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Abstract

This study aims to advance multidimensional information transmission technology using direct
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sequence spread spectrum for real-world engineering applications. This paper offers an in-depth
theoretical analysis of multi-sequence mapping, two-dimensional information modulation, parallel
acquisition of correlated channels, and pseudocode tracking. The project centers on designing and
simulating key circuits for generating and receiving multidimensional transmission signals using a
field-programmable gate array (FPGA) platform. Simulation results show that the multi-sequence
mapping and two-dimensional modulation module effectively produces multidimensional transmis-
sion signals. Furthermore, the parallel acquisition module for multiple correlated channels accu-
rately captures pseudo-random sequences, and the tracking module successfully performs pseudo-
code tracking. These advancements greatly improve the engineering capabilities of composite di-
mension direct sequence spread spectrum technology, offering a strong foundation and substantial
practical value.
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Figure 1. Block diagram of the transmitter side of the composite dimensional communication system
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Figure 2. Block diagram of the receiving end of the composite dimensional communication system
E 2. E6%ERERGEURFEEIER

5 AARL,  HRc t 75 AR B RENLRE 1o XA B2 B A B LR D B R A, R
HIONBENL SIS . XAV BENL S T SR RS SREAT R R T . 203 m AR SC 85 BB 58 BUAH 5%
AR F

F =

m

O t—y

J(n)R,(n)dn )

THE ORI R AE R, JFAS R R OV D IETE m =i
Fmax:Fm:i:MaX(Fl’F27”"Fm) (6)

Dy [ DA AR R s R O A I8 TE m=i BI04 7 51 py (n) i S AT 45 I8 7 ) W] 45 2 2 17 2o
E%(”)%%i&fﬁyﬂ:

D, (n)=3(n)p, (n) ™
3. Bt

TERNHT B RE S EAAMBAR ISR RIERE B, 3T FPGA P&, XEY AH 245 B
SE A SRR BT MBS 5 R R S AR A 1 3 BT

MIE 3 FTLLE H, Byl 2 4645 B E 5P AR & WS =R, B IR,
Pt B0 . BRI & B (direct digital synthesizer, DDS) LA 3feyZ: ge i

RIEI BTN R — R RO, BN TR BT R R R R e S I A R s, ik
P T R B B AT S ERAT AAC B . B2 DDS REHRL A ) E ik i i ek B AR R 58 A S R

DOI: 10.12677/hjwc.2024.145011 83 Te LR i@


https://doi.org/10.12677/hjwc.2024.145011

THE, &g

A

S B BHIER S P Teihas >

B i
PR

A
' : i
| I
! i G
| |
| I
| |
| |
: |
|

B = A AR PR —

AR

PR

A
:
|
|
|
|
|
|
|
|
|
|
|
|
|

T S T S L e :

Figure 3. Composite dimension direct sequence spread spectrum system signal generation structure diagram
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Figure 4. Composite dimension direct sequence spread spectrum system signal receiving structure block diagram
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Figure 5. Clock generation module structure diagram

Bl 5. BT AR REE M E

4.2. {RRDFEEARIR

ZRGEH I BENLT 514 Gold 5. Gold fithr= A= o S s — AR M IR 1A% 1 2 A7 4% [8] (LFSR)AE B
PTG m FPFIGEF TN m 3] A R m 78 B). 1X805 51 B2 HAT AR [ ) AR AL . 2 kX
PIAS m P IEALEEAT AR 2 AN (RIE A HEAT R BUE 5), A GBI 41 Gold %4 id an Rl 6 Fizr. Gold fi%
(R GE R ARG R8N PE R LFS S ElfedE o JXRh G A4 00 A1 S A7 B T REAR RV RSB, b T R4t
MR ZbE, 18T RGMATEENE9]. Gold 54 k& B KA 6 Fin.

WA 5 % m P, N 31, RABERE 8 45 F1 67, HRI R I 5 A

G =X"+X%*+1 (8)
G, =X +X*+X?*+X+1 (9)

X AR R ) SRS R U R ] 7 Fs 7 FPGA FT & T B (Xilinx Vivado), fi) & — ™ Distributed Memory
Generator IP #%. ZJGHCE IP #%: % “Read Only Memory” #(ROM =), AL E ROM [KVESE N
256 FN9E B2 1 LAVT A= i i) D BE BT B4 FE A% 2o 555 s A i i) e 410 ST A 31 1P A T aa A0 SO A
KEGP IR O BT 51 7] PArs R 4E FPGA it i, 484t 7T 85 B4t R FRIBENLEUT 4. A

DOI: 10.12677/hjwc.2024.145011 85 Te LR i@


https://doi.org/10.12677/hjwc.2024.145011

THE, &g

a, —» a8 — a, —» a, » a, —» g,

a, —»4a ——»a —»a —» a a,

) 4

—>]
NP,

Figure 6. Gold code construction logic diagram
[ 6. Gold FB#aEiR 18 E

A

A

R T WA ENLF ZIVE AT SF 5, 4353 Matlab 25 %72 1P #% i .
4.3. DDS #&Ri& 3t

fili/l DDS IP 2 SEEUAOY 1 MHz B3, WA 2 3000 =5 A7 45 67 T8 A7 1 HUE 5202 (9 RAM,
I RFEIR F, =50 MHz DL i3 224 5 500K F, /28R %467 M, AW T RoR.

F =F *M/2" (10)
4.4, FRFFB/ERGI
y(k):NZ_;a(n)x(k—n),k 01 (1)

£ Matlab %) T 2646 3 Filter Designer, #it ] 16 f5 U8R & KFE, &1t 64 Fi FIR JEHE &, K
FESFR Fs = 50 MHZ/16 = 3.125 MHz, £ Filter Designer = T [fii /5 7 Set quantization parameters ¥4, If
WEFKAN 16 iz, i Matlab “Efli.coe S, ST Xilink FIR IP s i 4 248, BCE 1P
ZH, BN OAALTESE . W1 R B 7 B i 2 im air 1 h 22
5. BT RE BRI T
5.1. fRB4NL B BRIt

RN IRDR 2 IR B BT ERE, B FPGA SZBL 2 /040, $EH—FFIA VCOINCO [HIN 7= 4 A H
TEAZ ) TR 5% (1 g~ P 3 5 X, R R E s 8 Firow .

5.2. MEEFEPSBREIT

A0 5 S8 38 W AR R AN ER B /NI B, — B O RS ()20 FE B AR B P A DGR A . DAL = AR A AT

Pl AR A T R A -

DOI: 10.12677/hjwc.2024.145011 86 ToLkimlE


https://doi.org/10.12677/hjwc.2024.145011

THE, &g

Magnitude Response (dB) and Phase Response

T I T
0 — --0.08
10+ 4-2.912
20 1-5.743
Q 30+ --8.575 ’@
g | s
g 40 F \‘ —-11.4068
= ‘ =
o ‘ P
S 50 1N -+-14.238 8
\ A o
-60k y“ ‘\ '\ A A\
- = ‘ H \m" i Wi ““ w‘" .‘\ J‘”“‘ -\ [ (’/\ "k"v N \ 7
0 AR R RRRRR AR A AVAVIVAVAY
[ R T VA O TR VAT IR VAR R VRV Y R
B0 I e
0 1 1.5
Frequency (Hz)
Figure 7. Filter amplitude-frequency characteristic curve
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