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Performance Analysis of FMCW Based SDR Radar: A GNU Radio
Simulation Study

Abstract

This research investigates the design and simulation of a frequency-
modulated continuous wave (FMCW) radar based on a software-defined
radio (SDR) using GNU Radio. This radar can be used as a low-cost
solution for target location. The system was designed using GNU Radio
Companion, leveraging digital signal processing (DSP) capabilities to
simulate FMCW signal generation, target reflection, and demodulation.
Key parameters such as frequency domain width, sweep time, and target
distance/velocity were analyzed. Sawtooth and triangular waveforms were
evaluated under similar conditions to assess their suitability for radar
applications.
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The FMCW radar signal was processed using Python modules to obtain the
spectrum of the received signal and, consequently, the distance of a
stationary target, as well as the distance and velocity of a moving target
approaching or receding from the radar. The effect of noise on target
parameterization was also studied.

Simulations have shown that the sawtooth waveform offers simpler
processing for range estimation due to its linear sweep and simplified pulse
frequency extraction, while the triangular waveform enables simultaneous
range and Doppler measurements by utilizing up-and-down sweeps, with
increased processing cost. The sawtooth waveform is preferred for
stationary or slow-moving targets, while the triangular waveform is
preferred for dynamic scenarios requiring velocity data.

Keywords: Software defined radio, radar, frequency modulated
continuous waveform, beat frequency, doppler shift, target range, target
velocity.
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[16][17] multipath clud) aaxiy clutter sl 3oass Nia LS yall

R=90m,v=15m/s,RCS = 1.0 5 )l »

R =120m,v =—-5m/s,RCS = 0.5 :4al» »

R =200m,v =0m/s,RCS = 0.1 :culi o >
Gl da G 3las 5.1

& S s LS Ladall ) 3 SDR e w8 ) dlsdu SUas el aoad 2

.0m/s

SDR e 4l FMCW ) 8Slas cijialls (1) Jsaall

2.4GHz fo @ sl
100M Sample/s lial) 2] Jone
10us T sayll

50MHz B il yor
AR=%=3m el na A8
Rinax = % = 1500m ad Gl Y A i) sl

&b e s WS dlasg e go GNU Radio b e o Sl labll diaia 685
ulu) 3Slaall claay b Led S35 .(6) JSal

AN Kot Al Ll e dsge JS5 J5 :Signal Source syl suas v
(32 L1 Jaxa T) 1/T = 1KHz 1225 3y VCO
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%ﬁujuijagg)gﬁijmmd$;\:\uﬁ@|ejwim Uaan daala ddas

~upall L) an :VCO v
ol Glie aae Cuady caagll ALl 5)LEY) Al () Slad :Delay el v
(AL 3LaY) Alayl 5l sall

N
2R
= round (—
c
) (25)
N = 32:19008 1100 X 5Ly dlsy il clie 23 K R = 90m J duilly,
Sl 1yaie ualil s alatys 1108 = 60 samples
N~ (26)
T=N.—
fs
1 1 - s i, -
T = N]Ts = 60. 100x106 06/15 P dgLuJ\ Jad Jal % LAL\SL}}

Alaual 3)lay) e duadly i) :NOISE SoUrce guaall jias
ol 2y cada cny tFFT ) 4y 8 Jinke
-BJ2 adasl) 23535 :Low-Pass Filter icasaiall culaa il sdije

DN N N

1) apmd) 4t Jisas 55,00 aa (alad s :Peak Detector 55,3 Casls
Lganal) g )d cuiats Suay Threshold Asal) dasia iy - (asgal) 2250 (3<%
todghall ¢ Wil gaall s oS Leiag
pan N Jidiy fpeqe = TS s (fy ) ) 335 s
[20][21] gl 4psé Jusns
oS 136 LR =% 1(8) Asleal Ty (R) ol clm A &5 @

3x108.10x1076.3x10°
.R = =90m « = 3MHz
2.50x106 foeat
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Multiply Const culy capall 3aas alasiuly Attenuation [luad) glasé slSlae Sy
platin) it L3Sy Adall el 3lSlaall Aoy waail throttle @Al sasy axiius,
CHLEY) a4l sl aladall e bl e (38055 2SaTl A (e Be S el
Aliially AL yal) b 23S Jaxd s MUILIPLY Capia 3any e Aliisally Al sl

. ) 2BR s :
2 FFT (et ehabis <fpeqr = o & fy ol 2350 58] o Jpand) Jal 0

lieaally Ayl S 335 3 o Jpemnll L il

Options Variable
Title: sawtooth static 1D: samp rate
Author: souad Value: 100M

Output Language: Python
Generate Options: QT GUI

Complexity: 322ubal

FMCW Chirp Generator
Samp_Rate: 100M
Center Freq: 246
Bandwidth: 50M
Chirp_Duration: 10u

Throttle
Sample Rate: 1001 Multiply Const
Constant: 100m

Noise Source
Noise Type: Gaussian
Amplitude: 1u

Complex Conjugate

Graph Type: None:

QT GUI Sink
Name: Input chirp
FFT Size: 1024
Center Frequency (Hz): 0
Banduwidth (Hz): 100M
Update Rate: 10

QT GUI Sink
Name: Beat signal
FFT Size: 1024
Center Frequency (Hz): 0
Bandwidth (Hz): 1001
Update Rate: 10

Low Pass Filter

QT GUI Number Sink FFT Peak Detector Rational Resampler Decimation: 1

1D: atgui_number sink 0 Gain: 10

Name: Target Rang Samp Rate: L00H ! Sample Rate: 1001 LT
Am"ﬂ:_ o J Fft_Size: 1,024k Complex to Mag "2 2 - cm"" = ;M Length: 1.024k
rsm— Chirp_Duration: 10u T CH i,

Bandwidth: 504 el Window: Hamming

Beta: 676

File Sink
File: ./sawtooth one target
Unbuffered: Off

Append file: Overuite

Ailse Yo 1y aaly culh G Alay FMCW lall GRC sbausY) alaadll £(6) JSall

T = 60 sample ) b a 385 1205 R = 90m

Ll (a) Golad) Talaiall iy Wagha) &5 ) FMCW ol 5lSkas daiis (7) JSa)) eainsy
5o,M) i G gl Jlad) 5L Ciula (B) 5 ¢ el Jlaall 8 aals Caagd (oagdl
O 4dle Jseanll 5 53 (2.952MHz) Gl 2355 0l 5LEY) aady . Gl 3355 2l
Ul 3 ()5S55 (BMHZ) (7) Al G335 Ay smnall Apylail) Aol ae (383 5\Sladl) (Dl

Rtneoretical — Rsimutatea = 90 — 88.56 :) G:‘&“M C_ab:ﬁiﬂ dagi el uld (;5
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G e Jpanll e (6) ) hial b da il daidl 5,58 3 Les (1.44m

gl

0 1 0 ;'ax I u: | "J' Wan
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Al "I‘ il 1 ‘;, l'! \)“l‘ ';"‘!";M: «I

‘I“\ \' \\ M | \

Amplitude

Time (us)

&
=
—
pp———
ol
e

Relative Gain (dB)
-3
|
§
4
Y
/
/
!
{
|

aom
Frequency (MHz)

Gl (AeY1 ) R = 90m diluse die gy anly ol Cangd il 3yl 2(7) JSal
(JYY ) frear = 2.952MHz il 2353

b dilal 3lslas.5.2
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Jeaxis (1) sandl 85305l ol iyl (i aladia o Baseie Cilaal 2sms oyl 3lSlad]
IS ey gilsl) e Delay il € sac i) iyl e (6) JSEl 3 )5l Jaladdl)
Add S alasinly LaSeid) SHLEY) pend 5L Jilaall Giagll oo il Jieil) sl L

FFT Jusaieha) U

Options.
Title: three_static
Author: s2uzd
Output Language: Pythan
Generate Options: 0T GUI

Complexity: 89Bubal

FMCW Chirp Generator

R

QT GUI Frequency Sink
Mame: beat frequency
FFT Size: 1024

Bandwidth (Hz): 1004

Multi-Target Range Calculator
€:300M
B:5IM
T 10

FFT Size: 1024
Forward/Reverse: Reverse
Window: window biackmanhar.
Shift: ¥es

Num. Threads: 1

‘Window: Hamming
Beta: 675

QT GUI Sink
000 Name: ster QT GUI Sink
FFT Size: 1024 Name: ofte it
Center Frequency (Hz): 0 FFT Size: 1024 ¢ )
Bandwidth (Hz): 1004 Center Frequency (Hz): 0 Append file: Overwite

Update Rate: 10 Bandwidth (Hz): 1001
Update Rate: 10

R1 = cliludl) die o 25l Calaal 206 ais) lud) laladdll £(8) Jal
71 = 4e) sl oo @8l Jll; 90m, R2 = 120m, R3 = 300m
.Sl Je 60sample, 12 = 80sample, T3 = 200sample

156



%ﬁu\,&:.db@gxﬁbm&dﬁ\:mﬁgilejwim Uaan daala ddas

Carc

Al Sl 2 Al pubd e dau 2025 sle 8 21l 47 sl

beat frequency

it (932 Mz, -34.36 dB

N

AR B .

”w‘“"{‘l{ ﬂ}'\"-”- (V fl T j"(\ulll"v%‘!j"I'\\f ‘{u \l) f
|

Relative Gain (dB)
@ & i

\
"

0000
Frequency (MHz)

R1 =90m,R2 = xic & 436 Cilaa] D01 Leanll 3)L3) agla :(9) <)
fipeat = 2.921MHZ, frpeqr = <28lb @&l (anll 2355 ¢120m, R3 = 300m
.3.996MHZ, fyeq: = 9.973MHz

(9) JSE sy A& Alal) o Taies FST (il 558 G sSas ccalaal DG duually
(R1=90m,R2 = 120m,R3 = 300m ic && Calaal &DA (gl 3)L3) Cala
71 = 60sample = (25)5 (26) o)l Gis Aie) bl ae @8m A
(Sl Jde 0.6us,72 = 80sample = 0.8us, 13 = 200sample = 2us
fipear = A Al Al aadlly 3Slaall e AUl adll lang el
Ay bl 1da wy .2.921MHZ, frpeqr = 3.996MHZ, feqe = 9.973MHz
O A Calaad () oK cdaeatill Jal e A Calaa S daluall ilaglaa e Jpanll
Ll dabise calaal (e €l e ol b)) laladall 13 ol 5)LaYl jaady . JUal)

sl ua A8y (e ST Legin Jualdl) o
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BSaal) e il ally il wil (p Cangl) (52 a8 CBER) (2) Jsaal

Laall jlaie | sSlaal) e daill) dadl) | dyykaill saal) dad

AR1 = 2.37m R1 =87.63m R1 =90m
AR2 = 0.1Z2m R2 =119.88m R2 =120m
AR3 = 0.81m R3 = 299.19m R3 =300m

aansd Jisad aan o SlaeYL 28Y0 sl sha) & Al NV Gb slayl s
A0 Aald) Al ae Gy Lays 2048 iy FFT aaa dal (a5 <1024 30l FFT gypud
Aasmgyban T aadll jelai Cua ¢(10) JSEIL (S 4005 Calaal

Relative Gain (dB)

I
] N f lr"f
'“:'7_ — ‘vﬁy'lmh'mmewwﬂ MW %M‘\l\wwﬂe e

0000
Frequency (MHz)

R1 =90m,R2 = 120m,R3 = xic && Cilaa] 2D [l 5)L5) il (10) J<al
2048 iy FFT aaa xic <300m

R1 = 4Ll xie (lay Gupliie cpdaa Ay (il a5 b (11) JRA) mias

1 = 60sample = 0.6us, T2 = 4w <l als e @8l Al 90m, R2 = 96m
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Carc

Al Sl 2 Al pubd e dau 2025 sle 8 21l 47 sl

Gam Lee Oaogll d88lgal) aalll )8 a0 JSEN (e g «96sample = 0.64us
- ke 2368 ety Legin )

beat frequency

R1 =90m, R2 = Cliluall i flady daa 35 Alay () a3y cnha (11) J)
.96m
() Ciagh) iy il o gl il .6

e LY Jany (8 aaladll (e Sl Lld sl Gl (855l Jliials Jla)) o Lexie
gl 5l 38l L Cangd) GLES) Camaal) (e Juad ) camall il Cany A
plaaiuly il Caaag Hlite (pu Aage S8 (63 24GHZ 2355 Jey FMCW )y 4
Jadis . (3) Usaadl 3535l clsialilll aadins (12) JSalL manse 6 LS «<GNU Radio

caagll (530 DAY BLEY) Aallaas cunall Alaly Ll @LaY) s 3Slaal

el il bl liie Gu dase 53 FMCW i)y 8\Slae ciljialy (3) Jsaall
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2.4GHz lalal) dagall 225
100MHz B Lyl daiall (g
1ms T, 3ayaill 30a
15m Caagl) ddliwa

dale @5 (sl 5 Jupall sead) o Vp Can Vo= @V i) ey el
Pooc V2 = [al? Vel? raeall e go Aaliie delail) (5 .eddl
[20][19][18]

a5 Py = Ja]? 108w oV, = 1 slSladll 3 L) (normalized) asse V, oS 1348

Baalg
{[20][L9][18] L LS mmeml) delbicd Lo

P, = |a|? = 0.01 :(aeaill aa)) 5)laY) dellain) @

A shaall sl LY das Jal (e (e gunn)) gunl) dclaiu) @

P
o= /7”, P, =

.0 A 3aals 2 P, Leads

P
105NR/10

(27)

SNR = 10dB — P, = 0.001 > ¢ = v/0.0005 ~ 0.022 Jaf (a5 ®

tlalaall «15m ddlie bl (e daw Caagd amnll 205 Gilea S

(28)
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Aila gl g Aoy 9 5 ASilaal) Apeatigl  stadl Aluudes
2025 pls 8 2l 47 alaall

Aladl s Sl de 8 Aes pulyd gl Mo s

100e6-30 .

P i @23l Jlaall 3 SNR sl ) 8)LaY) i 5553 el

Peak SNR = 10log,,

)

( Peak Power
Mean Noise Power

(29)

Gy lSladd) e Aailll Aall ae gaall dpbll Al (i maaall LG (e Giatl

Options
Title: Noise effect
Author: souzd
Output Language: Python
Generate Options: QT GUI

Complexity: 342ubal

FMCW Chirp Generator
samp Rate: 21
Center Freq: 2.4G
Bandwidth: 1004
Chirp_Duration: Im

QT GUI Number Sink
1D: atgui_number sink 0
Name: Range
Autoscale: No
Average:

Graph Type: Horizontal

sl Uaa

Aerue = 15m kil sl

A gl 35 f Gy o = T2 il ) i 5o
|d — dtruel sl e

Variable
1D: samp rate
Value: 24

QT GUI Sink

Name: Input signal
FFT Size: 1024

Center Frequency (Hz): 0
Bandwidth (Hz): 2M
Update Rate: 10

Nolse Source
Noise Type: Gaussian
Ampiitude: 100m
Seed: 0

-

Complex Conjugate

Multiply Const
Constant: 100m

Fractional Delay
Delay: 200m

Throttle
Sample Rate: 2M

DC Blocker
Length: 1024k
Long Form: True

Low Pass Filter
Decimation: 2
Gain: 1

Sample Rate: 2
Cutoff Freq: 50k
Transition Width: 1k
Window: Hamming
Beta: 6.76

FFT
FFT Size: 1.024k
Forward/Reverse: Forward
Window: window.blackmanhar.
Shift: Yes
Num. Threads: 1

Peak Detector
Sample_Rate: 211
Fft Size: 1.024%

Range Calculator
Bandwidth: 100M
Chirp_Duration: 1m

‘Complex to Mag~2
F + Vector Length: 1024k Stream to Vector

QT GUI Frequency Sink
FFT Size: 2048

Center Frequency (Hz): 0
Bandwidth (Hz): 200k

C_m‘d\ 253 5 FMCW Dl )1 sy Ll (12) Jad)
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) 2 WS sl ey epLy) Cads Jalade 3 10kHZ 235 aic Aaslil) 35 31 4l
coise s LS Cangdl laie ek 55,3 Gape o)y rmadal) ) 8)LEY) A Cauaidl
a3 g 4ush Jagad it (Aal) LI Auailly 4 5LEY) Jaats L (13) Jsall

(Al A

SNR = 10dB s dal (50 25 culi Cada 51Skae 305 (4) Jsaall

“agell Dbl

15.02m REANPIN

0.02m sl s

1.21KHZ | 30B ijm g

9.8dB | SNR 590

(i)

SNR vs Range error
- 2
=1
=0 o 3 Vo Y

SNR s cadlidly gaall tad s (13) Ja

Al (e s Uadll o (45<5 SNR J dibide o Jal (e 52000 518 ylad e halys
BA\:\)‘:I Aﬁ'“j dS..:u‘_gad\ &;Muagmd@; ‘(5) d}JAJIJC_AA}A}A LQSUA.L\“ .J.J):\L_Q:LL:
LGl () 235l 468 gal) addll maaiy SNR s
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Ala slaall g iy )5 A Lpndigh) o slal) el oana sy Al
Al p Sl 403 Al iy g da 2025 ple § sl 47 Al

3a3ie SNR s Jal (e il 055 add (mje s saall Uas (5) Jsaal)

3dB BW [ (el 1o SNR
(kH2) (dB)
473 1.84 0
2.15 0.67 5
1.21 0.21 10
0.87 0.05 15
0.81 0.01 20
|

SNR = 10dB e 5 ¢(eadl o) SNR = 20dB e ol 20 55 canh (14) JS&)
(D) o)
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¢'§!;, aéy 33 SDR u_‘; wize FMCW J“b em slSlas .7

Bayyaill" daddially Bae Lall 3y aill' syl jall laa fill e illee AR dagall A i
ndy 32yaall Adailglifsac Lall saaill e (anil) 235 (e el Luld (5 Al
Adalellfsacball clasil) o Hhigd Ll e el
e datie i 38l 7.1
Jal e (6) Jsandl 8525 cljialll Bk iy anly @lyatia Cona 381w slac) Jal o
zoase s LS GNU Radio 3 o2 &3 o3 bs) Jaladal) 8 Ji€U) liualge aas
.(15) Ja
slSlae s Jo¥) gl Aya e alSH lagha) (S Al 3Slad) Glilee (g ole s Sllia
Aaly) adiad . labl) (e oy Cangll Glpatisllae sa Sy bl L)) Cogiid Caagl) el
e pul) Aylad (555 Chagl Ao e yidile IS g

DOOO0> fup bl e iy Caagdl oS 13 4l o

fbeat,down > fbeat,up:Jb\)n oo ‘—’):‘54 “—“@J\ Ols B;‘ "\-‘n'“’ ®

fbeat,down < fbeat,up:Jb\)n e iy aagl) K1Y A o

2.4GHz (1 = 0.125m) fo dalall s
Ims T sasall g0
100 MHz B duall Lax
2M Sample/s Fsametial) 321 Jana
1024 FFT aas
AR = % = 1.5m Gl juat 48
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Al ag Sl pe 3 Alee by gl e 2025 slc 8wl 47 alaall

A . - wf
Umax :E:i31-25m/5 led Gl Y de s il

c.T . P
Rpax = T = 150km a8 ud Y g2 il

Aila] Ao Aali] (Olso L) Chagdl Ao A5 i (8 AR A ] Chagl sae Ay
O 13 (ke 235) Jaudll f (acliaie a5) AeBU il 1) Lo sagaal olas) e adia

Aaaled) sapyaill (a2 Aoy saclall sapadll (an 205 Gl bl ey Caagl)
OB Ge ety Caagll Allay uSally il

Liaas Python A laglis) i ddla dage 20 A ge Sl bt Jadaddll Cpaaly
oo wxll Delay sl S ansius Coagll @by s1Saal L (1Q) dumie 2y 5,L3) adal
Coell (Ssalinal) il slelyad PYthon as& ledlasid ey Wy Ll s,LaY) dlay e
Multiply cully qipall A5 Gl Jladl ead SV 2330 .7 = 25 1 jaid)
) o L 8LV 20085 3ad 0.7 e apall <l dad lawa 25 CONStant

Cc

Options Variable
iangle_one_Target 1D: samp_rate
r: souad Value: 2M
uage: Python
Generate Options: QT GUI Throttle
e — Sample Rate: 2M Low Pass Filter
Complexity: 287ubal Dectmation: 1
DC Blocker Sain: 1
Sa'::':;:"m Multiply Conjugate Length: 1.024k Z:;’.’":::";DMK
Bw: 100M Long Form: True Transition Width:
Chirp_Dur: 1m

QT GUI Sink
Name: Input Chirp QT GUI Frequency Sink
FFT Size: 1024 FFT Size: 1024
Center Frequency (Hz): 0 Center Frequency (Hz): 0
Bandwidth (Hz): 2M Banawidth (Hz): 2M
Update Rate: 10

QT GUI Number Sink File Sink
ber Flle: ../Triangle_one_Target

Unbuffered: Off

Append file: Overwrite

QT GUI Number Sink Range/Velocity

Peak Detector
1D: ber sink 1 0 Bw: 100M Complex to Mag~2
R Crirp. Dur: 1m e Vactar Langths 1 024 E ey
Pp_Dur: Fft_Size: 1.024k '

Fe: 2.4G

e ady a8 Jal e SDR e adine FMCW )y 58Ul Jakais :(15) J<al)
(DY (e Lsie) v = 30m/s depms R = 100m 4ilus
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1328Ullg (10KHZ :J&) 0353 250K HZ adad 325 53 dcaidin G235y ool pe addigy
Rational Resampler as alaaiu) (Sars .l 25 zhasu (Hamming el
Aaly \ginay 5 ABS Ail) 25 Al oda s 500KHZ ) il 321 Jaxs (sl

(A yudls (saall) aliahly s @l aie Caaa CaliSY Python
sl g Glaslae Al 5LEY) ae Aluyall 5LEY) 230 o @Sl i) S5 g5y

. : 2 2 . . 2R
150m dilaa e s i Jal s - (fy =5 = ’;ff) (s Aal) Aepudly (T = =)
Akl Aa gall JSA Loy adgial) il 2353 Glua &4 20m/s depun DI e ayids

2xBxR 2v .

foeatup = 1. 1 e lal day 3ilgidad m®
_Z*B*R 2v R TR L S
fbeat,down = T, + Fy Al Aayy 3l Al w

B = dal (e dadgid) Gaall @lasg o5S (6) sl sl bl dal ey
:2v = 20m/s « R = 150m T = 1mS 100MHz

2BR

freatup = = — % ~ 100 X 103 — 320 = saclall sapaill g 205 =

100.32KHz
__ 2BR 2V 3 « v w L. .
foeat,down —?4—7% 100 X 10° 4+ :ddaledl sapadll (oan 2ap =
320 = 99.68KHz
(t= 2%R/c=2%150/3e8 = agll e o 2Ly Jaill il Cles
N=7x fogqmn= (le—6 x 2e6 = clic e x Gl lay 1ps)

. 2 samples)
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%ﬁujh.db@gxﬁbm&dﬁ\:mﬁgilejwim Uaan daala ddas

0.000
Frequency (MHz)

SN e R = 150 dblus aay Cazgd Gl 5L5Y 205 Caulall (16) J<al

V= 20m/s ey 4 iy

Sl ek Cumy Congll gaagil il (16) JSE my 6l Sl Jal ey
Aol 38 o &5 3 Al Aadl) g G5 Lo say 0.113MHz e el
Alelly saeloall 3apeil (gl 235 o )i Aaiiy (fpeqr = = = 100K Hz)

Baalg AasS )yelay
moving average iLs dilaly 2048 M FFT aaa il (S (saal) @llis (e Galaall
Oy sl 2555 55 alatind of FFT apped) 4358 Jisad aaa salyy of WS L sadl & 3
Sl iy FFT Gk ay zsiagy il 0055 Al jedaily . Cangl) Cljially jai 383 (e
ol Qlaals .LPF cutoff > max fpeqr caidiall sl miyal adaill 225 ol
S8l as) S @lagyan aae aasiey doppler FRT of e S sy dejull mmia

(10 e
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by s oo A0l bpra LIS ad) 440 g2 dad o Jiasd Gl G dal e
Bagas U ~0.1m 2y saall iy 1(10M/S) Ay Sty o Jal (g (L)
(17) JSAl mamse 5o LS A LS LPF ipe sey Gl 0358 i)l Jaal) el

l.‘ mmm " m TN
JUJH..\" (Nl ‘\|w|\ |\|.\. O O
|
ﬂj“ l;ll; ||\‘.|w||wl‘|""\"I\"“lw "“' I ‘M.Hu:l;‘“‘l“"”ll“"’“'z
| | T I“I | | | H ‘I ‘I‘|\
u|‘|‘\| Il "\Il\l"\l‘ ,||‘."|"‘II‘\|.‘|| \ \‘IH'H'"\I‘\ i l"""
|‘\|‘|"|\‘I\|\ \I\I‘I“ | |\|\"|" ‘| |‘|‘|
‘ | It i l “I I 11 \I‘ ARLMUR A T “I ‘HI ‘ I| R ‘|| ‘ ll
| ] ‘,I\. | | P T IR
"\M|\||\,‘..‘..}|.\|w|w"w l\|lw\|"|‘|"|"‘t\|w|“|‘|“"""..wl
4 VW W W W W W W W \ \ W W
T T T T T
0 10 m 0 m 20

Time (us
LPF e any (il 5)laY el Jisail (17) J<al
Basmia Ajata cilaaf 5lSlaa.7.2
3l il e Cusyg (18) JSal) & LS 4 dase 53 FMCW )y acua

Clyiabls waat led & Python o leisey & A5 aadins CalaY) slSlad (8) Jsaad)
siaalls Cilaal)

target_list
= [(rangel,velocityl, RCS1), (range?2,velocity2, RCS2),...]

pxdinig 30kHz JEy) sa55 S500kHZ ahad 205 53 [addie jupal mlipe pddiud
.Blackman -hares 33iliy <2048 asas FFT aopud) 4ysd Jasas

cilaal 4 aly abiel Cilaal sy Python alasiuly lgisey &5 A5 aadiu by, Caisly
Dlays Aaee Python A aladiuly depudlfsaall Glusy asiis 20,1 44l CaiS dgie
A Ala) gl Lass Glldg (4) Jsanl) L sa)sll ibial) aisis cpdon 3gms
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2*B*R 2xv

freat = oo * 1 ipadll a5 e
iﬁzimm rsadl ha o

+2 = +12.5m/s el s

2T —

AU slSlaal) calaey b Alieall CilaY) lfiahly ad (7) Jsanl

KHZ sl aays M/s Caxgll de yus m aagll s
150 £ 0.98 10 + 6.25 75+1.0
300 +0.98 —546.25 150+ 1.0

(JUas il (10 0.2-0.05) PeakDetector & agiall Jasa (Say 4l asd 25msl daiiis
i€ e Y CFAR culil) (L Llall ) Jaes oSl daeie Python 4 dile)
LA A

pf5¢[0.0,0.0,155, 74]m aall 40 o) desudl/isaal) s AS )8 8 selays
Lapusiily alaal 4 5lSladd 7 3sall) apans 5 s .[0.0,0.0, —4.7,10.3]m/s deyudl
Apia bl s L) ey b pdae dens lie YL 22 5 Qb

Baxie Caloal (i€ A ik dase 3 FMCW_SDR )l 3lSlae <l sial)ls (8) Jsaall

2.4GHz fo dalall 235
A=0.125m dagdl Jsha
0.5ms T syl s
150 MHz B iujall Lo
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250 Huat 483) 2048
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C
AR = — = 0.9m 2l S 4

— = 415m/s L ol Y A ol

Options
Title: Triangle_multi targets
Author: souad

hon
Generate Options: QT GUI

Complexity: 519ubal Low Pass Filter
Decimation: 1
Gain: 1

Chirp Sample Rate: 2
Samp _Rate: 211 Samp_Rate: 211 FIEET D Curtoff Freq: 500k
Bw: 1500 Targets: (100, 1., -5,0.7) Transition Width: 5k

Window: Hamming

Chirp_Dur: 500u Fc: 246
Beta: 6.76

Graph Type: None

1D chu:{number’smk’n’n e

QT GUI Number Sink
1D: atgu_number_sink_0_2
Name: Range3
Autoscale: No
Average: 0
Graph Type: None

QT GUI Number Sink
1D: qtoui_number_sink_0_1

RangeVelocityCalc
:: 15:"‘ o, samp_Rate: 21 Complex to Mag "2
irp_Dur: 500u Vector Length: 2.048K

QT GUI Number Sink
1D: gtgui_number_sink 1
Name: velocityl
Autescale: No
Average: 0
Graph Type: None

Graph Type: None

QT GUI Number Sink
1D: gtgui_number sink 1 0
Name: velodity2
Autoscale: No
Average: 0
Graph Type: None

QT GUI Number Sink
1D: atgui_number_sink 1.2
Name: velocity3
Autoscale: No
Average: 0
Graph Type: None

QT GUI Number Sink
1D: grgui_number sink 1 1
Name: velodityd
Autoscale: No
Average: 0
Graph Type: None

QT GUI Number Sink
GuI Sink

1D: gtgui_number sink 0 "Bm_ﬁ': e " File Sink

Name: Rangel or SI'u_D]m B File: .jangle_multi_targets

Autoscale: No Contor prequency (HD):0 Unbuffered: Off

Average: 0 QT GUI Number Sink ot (o Append file: Overrite

QT GUI Sink
Name: Beat signal

FFT Size: 1024

Center Frequency (Hz): 0
Bandwidth (Hz): 2
Update Rate: 10

Stream to Vector

S paie Cilaal CLESY ke dage 53 FMCW lalyl bl aladd) 3 (18) JSall

L3A=a

CHLEY! peny IVl daie gaa SAL Lhaey & ) Python 4k g
s JS Jal b L3aaeie Calaal e Lylig ﬁbﬂ‘/b&u‘

ol sl e

sl s

Db daly) e depull
aall Jae e (RCS) apadl @yl adaiall iy
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AL ) DUl Rl S V5380 e el v = [oeatd R = Tpearte
b WS
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'\1, iy o
L"nl” P gty

_;:“I b
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/ N

Frequency (MHz)

105V coan Jal e LPF aay (atl) cilaagl gaagill caglall (19) J<l)

(150 m, -5 2, RCS = 0.7) : 2y (75 m, 102, RCS = 1.0)
SR Sl sl Gmall canil Gl ol ikl (19) JSA) maay
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