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Abstract: we develop methods for detecting a target for continuous wave orthogonal frequency division multiplexing
(OFDM) based radars. As a preliminary step we introduce the target and Gaussian noise models in discrete time form.
Then resorting to match filter (MF) we derive a detector for two different scenarios (a non- fluctuating target and a
Rayleigh fluctuating target). It will be shown that a MF is not suitable for Rayleigh fluctuating targets. In this paper we
propose a reduced complexity method based on fast Fourier transform (FFT) for such a situation. The proposed method
has better detection performance. The effectiveness of the proposed approach is demonstrated both by providing
theoretical performance prediction expressions and by using simulated analyses.
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Extended Abstract

1- Introduction

In this corresponding, we consider a multi frequency radar
that employs an orthogonal frequency division
multiplexing (OFDM) signal. The advantage of OFDM
radar signaling has been well established in various
algorithms, such as improved wideband ambiguity
function.

2-Methodology

We consider on OFDM signaling system.
M [P-1

x(t) = Z Z apm exp( j2nfpt) s(t— (m— DtH(1)
m=1 | p=0
Where
1,0<t<tc
5() = {0, otherwise ©)
and ];, = tg , p=0,1,....P-1 denotes the subcarrier

frequency. The subcarrier distance is equal to the inverse
of the chip duration, forming OFDM. In this paper 5
carriers are used (P=5), and the consecutive ordered cyclic
shift of a p4 code with length 5 has been used to modulate
these five carriers. The phase vector of p4 code that is used
is given by:
a=[0°— 144" — 216° — 216° — 144°] 3

Detection of a target in an echo-location system is often
accomplished through the use of a matched filter receiver.
after sampling the received signal, it is correlated with a
template. The match filter is the optimal linear filter for
maximizing the signal to noise ratio (SNR) in the presence
of additive Gaussian noise. To study the performance of
matched filter, we separately considered two different
scenarios: In the first scenario there is a constant target
cross section. In the second one we account for variations
in the target cross section (a Rayleigh fluctuating target).
Swerling classified the temporal autocorrelation of a
fluctuating target in the terms of its decorrelation time
relative to the pulse repetition interval and scan interval of
the subject radar. The complex envelope of the received
signal is given by

Z Z xp[n apmexp(]ZT[—p)

p=0 m=1

s (ntc (m -1t ) + e[n]
Where xp[n] is a complex Gaussian random variable
whose envelope has a Rayleigh distribution representing a
Rayleigh fluctuating target. x,[n] is assumed uncorrelated
from pulse to pulse, that stands for Swerling II target
return. e[n] is the additive white Gaussian noise. The
performance of the matched filter will be evaluated by
simulation mainly focusing on a Rayleigh fluctuating

4)

target. Target fluctuation lowers the probability of
detection for matched filter algorithm. another method for
the realization of the matched filter is presented to
compress the OFDM signal. To calculate the matched
filter output in each sample time, first the last received
NPM samples are divided into M segments each
containing NP samples.
[x[n — NPM + 1]x[n — NPM + 2]...x[n]]
[ %5 .. xp]
where
X, =[x[n—(M—-i+ 1NP+1]
x[n—(M —i+1)NP + 2]
.x[n—(M—i+1)NP + NP]

&)
(6)

Then the FFT of length NP is computed for each segment.
Fy, = FFT(X;) @)
The first P samples of each FFT are demultiplexed and the
resulting P sequences are filtered by P different
conventional single carrier pulse compression filters that
are matched to the codes modulated on each sub carrier

respectively.

Sp = 294:1 in(P)a;,i )]
At the end, different channels data are added in order to
compute the final output for the given sample time.

ylnl=%r_, S, )
This operation is performed sequentially by sliding on all
of the sample times.

For Rayleigh Fluctuation targets, instead of using just
FFT, if we use an absolute, we will have an improvement
in the detection of the target.

3-Results and discussion

For Rayleigh Fluctuation targets, instead of using equation
(9), if we sum the absolute of S, we will have an
improvement in the detection of the target. More precisely
y[n] =2Xp=1 1Spl (10)
We propose a reduced complexity detection algorithm of
OFDM signals. We will show that this new algorithm has
better performance compared to matched filter. For a
constant False alarm probability if we compute Detection
probability as a function of signal to noise ratio (SNR), the
better performance of the proposed algorithm is
determined. The other advantage of our method is the
reduction of computational complexity in comparison with
matched filter.

4- Conclusion

It is shown that a match filter (MF) is not suitable for a
Rayleigh fluctuating target, then for such targets a new
approach was presented, that operates on the sub carriers
instead on the hole OFDM signal. This sub carrier based
processing offers a considerable improvement of OFDM
radar performance and has lower computational
complexity compared to the MF. Future research will
explore alternative fluctuating targets in OFDM radars.

JCDSA, Vol. 2, No. 3, Autumn 2024

64

=
¥



Y/\t Islamic Azad University , Shiraz Branch
= laaslali glassla da o Jdosas a5
\/ S f Journal of Circuits, Data and Systems Analysis
>
b Zzbhesl b Ldlaal H3 5 HbT gl OFDM sl
WS 3295 0

*ola8l dyguxe

@ sanad.iau.irfjournal/jedsa

(mah_ehgtesadi@yahoo.com) ¢l ,l ¢l ¢ oDl o1 ol&itils ¢l s axlg ¢35 (cwikige 09,5

29 g Ban Jow lal ;0 0510 5 o o p3ges wilS B S gV g Il 0 Claal (o5l ST sl sla by, w4 Alie ol ToduS
Sloal gl Guaie b a5 0 o 00ls ylid g 09 o ool Guate L8 5l Bas (o5le AT 6l s Wigd co (Byre (owsS Al
G g, 00 S allie cpl )0 a8 e Cdl Gl 4 Budate S o Slee Wjls L) zlosel a5 Blawl 0,90 j0 Lol iS co Jas 95 ool
St 0,8 glylo wojls Gulate b 4 Cod (6 55aS Slawle b a5 iy (nl ogdge L (Slanl iz (6l m s 4598 ool ulsl

ol 0ads osls lis gsleans gla Jdow 5l eolatwl b pd g (5595 S0 A o (golpiiin 8,505, iSu Sl all s Bun 0,5 ST e

zleel b Bun (OFDM) (o2 p20 508 (il )8 ool (yguawY g 1005 s o 4598 o e Gudnie 2ld ool Q3 i & 51 goadS” s 03519

skl
DOI: 00.00000/0000 s 5y allie g5
VE-Y/-A/F - allie Ll gl VE-Y/-4/-8 allie bl kol VE-¥/-0/\F sallie Jll )
Glocusgame bcuz (5,8 0zl Gl (RelS AT 005y Tz 20
Sl UKt ol e (ol a5 (6,0, 35 e e Si5l5iS doddo - )

ol ol i gla LS 5 oslil 5935 o
(OFDMY) 2 1908 (llS 8 oy (e gt sl ] 50
ol S v Al Sz wl ST sl 5l (S ol 4
slably pg—as 0 ok wlides (St el oa b (Syne
S b ol el baas o5 4335 &6 o OFDM
slojsme ladlise ) Gl sloo )8 5 oy le o 55!
Eow OFDM la ol jo S (33lop pg—as o Sligdss
el wim JiKes jo D] acil oIl cpl o Glaal g5lu ISs
3,5 oolaiwl Ly yiws j0 Wb slge 3 g 979 4 o)lsi 0 OFDM
plel 2l o8 sloS I8 cwlie gloas Sl L iz
ool oy U s S oy 08 sllan > b S
ol o gl Wlase ol o 505 ol (s5lmes 8 4 pladl 55 s
115 50 OFDM. s )| JUSes b olol, allia ol o ol oo allie
JPSIIPUSUS SR NN 1 IPC RN PN L S VOV | IRV PRCAPEE K ¢
sgea 50 ol il culs b Glasl o5l T 4y sg00ee 00l
Ol ool albld cosdly b goly; ga b as cal g olas

2 phase code modulation (PCM)
3 Chip width
4 Orthogonal Frequency Division Multiplexing

.
\/\f’ IFY 5l — pgm 0 lond — 090 Jlw — b ailolw g b 031> byl Juloi 4 i == 70

@ ool Gue slayloly sla Sy alex 5l Il o YU S oo
oS S oz glyls 4 e e slo ol &8ly yo aul e i
o b o] Cumbge (5 So3lail g Bas e iS4y 408 s sl e
[, Bas g 00gai ol Bua 5l (5 sal Wiiles coad g 00gr (o05 Liws
59 4z YU S @08 4y gliws dinen cpl pls aies ais
argi g Som 9550 55N, o)l o bl (LSS s 4z g al ol
el ool A Blo p Bas cpl 4 o gl 5 ol lepls g 00
IS il sy I3l e 3 53 o], S5 a8
a8 So,b s sl bl eolaiwl b ogis o e o] JLs)
Ol 5o elil JStio el 35 g 03,510 alols o gl S
&35l S5k Sl (e et SSL L oS el ol
S 3 9blogn Y Ja) 4B 5 Al 85 ot o5 L)
A wle eS Cand Hled 4y Hbls LuilS 8 0 SIS @08 Ko
5,5 esliiul e (nl Sln Gl s 45 LlaSSS adex
atlyor (Jlosl b 55 W2 L g 5B GaeYaoe pom o sl s,
SaalS L Joles T3 sai algae JLSw ;o 0l sl (ol58! Ll

Jsis oty



mailto:mah_ehgtesadi@yahoo.com

5 655 S b asS o Jlasl 095 pslame oot b ail,l , olic
Sy 0355 ,0 6ol3] Az o iali8l .aaS slaul 0, g dugly 4z 4zl
Bi> 9 6)Lu k51.’>r.¢c FPE-RV-Y M“J 5 )L)‘) .))ﬁo& O g L J)‘y‘_ga
ar S e o)l JUSe s 5] e ol S S8 S
Eoie 9inl 8 gy 5l ool l a5 (S e eolat il Si g, lgie
s (creatiS (y g, ol ol b S e g | ites uilS 3
ol iz 5l Vg a5 0isS o aiazs OFDM JuSw 2t
yebas 3 gla Jlu o g Wloods JuSis SGop alols b sudialgie
5o b ailoads Gl Jld e ol (gl oaiiS opdig )y laie 45 00 i
P9y Sy ed lax (> slaalo 5 G (092 delae (185 Sl
ol ey o Gl g gl L) oz (il gsiio any)
S 35800 A g 098 o Slgiday Jhiws jobo a4y (8L 3 slacsls
258 &l OFDM b e )lol) sl 052 ausly & anly 5550 (5551

30 09— 0 Sy OFDM JUS 0 ¥ 5w o allie ol jo
I Ban (0,8 I8 gl a8 Gelate 1S SO Y iy
5 bl Zaei b Ban (6,50 5 0ol Bun (SO Bus 45 90 09, 0
Bas (glp 45 09 (B NS 00 )1 (o) 3590 o )]
3 g el Jine S5 ol 4 ol G 51 WSl il b zgete
e oo JBne 00 L B Gl S5l ol T s a8 5o
WS ooy by Jleto! B @i b @y (LS aSh] >
ilodyd sl a9, ¥ i 50 (Y g8 S g Je)
2035 o dpliio Jyame lais, b )] 9,8kes 5 950 (B2
Sl e dlie (g Fazl 4 b i

OFDM JU&ws -

39 OFDM g w¥gae asly 5 aS auly aily Joleo JLK—u
aS all so delsin Jol> JUKws sz Jolds s oo (8 e Ol plixa
e e Mallis So b Jol> 52 9 00t Jl )l lejen & j50 &
plp Jolo Gla LK ilS )8 alold a5 jokay 00,5 o 518 agaie
25 P LOFDM s oy alie (o) 5 il o o e o5
ap,m .o,ls cox M Jolz 55 2 aS 09 o0 423 )3 a5 o Jule
Iy Pl S Jalizee gy i il oo plp ol sl3l 4y oS
s (LS 5 ©j90h Ol o

x(1) = Xi=1[2526 apm exp(j2mfyt)] W

s(t—(m—Dt.)

ol yeas
1,0<t<tc
0, otherwise

s() = {
Gy p=0,1,..., P16l f, = t%j el o pye Byme te
2lp iz sl ol ) (oilS B alols Col bl 5 (uilS 58
o 2 ldele ) 03g Sges Sl aS cl oz S S b

™

Al 5 33n Loyl 05 iiselly s s allis
505 alas ks sl OFDM (gl ol o Glaal gl IS5
Sl oals a8 .5 ,las s Bue SlulSal s ) Bue

s Oliizs OFDM la )b, 555 5 3l slodlow 5o
o il 23 9550 iz & (g e diged (g el 48T O g o
Gl pdisel 5 lgi s OFDM ol jo oS 59 e 00ls lis oS
Al e 0,5 o5 b Jol> i olaws o w4y 1) 28k o JLSK—
L IYT 052 o5 Ban cubsn raess sl pledl (9 22 (i
5 5ol sl [F] ) OFDM LS w605 S 5l ooli il
g zoo sbo)lly 50 je0 laddan jo 4 JUSKw Cod Grals
Kl YU 5y S mlyzy ST el o0 bl Sl
4 ye*-'-" OFDM JUS s (e )y slogge S soily
1, ook (0] allie (i 53 ai)ls 5L oYL 60 paiges slog
0x S g oains 8 50 1) p3Y (5 I paiged Slag 5 a5 WS oo Sleiiey
JUIS po 1y JuSe— (slabamd aily (sligy (ylojan 5 3)lo 0 4S5 culi
55 YU pleal cys0s S 9 YU 0 s s ams o Lial3l o],
Oobol 51 gy lie 53 By sl o ke allio ! 4o
@ 5l as Wl eols &l JUSK s (ol abasd Wb sl ylojor o33l
Lol o poe om ) JUSe— ()l diged £ (Al
WDiiand ol (6 pme iz Sl 3l Jbls S8 Wbl & OFDM
OFDM sl ;2 31 L3 a5 slas > cloaS i b o ysb &y oS
alawlin gl as > sloaS i ol wed oo ol igb 0 zy0
9 g g oo (bl gl pics jo (55 Dl (128, YU el
s oo JoS—is 5 1, QA Glawl ol JUSK—w 5l 5l e
s o [F] )3 ¢ Jgors OFDM sla ilS & (S sl
sl as,z sleaS iy o592 OFDM (g )ol, 5 pie bLs )|
Glaal 1, OFDM ol JUSi i (o] o355 oo Sl
o3k 3 1y b Sloky 5 0 oo Jlow )l (LS sl i by (2>
Wl oo 1ol poiamns U80S iy B b S o 2l o Ll 1SS
Jgine (5,10 peigas &b 51038 00,88 e Slaal g 1) o S
ol GBS ) i 058 b a5 JB b il o
15 bl iy U3 giy oledl gl il ol 1, OFDM
locasgaze (nl p opdle aind o ok (6 pssiiz sloJULS
el 0 Jolo s (595 (S0 paiges 5 58 e

G5l e slaloly (sla Sy aloz 51 VL (55l 50T a8
G o5 5T Jlazml 30, Vb diirad ol iy ] oo Lo 4y
5 4xs (P )0 2 Olizmes g oog Az gl 090 (5,10, sloo )T 50
ol axnls y Saw cnl 4 kS sl 5 ooy slapls 9 aBloe 2ny
S (g5 Gelate il Sl eolainl b Bas (g5l KaT oy
ol o IV] 595 o samlie Lis 59, @Vl o a5 col Wl IS
3l 00 plol OFDM gy ol (55, 5 (605 linions .51
ol s 53 1y S8 GuilS b Cdl Sy ilS 2 oo ail)T Mo, [A]

! Swerling case 11

55 mm VEeY Jul— pow 5 loud —a93 Jlw— 1o ailobus (o 01> e Jalocs 4 i Sf\\f



Matcher Filter
— > h[n]

el yild b 0 S (slont :(1) JSCb

OFDM signal after filtering

1 T T T T T T T T

1 1 1 I 1 I 1 1
o e R B B e e S ey
Y A N R L . S
07k -----=------=-q---f]--- To--r---r--- - -

E 1 1 1 1 1 I 1 1
AT AU N S|

= 1 1 i ] 1 1
Eosl - S S S R

= 1 1 1 ' I | '
| T S

B I 1 1 | 1 1
g.o.s””.”ﬁu 7777777 e N L,,,L,,,L,,,:,,,,

. ‘ b '
[17-] BSRRRPRTE. NP TR . 2 P ) - L k- -

I
(o [ ¥ e T Tre ) VS () At [ l_ _____ -
I 1 ! I 1
0

2 2 30 35 40 45 50

i 31 JSisio OFDM JUiSiow (s i 52k gorg (1) S
Jobd Jokw g il y g b 9 ol
5 00 oolaiwl Jul> iy 5l OFDM UK jo 81 Jleo (sl
&b&w‘ S, 0 J}bh(\‘) d"U""‘)Sgr“")’ slasl cacs
o2 gl gudais uld gy Bl 00,8 adgas
g dales (V) S &g 4y Sl
st Al g3 i 53 aate L 5 Sha aalllas sl
J.al} R)TR LsOFDM )lol) S S Lg%)l.l_w 5 ] 00
A . (e & s P=5 .
o2 sz mh g [, = THZ (S5 Al ol P=5 ey

il 35 O ygear (6,10 paigad 31 Ban gol> alols Jolu SO o

y[n] = Zg;é Me1X ap,m €Xp (jZT[ %) (®)
5§55 - (m = D) + efn]

2y a2 e[n] o sl e Ban LulSal co o dpeax ol o as
O o3l (Bas (8 (g )l ;o Sl odig il maz (owssS S
JEESO - JO TR Y -PE Y SRR
Ely o b Blaal 5l 2255k 6551 Joe )3 095 o0 (5ilward
T 51 el a5 o 0391 oo 5 (yuilS 5 & sl Bam "RCS
loas aizlis Bas zgad ol Cow
2 ol (paiz @) 2 Oly Sl s OFDM gle o, o
53 ol 4 ol 5 o a5 03-5on Jlan| S 3 a2
=255k ST SBlaal og (slalads iz Ldoa e &5 58
ol 45 s e par il gloasels 5 Lol DL L LT )
NS el el el ol 31 LT aluols 5 LuilS 3 5 Lngls LoDl
Oygee 1y hlie 5ylel slaas g oo (Sse polas j5b 4 ajlé
3 &—i5LRES Jlage N5 cdlr (o Lol oS oo ol Bol s
S g 09y w0lgs Chi-square Jlu>! J&a &b o)l Gon

3 Radar Cross Section

Am

C VFeY Sl mgw aland -0 Jlus = s ailobus g o 0313 oo oo @y pbi == 7V

slatdl . L, zlesel b Glasl 0,5 55T ¢,y OFDM o],

3asls 0g2g Julo 5 iy (g Gl P=5 dllie ol jo 09— oo
SIMIISCNRVPIF S RAPREEIOHE- ) ARG
bl oo ) Ogod Pl s el oads oolaiul o> 55
a=[0"°— 144" — 216" — 216° — 144°] \p)
$9) 2 Silse Dyge 4 osls JL ) OFDM jlol, o Lol ony]
O yg—ots lmosls Jw )l sl 4 o5 il (slige b aslate Jol> s

b oo Wb peg ol S 59, 2 s

RV OJ;)MT Sy b s =¥
iges 51y 39550 4 JUSmw (53l 55T 5o el gulaie il
So il ol 5l JESms SB3L ol 5l e S alols (3L Soa ST
BB S oo Joo e St S5 S A g L
5 od—dira b lase il ool JUK— a5 0gi o
Sl oigtiaez ugi LS o ead hnS JUSms 1 andljld,ss
A S o maly L eaticdly s Gl e alold (8L
s B BT S-= SRV SV EURKCE IV LRI I WA
bl 5l 2l (zg)5 By ol 530 S Al (g
JUKo—w a5 095 0 4285 Az ol Jloiol Loy 518 e
Slaal ce o 28,5 5 0 b el 00l 3l el coaiizdl o
sl alaod g JuSow ot JenS alaod (e (loj M 5 250
ST 09 o0 035 5SS e aliold b (g3 50 JUiKeww (ol
9 29 4 i Somd g 00ld ot e () 4 Gl JSB
ol eiBu S Olon | 0955 3 Slom Aol (pess s
1o b Gl (g5lwes i aST canl L,

Bl sl a5 (o 55 Bua G (3,5 )8 Vgens
o2 2l s dloee by Gudate L8 Lol Bus )l zge
3w wl oo ools )l (V) JSi j0 a5 jghailen 09 oo ploxl
5 J—ob JES— (Ko (L0 JWSe— 5l (6,13 piges
e Gelaie LS 9o dmloe 12 e JLKi sladiges
P9 5= 50 g & JUSe (g G s il sl s
e B PRt e e
UK 5 95500 JomnS (maitio JiSim (0] )0 45 0550
JESe b S e sla Sy o8k sl (0atzdly )3) oo nSaie
A2 008 5l Slaiged by (53les 23 09h s (o) 2 00D S
JUKemw g oS b an, ol &l ool ol o Gelaie
JESe—s (Rl 51 ST s Bl oo s S (b

5 .J.ﬂi‘_,’.o Cowddy LS Gudato Jild 405 Fly e (510 paises

& Cadle o adbige ) Sops—on el LS (2g)S
el (b HagglS e

y[n] = x[n] * h[n] = Y FZ_ o x[k] h[x — k] )

! correlate
2 Signal-to-Noise Ratio (SNR)



https://fa.wikipedia.org/wiki/%D9%86%D9%88%DB%8C%D8%B2_%D8%B3%D9%81%DB%8C%D8%AF

Probability of detection
o o
5 o
i
S~

—®— simple target
{ =~ — - rayleiah target |-

.
/
/ /
‘
0.2 / 7
/
0.1 vy v
o Woad -
-20 -15 -10 -5 0 5 10 15 20 25
Target to noise ratio (SNR)(in d B)

Pra = 1072 gy 63k 05T Jloaol :(¥) S5

=3
o
|
~

o
~

Probability of detection

o
w

7
b
") [ simple targejm -

: f 3 — = — - rayleiah target
/ 7 T
0.1 # + +
/ : :
o aee? 27 i i
-20 -15 -10 5 0 5 10 15 20 25

Target to noise ratio (SNR)(in d B)

Pra = 107% g1y 53l i Jloio! :(F) JSCb

axs § o QS et Jlais! SO ol jelaie cpl sl

S99 B yloly 8l e JUKw jo Q3 laie a0 06 d 0
Sacie Jliz] 5 oo sue e 05d s0 S50 i badd g ol
o w20y QI o e Jlaisl ad e ooy 4 050 o0
0315 (59, 3l 5 Wgti oo o Sy A SzsS eyl sl 29>
9y dmlin gl aliwl s> LI laie Jlisl SO 0 pao
51 o5l Is] ! alxe (gl D5l o ateine ulaie ili8
&5l ST Jlaxs! IS 90 ol 50 05 oo o0liiw] ailiw] o> oy
EL?}c‘ Ll 00l soiS ;sli|) CL’?}C‘ 6‘)“5 RV WRE-KV ‘_glﬁ
Gah 4y Gedaie ild o g5l Ka] Jloisl 45 05d o el Ban

28 el
lyls Bud (40,5 ,IoT (gl golesiion o9y~ F
gl ge!

590 lap o8l (n e 5 Ko (FFT) my s a)68 Joos
S FFT #dly jo .cwl ools Julow o JUuSKmw 5l 5 0 ooliaul
OF o555 5 &S 43558 (had dlne (sl 45 el 055l
S I L oy o8dl iz ol 50 10,8 e 1,8 eolail 550
9 Bebaie il 4 S (67508 (Slbe Jb 09t oo (s3lesly

3 Fast Fourier Transform

a2l ey 4 azgi bl zlagel (gl Blaal Sloy Sian
D] o5 sanazus Jol) bug b oSl glo; o'PRI 4y oo
b b llhae Ban RCS 1 o a5 coul Jow Jgl g5 i g
S 50 WS o et 503l a0 LT Sl G5 ool S
il wails oo i olgen (Sl S Job 3 TRCS luds as’
Dy i abuly Sy 4 o Joiol JBr &b ke >

1 il
p(0) = e .
av

e i |, BuaRCS (1 Ska jladie 0y g RCS Jlaie 6 )] o a5

_s2

s =
p(s,0) = —ez2? V)
Yo Y 5l ol ail sligy a5 a3 selys Jow olg cab plibas
£90 95 Sood Sguw Jdo 09 dalg> e Calizee Blanl 4 aiy 3,2
5 Sl Jgl 58 St Fon Jao 4 « 308 RCS (55l 55 5k 5|
@ b 5l iS5 LRCS Jlade a5 cwl ol jo o] wglas s
Joe oelply ool o uilS )3 £ w0gi co Bud 00ilS S
Orizes g Ao lo b (69 2 Dglite GuilE ) Sy b (ol
Do o ol b Jul> —uilS 3 al_ols 8y OFDM sla bl jo
A wle it S50 uils B 4 wils,8 I RCS

zlsel slyls Boa S gl Gulate ld o Slos Cad (pl o
Bbyo JuSm bliie (hgy 39500 (omyz Silwant b L)
bloo 25 g

-1 . np
y[n] = ZS:g Z%:l Xp [n]ap,m exp (]21-[ E) W)
nt
s (N—; —(m— 1)tc) + e[n]

oIl g el wgS Lalie Sola piie SO Ap[N] ol jo o
U b SO lapn] ol () (Boe Gyae g o)ls (Ll ases o]
pee[n] o) )Y goi K Sous Joo 5 ol aticanl Koo by
| o..b}..u fonce L.':‘"J; J..o.b.u

C S S 5O 5 N, (wsS bl 39 g sladiged
iy %5 5 a0 SNR aS eyl 59294y olgsds SNR B wig—is o
Dy s
SNR = = SNPH-1(r2|x[n]|?) @
Syl 98,0 1) Guaie yld o Slee (F-1) slo IS .0y Canony
Sloe Jlizl gl 5w o lis zlagel Gl Bus g ool Ban
ohgy ol b szl oy 5o ailond oaiS Siglate sladlS

Sgdse A S50y (s dulie sl ailinl v o IS i

! Pulse Repetition Interval
2 Chi-square

. \m

SA == VFeY 0L — ogw blowd — 093 JUw — 1 ailobuo g L 531> b ylao Julodi &y puii \//\'



[x[n — NPM + 1]x[n — NPM + 2]...x[n]] = )
[X1X5...XM]

QT 4o as

=[x[n—(M—-i+ 1)NP + 1] ')

X[n— (M —i+ 1)NP + 2]
..X[n— (M —1i+ 1)NP + NP]

S (0) S Billae NP Jsbo oy baaigas 5l plaS” 1o (g5, 52 (g
Sgds g0 4285 NP Jobo L FFT

Fx, = FFT(X;) av)
S e (g, 0o algas Sledbl Kby FFT Jol 9,5 P
SleMbl o aBl o (N 03e 109y uso & gm0 ;0) b Jul>
odd dgie O i oS adais pld 4y fel> 2 5l eal algaes
Slibes (Gle Al 050 03l oo 0Bl oo Jol> yo 59,
i on ol [mm S50 4 oolS 3 JUIS o (55, (53ld 23
Sp =i, Fxi(P)ay; QAD)
5 iy e o Ko Ly ciliine (sloJULS Sledlbl calys 53
505 ol gl alind 5 g5 25,

slazdl . L, zlrsel b Glaal 3,5 55T o),y OFDM s,

0557 3} JiSimn S Wilgioe 498 elodi 01y (g sl 3 ,Shos
5 ol )8 0555 30 omtales 4y |y ol L Uy ylo; Ygano a5 o Lol
Alis a5z Boybo 5l Al S 98 o S oo eSaly 5
ko (nl 958 oo dulne Dgliie Sl B L ol 4 polie
Sl pl 0)ls dg2g a5 IS Lol el an nai s 5l (g )b 5o
Gl QS Slns 1 15 51 ool b bos oyl pkiione dsoloee 45
oS Sl (g FFT by 598 haod 015 (90,38 s j0 5
2,5 dloe Sap ) S 4558 oS
oo &3l,) (F) b gudaie il ojluosly (slp g, VY] jo
o 0g—i o0 00, )18 & OFDM LS (gl Uog,y ol 9 ol
MalS” (g0 Sae ol ous ools lid oe5 4 () JSb jo a5 g,
79> dlona sl VY] ol o)l Bdaie 23 b al e
Lej o 5 ke il

)») as ‘«)HLSA r:l?u‘ L_rw)‘»)).)

Olgise o dbws &

)—">T aiged NPM (55, 5 ‘6)‘%-'4—"3—“' ¥
NP ‘_gl)\o ﬁbS,maScM_wsM a5 diges NPM aS 5 5

—_ VP
y[nl =252 Sp 0
Sample
number
Fy (K)1i Pl a
vin]= Z ZF-\.(K)“;\-' vin]
K=0i=1 .
Poma i o — — 5, (A
x, (0)3;
Data — ZF, v, (Oag, ’
Segmentation - _ "
xfn] °°F & +—— NP-point ESK yin]
Serial [HET =
o A s
Parallel .u i
————»>3F, (P-Da,,, *™
{F, (P=1)}1, zl:r 5 o
Single carrier
Matched Filtering
OFDM U (3055 0 i (51 daio yidsd (glous 1(8) JSCib
NPM+1 Sample
= 7 Y S e

(Fy (K15 w (Fy, i
vnl= ZIZF\ (K)ay .I'.""J'
AR R AT A
{F, ()} 5o
Data -— ZF ¥, (0)ag, * -
Segmentation . - _ ;
x/n] & +—— NP-point i 'S JE| yinj
i i
Serial i FFT i e .’ -
- ARG
Parallel | e

—

ZF\' e

{Fy (P-1)} 5, G5

Single carrier
Matched Filtering

OFDM UK e (40,5 00 38 (gl 0 (s0liaiion oo 5931 slou :(£) SO

=
\/’\; YFo¥ 5wl — pomw 8 )lows 93 Jlw — B cilobuw g B 0313 o Julods ay puis == 74



Sl glaie a0 1) Gaa 00,8 sl Jlas! (A-Y) slo JSi

Ol eolpining gy 0gd so 00y a5 jghailan e oo lii SNR
e Sis 0, Gebate 2l & Sl iy il & o0 Shos i
Vol a5 el ol b, GBlaal g3 ST Cm soleeing oo,
el L Ll 5 oo Grlaie 2 4 s (s s 2Skes
ol 5o o S o5 pshailen ol oo 2l g 5l eS
Ol Jsiz o pae cgz ol 5l eslii il 5 JUIS asss Sl (2,
Jolaz 090 oo oloml Glanl (ulS )8 a4 ]y aes 9929 Layl ) 0
Sy oSS &b, 8T Jless! Oeols gl aS wims o las (V-Y)
4 o (it SNR & o5lail 4z a4y glaio 8 zgie Ban

Sl ks dlde cpl yo oad &l s,

S5 A=
g oolaz_ul g OFDM 6l£bJLs.i»_~.: ‘59):.0 )| o e L)"‘ B
Sl zeed b Slaal gl gudaie gld as a5 ools Lz (ol
W Dy, (Bl ez Gl e )00 by Sl 0 es
o el 53, 2 OFDM LS JS sl 4 g, 0ol o s
ooy a3l oy ,681 (g 5lwonly oo e plal isls 5y OFDM LS
ol 35kt St Syage 4 i et 5l & o 5 Al oo
ez by (Slowle b (rmizmen 095 oo Blaal (g5l ST s
Q‘}T@ o..\.:;:‘ ) 6)15 LgLﬁd.l.:.a)' (_;U_J) ) el J...of ‘_9,..‘4...4 )».1.:3
odol i yloj L lopudly slaes 2ul38l 51 g —uilS )3 005,51
L Lg)Lm)lS_w—‘ .0)5 R d)u)bi OJS.LQ.C S99y 2 ‘) RV
Gl wlie gload 5 0 il oo (s0ly o5 do; OFDM (sla Il
@l glo xo595 b o S j5am 1o lajlw I3 glgil >k
ali.’l} M‘jﬁ'ksa OFDM JL&»_»A (5‘)" Qs> s_i».JL».io_w LSLQJJA
&S Hghiles 08 oy aive) (ul elizme ()0 @ (B 1 09>
Gt Jaee S Jlie g @ (S o S e S M‘O‘SA
5 o LSSl astly 05 cad Jolis |y sols (6 e iz sl 3L Lo
Sty by plaidla slaasss g 53 slaad 4wy oo ol
S5 slo)lid ) cnl 53,5 8 )lg ol ply el dalgs sg2 g 1 lapls
S Sl (i oy S Glge & JUSes Joe 55 (ol
sloodany (3,5 Jidini sly ool o (nlaliy og walss mee
Iy adlie cpl jo oai aglyl Jow (lgv o cdame ;0 39250 (S 5u8
Sl oS ooty Jae ol b Jolee 5l KT jlsla g ols (o 58
c—wlio 5,0l sloo p IS o as 6P (s> vy [ e—" (5"‘)']"
Jlesl zgo JSo (3lwaige dlus o olocudgiom olgi oo i
49 QT Oloyed oolai_ul g 88y e JS b 2lb alex 5108
S92y Dyg—o o cdal, i cpl 5l plaS e cow dlaal o5l ISl

r” 3
-

¢ /

[
[

o
©

o o
N ®
—

Probability of detection
o o
o o
—

o o
IS
i

/
1
’

/ rayleiah target & new method

01 w.“‘r' ! i ; ; ;
7 i i i i

Q
-20 -15 -10 -5 0 5 10 15 20 25
Target to noise ratio (SNR)(in d B)

Pra = 1072 g1y 63k i Jloiol G381 :(Y) JSi

—@— simple target
== —-rayleiah target

o
N

/
|
|
/I

1
- -7
0.9 £
BV
/
0.8 r 7
/
/
c 07 :
] 1 /
bt /
8 06 /
8
g [
© 05 7
z / /
= /
§ 04 +
£ [
%03 7
Y
/
0.2 7
/ / /i —®— simple target
0.1 44| === - rayleiah target
,// rayleiah target & new method
o oaoe? T T T T
-20 -15 -10 5 0 5 10 15 20 25

Target to noise ratio (SNR)(in d B)

Pra = 107* 51y 63k ST Jloiol G l381 :(A) S8

U dunglio yo (goloduiy o 951 (515 SNR )5 0gupe :(Y) Jgu
Pra = 1072 gly Gabaio yilid

q q
=4 v A
-y £ -y
-y Y )
_f 0 v

L sl 5o (golesion i 5951 (515 SNR )0 394 (V) Jguz
pfa = 10_4 l.5|J‘f ‘3"““““’ )“‘1“3
Sitw ST Jloss!

XV

s )] - |

Y V.0 -+ A
\ Q «A

\ LA
-\ ¥ -0
-v Y LAY

oo () Gloy wlland plos sl (@ )oa 5 0058 & 50 41 Jos
S8 4 OFDM JUS s 5 (sl 1) 398 06501 ST 0505 o0 ploxdl
oS Sl gl 09 asles LSy Galaie jild b Loe 4l oo
(#) U5t 3llas (VF) 45 SP goz sl 4,51 5l L], zlosel

Wl g Casds (55 4T Nigd gez o2 b o] (sl jad
y[n] =Xb-1 ISpl (o)

. )
Voomm VFeY 5l — om0 jloud — 093 Jlw — 1 dilobus g 1 0315 b o Juloxi 4y i \t%\f



o o
\/\f IF oY 5l — pgw 0 lowd —995 Jw — 1 dilobus 5 1> 0315 by o Julodi @y s == V'

slatdl . L, zlesel b Glasl 0,5 55T ¢,y OFDM o],

S5 ol 55 ie slagy liw 5l plaS o o |, )T o Shee

&=l

[1] M. Mirabella, P.D. Viesti, A. DavolGiorgio, M. Vitetta”
Deterministic Signal Processing Techniques for OFDM-
Based Radar Sensing: An Overview”, IEEE Access , Vol.
11, pp. 68872 — 68889, July.2023. doi:
10.1109/ACCESS.2023.3292937

[2] Li, Hao. Principle of OFDM and multi-carrier
modulations. In Encyclopedia of Wireless Networks, pp.
1093-1097. Cham: Springer International Publishing,
2020. doi:  https://doi.org/10.1007/978-3-319-78262-
1 164

[3] Kawon Han, Seonghyeon Kang, Songcheol Hong, "Sub-
Nyquist Sampling OFDM Radar", IEEE Transactions on
Radar Systems, vol. 1, pp. 669-680, Nov. 2023. doi:
10.1109/TRS.2023.3333430

[4] J. T. Rodriguez, F. Colone, and P. Lombardo,”
Supervised Reciprocal Filter for OFDM
radar signal processing,” IEEE Transactions on Aerospace
and Electronic Systems, vol. 59, no. 4, August 2023.doi:
10.1109/TAES.2023.3235317

[5] B. Nuss, J. Mayer, S. Marahrens, T. Zwick “Frequency
comb OFDM radar system with high range resolution and
low sampling rate” IEEE Transactions on Microwave
Theory and Techniques, Vol.68, Issue: 9, pp. 3861 - 3871
Sep. 2020. doi: 10.1109/TMTT.2020.2988254

[6] G. Liu, Y. Wang, W. Yang “Radar Sensor and Data
Communication System Based on OFDM Without Cyclic
Prefix” IEEE Sensors Journal, Vol. 23, Issue: 7, pp. 7578-
7590 April 2023. doi: 10.1109/JSEN.2022.3229034

[7] A. Coluccia, A. Fascista, G. Ricci” Robust CFAR Radar
Detection Using a K-nearest Neighbors Rule IEEE
International Conference on Acoustics, Speech and Signal
Processing (ICASSP) 2020. doi:
10.1109/ICASSP40776.2020.9054283

[8] Y. RAO,H. HE, X. WAN,J. YI” Range-Angle
Dependent Beampattern Synthesis Method for OFDM-
Based Passive Radar” Wuhan Univ. J. Nat.
Sci.Volume 27, Number 3, 2022. doi:
https://doi.org/10.1051/wujns/2022273255

[9] S. Sen and A. Nehorai,” Sparsity-based multi-target
tracking using OFDM radar,” IEEE Trans. Signal Process.,
vol. 59, no. 4, pp.1902-1906, Apr. 2011. doi:
10.1109/TSP.2010.2103064

[10] A. F. Molisch, Wideband Wireless Digital
Communications. Upper Saddle River, NJ: Prentice-Hall
PTR, 2001.

[11] Peng Yuan, Zulin Wang, Qin Huang, Yuanhan Ni,
"Integrated Sensing and Communications System With
Multiple Cyclic Prefixes", IEEE Communications Letters,
vol.27, no.8, pp-2043-2047, 2023.
doi: 10.1109/LCOMM.2023.3286985

[12] G. Morris, and L. Harkness, Airborne Pulse Doppler
Radar, 2™ ed. Artech House,1996.



https://doi.org/10.1109/ACCESS.2023.3292937
https://doi.org/10.1109/TRS.2023.3333430
https://ieeexplore.ieee.org/abstract/document/10021612/
https://ieeexplore.ieee.org/abstract/document/10021612/
https://doi.org/10.1109/TAES.2023.3235317
https://doi.org/10.1109/TMTT.2020.2988254
https://doi.org/10.1109/JSEN.2022.3229034
https://doi.org/10.1109/ICASSP40776.2020.9054283
https://doi.org/10.1051/wujns/2022273255
https://doi.org/10.1109/TSP.2010.2103064
https://doi.org/10.1109/LCOMM.2023.3286985

	OFDM Radar for Detecting a Rayleigh Fluctuating Target
	in Gaussian Noise
	Abstract: we develop methods for detecting a target for continuous wave orthogonal frequency division multiplexing (OFDM) based radars. As a preliminary step we introduce the target and Gaussian noise models in discrete time form. Then resorting to ma...
	1- Introduction
	2-Methodology
	3-Results and discussion
	4- Conclusion
	چکیده: این مقاله به بررسی روش‌هایی برای آشکارسازی اهداف در رادار مدولاسیون تقسیم فرکانس عمودبرهم می‌پردازد. در ابتدا مدل هدف و نویز گسسته گوسی معرفی می‌شوند. سپس برای آشکارسازی هدف از فیلتر منطبق استفاده می‌شود و نشان داده می‌شود که فیلتر منطبق برای ا...
	واژه های کلیدی: نرخ هشدار کاذب ثابت، فیلتر منطبق، تبدیل فوریه سریع، رادار مدولاسیون تقسیم فرکانس عمودبرهم (OFDM)، هدف با اعوجاج رایلی.
	1- مقدمه
	2- سیگنال OFDM
	3-  فیلتر منطبق برای آشکار کردن هدف

