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Abstract

By effectively combining hardware design and signal processing algorithms, utilizing FPGA to
achieve pulse compression in the frequency domain, designing radar parameters according to ac-
tual needs, and achieving detection of multiple targets. Compared with traditional circuits, FPGA
has advantages in signal processing and complex algorithm acceleration, solving the problem of
insufficient flexibility while maintaining high speed. Research on the basic principles of linear fre-
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quency modulation signals and pulse compression, using MATLAB to generate echo signals, trans-
mitting them to the designed FPGA circuit, and finally sending the processed data back to MATLAB
to draw a distance velocity two-dimensional graph for comparison with simulation results. The ex-
perimental results have verified that the frequency domain matched filtering implemented by
FPGA can have good ranging and speed measurement capabilities, and hardware acceleration has
excellent performance and broad application prospects in improving radar system performance.
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1. 51§

FEEARESA B H RS 24, HENFHIARERHEERNIER. FEREMUEREEG MM E
PRRIANPLTHRRE ), W HRERSE 5 WA BRI EE R, DARDO PO B AR ok . FIRT, seBly
A RIEVER T G RO EE, X SEORILFEHES B R R ARG 538, D RIEIAZE
FATH R IEE R ER1] [2].

& GE 10 B A HLER DSP i F ok S BB R B2 AN AL B OE M A LA B i 8 5 52 B T R MR A
(LFM) [3] [4] [5] [6] [7IHKi R 4 B i 38 o 75 B0 [ AS 5 AT UCRCYEDE, LA SE Bk Fe 48 3R B 5 A
HEEEE R . VCECIER A — My NP FI v, — Mo BB, A — RS B FFT (8],
CUAENY FPGA SEIRK M R4 1 77 sUA R FERT I RSO, sk AR R A5 T B, (HR TE R 2 1
MR S35, oA I X 4 HFF

XTREAES . 2 HbRR AN S PR L, WU UCEC e 1S e LA R 2 AR, DRI FE I EE . )
UL % H bR 24 BB R 3 . FPGA (Field Programmable Gate Array)-E & 5 & o] 4 A2 4 AL AT
AbFER I RE (8] [9], BERT AP i E R GEH R G 1, thnT DU s gt AT A B R SAE S s, BRE TE
K RGHAROITIEE D), TN TR 5 B, FIH FPGA SEIUATE b kb e 46 vT LA SE A 4%
HERX BEHAS T AT AL B, W EE AR M PR . 2 HARE I 5 R [10].

2. BEXFE

2.1. LFM
Jok R TR 446 A2 ¥ & 5T T A ik b 65 By R AT AL B S 28 Bk B R [11] [12] [13]. LEM B 5 HIEHHE
KFIEXN:

s(t)=rect(%)exp{j2n(fct+§tzﬂ #(1)

X TONRSE:  fOREBIER: K RIAMRE, K=B/T, B Nii%: rect(-) NHETLRE, WL
rect(1/T)=1,|t/T| <1 . 5 FHIBFRERN £, + KT, HILA WL, LFM (Linear Frequency Modulated)i# /1)
TEAR T2 — Fh A 2 o I [B) G P AR A IR TR SRS S [14], BRI R 1EHE I

223 H bR SR ER A i ATE 5 (1 B S 5 Rl Rk ] LR R A
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r(1)= rect[t;td jexp{jZn(fc (t—td)+§(t—td )2)} #(2)

2.2. EECER

Jikr R AR FEAR S b #2 R T B U OB 2%, S SR RS kP HEAT St [ B LR S0 P
AN AR S %A SRR SERE R R AR . UURCIE RS 1 TAE F & B BN 5 5 — A SRR
F5dTBRUEE, LARE HAME 5 5ME 2 MRS iR BIM{E 5 5G5S e 40, B
SERG PR R OR IO Y, AR B4 5 M EE SNIR (Signal to Noise Ratio)7E 3 —HF e I ZIik Blf K[15]. A
WRAER IR FE 2 A SV EC e A8, PR 7 27 S B A (] ) o e e e A 4 1) o AL B ] DA
S, A5 SER S TSRS TS L AT R A S A, (HAE LT UL ECE R i, A
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Figure 1. Structure diagram of frequency domain compression method
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ISP 5 BEAT RECRVEIZSE, SRR AT & R BOMAL, 555 S B AR ks IS 197 871 Bk
AR [BINI,  HAT IR B 45 )5 1T B -

b, SAEIRIE S 5 (¢) TR A AR B IF M 3E R 2 B R (POSP) AT ASRAS H A 25k 50 -

S(f)= J.j: rect[%j exp(jnKt2 ) -exp(—j2nft) = rect (%) exp(—jn%zj #(3)
LFM ki 5 5 UL EC I #8504 S 5 T DLROR 9
smnKT[ | |]
s ()= TTrect (%) /! #(4)

R ML AL T 3 4% (Sine) bR BT [ 8 AN £. (5 5
2.3. TELER
EZHEAET, —SAREEREINT RS B/ TEN, SEHEHBRESR. NTERSIRMZ
HErRIEE )1, TERH s MsI R, W STk RS AE SRS ENHEYE R &
T L, A3E 52 PR BU(Blackman Window)7E E /M RIS FE B, B AT DARSE A7) 75 Bk A7 8 E e o
FE. BN, AiZETe S & KB AR T, X8 B i iR A B R A RN . R B R IA RN

0.42—O.Scos(zﬂ—lj+0.0800s(4ﬂ—l . 0<n<M-1
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Blackman(n) = {

0, else
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Figure 2. Blackman weighted LFM signal
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Figure 3. Multi target pulse compression simulation diagram
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Figure 4. Flow chart
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Table 1. Radar design indicators
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Table 2. Target parameters
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Figure 6. Comparison chart of experimental results
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