S 55 9 AU 1) S ORI X 80 AN IR AT SIS SR AR TR 1) 7 A kAT 0
P AE FPGA BT {5 BRI i B 5 B -5 A2 Oy 37 30 R A7 AR s . 80 > S % i 47 W7
G YW 5E e AR R D AE S BLIE X 9 i e 52 1

@ I Hp e 0 9 B 5 B SR B s O B 26 00, U AN T FIFO, 24 3647 50l A A » DL AR 47 808l 1 R
N I AR 80 THRAR T R TR R  H AT Kde T 4 i

3 ETFFPGAMY I OFDM S+ HMEXIUEMRE

F A TR 58 UG - XY OFDM {55 #E4T 1 A8 78 THUZ B B0 & AN I 2 TR e it 47 1
e I AT THCE U5 5 BEAME 5 R IR 6 fs .

B, S % o 55 IFFT B L 4 A e
BB 2 A 15 ) A 5O | ey [
o U A R

K6 HRGHE

KA Xilinx A F# Virtex-7 R0 VCTVXA8ST ({5 A X 4 OFDM {55 BEAT 12 1y B 8L 5y KL
Zeid Xilinx XST L5 8458 )0 -8 1 W IR BE I i A 00 . A &L 7 s .

Logic Utilization Used Available Utilization

Humber of Slice Registers 9962 607200 1%
Number of Slice LUTs 7922 303600 2%
Humber of fully used LUT-FF pairs 6352 11532 55%
Humber of bonded I0Bs 6 700 0%
Humber of Block RAM/FIFO | 8 1030 0%
Humber of BUFG/BUFGCTRLs 9 32 28%
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TEXBEAN R G i A Ry A 2 - AT Modelsim B F2E4T 105 KL

O {5 7= 4
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31. 25 ns, fg K IE 7R 2R G0 AT LR 32 1938 B
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