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Extending the Radar Dynamic Range using Adaptive
Pulse Compression

Reza Kayvan shokooh®, Majid Okhovvat & Meisam Raees Danaee
Faculty of Electrical Engineering, University of Imam Hossein, Tehran, Iran

Abstract

The matched filter in the radar receiver is only adapted to the transmitted signal version and its output
will be wasted due to non-matching with the received signal from the environment. The sidelobes
amplitude of the matched filter output in pulse compression radars are depended on the transmitted
coded waveforms that extended as much as the length of the code on both sides of the target location. In
order to detect a weak target in vicinity of strong target, the sidelobes of the matched filter output
resulting from the strong target masked the weak target and didn’t detect its. Generally, the radar
dynamic range is defined by the maximum power ratio to the minimum detectable power that is
depended on the level of the threshold and the sidelobe levels. Adaptive algorithms suppress the sidelobe
levels to noise level with condition of maintain the range resolution and therefore increase the dynamic
range. In this paper, an improved algorithm (in terms of computational cost and Doppler robustness) is
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proposed based on the minimum mean square error (MMSE) estimator denoted as Flexible Filter
Length-Adaptive Pulse Compression Repair (FFL-APCR), which filter length depends on the length of
transmitted code. It is also shown that the length of the code is influenced by determining the asymptotic
peak sidelobe level and the dynamics range. In addition, the influence of the high-speed target on main
lobe broadening and the performance degradation of adaptive filters is investigated. Finally, extending
of radar dynamic range with the proposed FFL-APCR algorithm is shown in various conditions and its
performance evaluated by mean square error criteria.

Where return signals coincide with the transmission of a pulse, pulse eclipsing can occur which results
in detection performance loss. The mismatches (Doppler phase shift and pulse eclipsing) degrades
performance of sidelobes suppression algorithms. The FFL-APCR algorithm suppresses range sidelobes
by using a smaller filter length and reduces the computational cost. Consequently, this algorithm should
be computationally efficient (real-time) to enable the practical application of RMMSE.

Keywords: Dynamic range, Matched Filter, Adaptive Pulse Compression, Minimum Mean Square
Error (MMSE), Flexible Filter Length-Adaptive Pulse Compression Repair (FFL-APCR) algorithm.

Sl a8 Job ojlail 45 «(ab3 SNR L Bun) (548 Bun
o 55 ol 855 e 055 552 0 ol S5 IS
S i glp G g et plS &5
03gaze 0 s Baa (pl 285 Ll S Jee
Sl w085 18 698 Boe S L sls IS
Gas 5l jelaie g daless g5l KaT LB g 54 e
b, KT BB 0ss 1S j0 gdaie ks 5l oolaiwl b aS
slojluonsSTy gilolax 5 oile, sl Al

ol ISiw (698 slasluonsSTy  jga> o aws
Sbleay a5 cal Bl slaylol, o JL&w Jislop
5 6P sljluenssly I (215, (il S LS
Lobl, apzlee plfie ale 2szga S i
G cad gl 9 Iy Glaal )l S b e JLK e
pae Jdoa Bate b 58 Jas wrs B Lo
Soslig adlue J> 5 cdl oo sadobel sl
G 0gh o FlSw (A8 mhaw 4 So3) S-S laal
Wl oS g (ooiyoSl JLSs 4 (Gl Sz een
A yuals adg mhaw U, il bS5
S LS? as5 e el a5 udatols sla il
6‘)‘? LS o9y [3] Qloads QL@(.MW SYlae &57.'}3 )
S 2R deal b il S L5 maw el
Soslig dlus atuily 090> b jglxe 3, sla sk
&3) a5 el odosls QLAAAJ [4] l P alP KLY J.‘> ‘)
A dbs 0Xigdizes> ddgi Hqa> (O MSE? bz LLS
Jedoas o cenlie Lislop oy o sload

2 |east Square
3 Mean-Square Error

doddo —)
@ arg by op Gl Gl @l bbb s
ot ) 5o S5 ol Gl et Cdgans
by G5 b 6 4 eadalpas sl ol
Las S by Glidl gl 0ei co Jlo,l ooin 8
3 ol el eatn B 3 lly S (6 R S
slagdlny (e oS d9dee Jloyl iy (b I
Condge o Jlol zoaJSs SeSay Goaie s S
88 S 5Vl (s SSE L ], s S
ol bl Pllasl o w7l Sl by 4 atacl
5o 1] sclis o b (s5lwenid sb o 1) anl)
slwos 228 5l Gugaan 9 lgs Gy o) ead (58 Lx
J“SLS" oolaiul Lg)Le IXWRLY u,.JLv

ol gl il b 2y il S gate 5L
JE s s o5 I glila ] 40 ks oS
adgi o 5 Oloy 9=y o 1) 2l (2,5 (SNRY) adgi o
3 iS5 gyl U a8 e Aliion owsS Sk
elal b Sl asl . 5b ass adly,s slakis Bdas
..\.A.M (5“; 439.’ L o.\.:boosl—l ‘5]@)‘ Jbiw 4..3[.' )Lso
Slaas g (8L 0 UK o ek ild o el
g 5B olal> &8l (S e Ban I A6 o
pae cel a4 S o Jlesl 8L, JUSw 9, | (&
B S R IO P SR
Sodso B (79> )3 (Sl S S wha Sl
b ogdleay [2] 0 oo fosd s 1, S g
Blbl o (b gilwes pi8 Bl slaylol, o udaie

1 Signal to Noise Ratio

fFA ol Vo, Ve JLlu


http://dx.doi.org/10.52547/jsdp.18.3.91
https://jsdp.rcisp.ac.ir/article-1-992-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-02 ]

[ DOI: 10.52547/jsdp.18.3.91 ]

99 Ol (5 lwod yuind Hilud by YISl (Hligs 6 yiuwuS | yiul 351

ot el s 3] deara o (sl S il oS
58 dmpled uil)lgsS G ple wgSae daloe pn>
L} aS cul 6&....‘0 9 W) Ola) )l-A-M.AJ RMMSE P“")Bf'”
Glwosid s 5l eolaiwl b [6] jo .08 ol o Uas
o=b)lgsS i fle osSae Slewloe pax> cilasie B8
RMMSE 0,31 Ko e b oo ialS
Gebai pae aiile oulioloy! sloGudal sue 4 Conuls
g Boe &8 >l (LBU hes sl B8 (S g b
hos lao )5 (B y0 eaiiplr S S~ L
b Gk pac 4y S RMMSE ol wilgn b
B8 Codgaze WS ol 1) 3B s ol
4 S alds sl Jls b oas el 6o)lae 51 b
Jaisas [7] gz yo 5o dlass ol ol oas aslopy o]
Gilwod s o L;i»_‘a)f Co po w...s)jfﬂ 9 oAl Com
FFL- Gt Jsb b olo il abus & iy ol
39 (e ! 0l ALQ,..M U—l és) 6‘;: APCR6
ol (K3 F IS lawlxe pox> ialS pogdle [8]
30 a>g,hae 4l gles oaul .ol > MAPCRY 65l L
S8 (2l 0 bl by oS il allie
3l Bl amayo g (Ghilon oy (90 5 Wb
Oete 0 a8 Cal axl ol j0 cas Sule caes Blanl
Yede Jlo 5l osd oo asloy, ol 4 yleans
Glacusgame 88, 5 (giluanr lp Hise Gl by,
jope boal olaiy RMMSE 0,651 jo sadioly
a4 OV 5l S gd AT o0 4 pl 4 OV
3 Coglie clwlre o> polS Al lojen J>
awolie johateds wlaisls, s b (K85 5 lgs oy
Wi cpl lagiloans ;o Yle plo b mls g
D¢l oo JL.Q)‘ odilw,d 0P, Lg)‘lé IXWRLY Cﬁ"u}i“’
AP ol lp FRL-APCR o)l 5l oo
sudsSwlo s Slaal Lg)l.w)liw] 9 ‘5»‘.:9.: c)l.u.f
po,o3dl o Slae Ll oo oolatwl S e 9 Sl
P9dee 2bj)l MSE 9 PSLR (sla)lae b (soleiiny
By Sl ple Glapi )N Lol gla il 5l (S
Db oo dmslie wlie 00,65 b o 565l
5 Gebie 3 50 ol oS gaose aaldl o
2 I Joe G 5 @l (B8 slap ,5Sl
FFL- oo)08dl (giluosly ogo 9 (B85 300 by
iz glag s pile (i 10 098 0 &Il APCR

2 il oty slaad o5 slajluensSlyy a5yl
g ond s lod (predt (igd ood Holaie LS Slowlns
byl ogdleay .9)38 oo S (29,5 2 (25 S
o e Sy (Gehie slayils wsles) Galaiel
S G Rl whan ailgs gos el 00 Ly 5o
Gyl S Llrol 5l aims el g s b 1 o
Cowbes Ghie glopld 4 cons LS Gl
Sleea 1) Ll wsyle ok Shes Slpl a4 (o min
Joae Slesi a4 Cand 4] polieyee slapn oSl
30 o2 6,500 g,y Ll il o euls o8 JUSw
oS ol slpidy Bohaial sloild 5l Sy L [5]
o Kl b gy cnl 5o el (eSS s
(K=3N oS Jsb plp aw Jle slp) 0ob o0 iy
Jss3 B SNR lib U 1, ol gladisy wissy as
il Jlae! ol oS IS alaws als ol
Sibwosly wlalyy (39 (o9, SO V-7 Lo o
Silwes 8 plyicas o MMSE! ez b a5k
col iy 3] wsboes (APCYH) sy Ll
638 Gz by 0y (ilr (SIS S s
Soslaul e ams ol adgs mhaws U oy hlBgy 5l
Sl satisly i ysSH 45 el 2l RMMSE? 52, 651
g e ma 1 ools 51 QILSE S L L 0p Gk
g gl U1y 00 (ol SloS S J5e j5boas wilgs o
ST sluoasSTy ab T gheio Canl 5 35k mb
bogsedSd (22 A 9 RMMSE o 50801 oS
odls Jolo g JUSew mb)lesS pmsle JoSis
SRl Eal Se pd LSS Abn g b3 0 n gt
slo wilen by, ol [B] wes oo Sleiiy SOk Lo
5 e bl 5 oSl Glaal (sl (5310 (sl 55
il oSS alS WS e Jee Sy Glaal
Ll el 5ledo ity slocie o b Cilanl 5 b
Sl ple @ Cos G 9Ses 5,0
sl Ll o)l (il Sl5 pals jshaiedy (L5510
ooiiS sgame Jale 4w b [3] o sntslyiin; RMMSE
9 ke Gl pae 4 Sl b Glalre o>
azlye (28l Ol (BT Cndg ;o 9 Skes alS
235 sloryig 5l slasgezme RMMSE o oSl o el
P85 Sgdiee sy (gesl cow oy ke 2l
ol wsSae aelbre 4 LS o0, anl

6 Flexible Filter Length-APC Repair
" Modified-adaptive pulse compression repair

A 2l Vo kel 1Fer Lo

1 Minimum Mean Square Error

2 Adaptive Pulse Compression

3 Reiterative Minimum Mean Square Error
4 Ground Truth

5 Pulse Eclipsing


http://dx.doi.org/10.52547/jsdp.18.3.91
https://jsdp.rcisp.ac.ir/article-1-992-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-02 ]

[ DOI: 10.52547/jsdp.18.3.91 ]

Fbsyp sloa o mul l adl slral> (N Job L)
el S
A =[x(1) x(-) L x(I- N+DJ=
x(1) x(1+1) L x(1+ N- 1)U
x(1- 1) x(1) L x(1+ N- 2)§ )
M M 0 M
(- N+1) L x(1- 1) x(1)

el B Lol i polie | Sy e ol

ly ke Geate L3 Wil X(0) 5l 5S,p AQ)
ebie A5 il e SNR ) 1505, 1, x(0)
A 0 LSS 3 G S B)lee slayloly o
aS Jb o 1aS o oolainl 13U sla e ls ol ol p
L lagszg 5l 0 84 pamie degorme S RMMSE 2 555!
Ll & 5 005wy 3 Glaasls 51 Sy o ol
S Bl &z ;9 RMMSE 20,61 s o olais]
oolaiul ojlaibinl gdate il a4 alie JiSw Jow
Glacgome gl APC 3 o JLSw Jow .S e
(V) Latlg, 5l oslaul b o 28 jo JUSKw 5l aigai N Jols

DD
Eo A=)

Dgdoe Ole g Dyged (7))
%)= AT(1)s+ %) ()

by S Jow 4 as JLKw Jow o)
bsykd [ wll) ST ams o el Gelaie ild o
o) oS 2 RMMSE 5 s 0 N X1 651l
abf, 508 Gdate ld Sl Wise L
[3] s¢& .Error! Reference source not found
B oy Jsbe & MMSE 1L 530 S ol sl
O g S| M‘s ‘09.4.» 00 U’“’Q‘;U ‘Sh.AAAJL‘ ASX(I)
b el 8 3 pasmin £ 3G ey yo X(1) Jskw o
A Dgd o8 Ay Oygody o laibisl MMSE 4 ja
Bk o opuyaxmis ;3B e Ghle el
4] 055 4eS £ =0,...,L-1

2= EfO- w'H0)[} )

osSas o) i3s3l esliil L RMMSE 2 63!
dsle 3 Jokw o lp 1, NTN el S
sk 52 sl ol Glawbrns 4o bwgis 1A S o
e 4 odld oo)jiﬁ 6N? + 14N G5 b, j0 oy
@D pas cage 5 cl ooy (LS Sl

g se so8ly Loy & y50 4 RMMSE 2y 53!
2lo B Kld Job w)esl ) 5o ol
2 Slgee ol giluespad Gl slap 6l
PSSz kS (Gt ybd Jsb) N L oasslie
e o sanlice (1) JS5 55 a5 jsbylan 5 bl

iz (>l 4y ganype Loy by w6l cpl o

@bsr 8508 Gl )o i oSl o Shee iules sl
Sbl GiFe )0 g el abgy e slagsiluand g Gy
0, See b3l dosslwand @l (g g Julod oo

e )l oled (5 S Az g ateie slalas b

iy jlo Y
g LS gladads GBlowl Jolis o by, aSyl o3 L
o Ml ey 0 s Lo Jsba op
IS T o oty Jase 51 CPL GG (9,0 00 o
€9 5 Jlo)l udb bl jo a4 el g0 Jlu,l Glaal
Gl il 09l e a8 S Gl 0 (gl eadas
b.’i_él.l)o SNR UQ;M 6‘)—.’ [1] &= 0 0Ly pai
w9 ek ddgi jga> o glalad jlweasST, S
EE VR ‘) ks““‘f)l) JLKM.; ‘(AWGNl) emsﬂ;é.o:-
oo 055 o0 Ttz Jlol zae S Gloj g0
250 et la bl 08 s aienS 8b s JUKew

gl e Gy nj O gon

y() =2 (s +v(l) M)

ot KO =[x(0) x(t=D.. x(t-(N-1))] a5
S Sl 0 hlogp o uly l (@wgs aiges N)
oS il 0uh irmpen € ;5L LS gae s 0
g vl s N Jsb & s=[s, s sy,] Jl)
ol St

S lalisl dulate LS o b0 Jiw Joe
290 Gl gy O)geods dnS 059> 53 WilgS oo
R (£) =8"(0) 4p)
I bl o aiges ) Gobaie iLd a5 Ry (0) oS

oy Job 0 00 bligy arpo ul 5l pidu 4 by e
e Gy £=0,.,L-1 Glila L gosley

bl mse IS G el paise
b5 N Jsb o ows=f, s Los,J
N Jsb & §()=[y()) y(¢+D).. y(@+(N-D)J
Sy cwl g8he hlow JlKww 5l aiugy aigad

Lulg) 5l eoliiul b ojlle 5 Gulaie il (yresd Al
g lg e (V) 5 (V)

Rye () =s" AT (O)s+s"0(0) )

Jop V() =[V(0) V(D). v(E+(N-D)] a5

D93 N5l slacgorme @2 A(f) 5 odigdaes dnbw adg)

1 Additive White Gaussian Noise
2 Convolution

fFA ol Vo, Ve JLlu

&


http://dx.doi.org/10.52547/jsdp.18.3.91
https://jsdp.rcisp.ac.ir/article-1-992-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-11-02 ]

[ DOI: 10.52547/jsdp.18.3.91 ]

99 Ol (5 lwod yuind Hilud by YISl (Hligs 6 yiuwuS | yiul 351

o> mals sl FFL-APCR oy 65l

oolaiwl (F) dlayly et pld 29,5 5l Slalse
Fewly 2N =145 598 oo canlice (F) akal, ;o .05 oo
2 Gelate L5 5l ool L ook S pglome o a1y
Ol (s Lhod 5 res b 09 00 00,88 ok S
s B905 2N =151 5obsS MMSE jils S >,k
A2 () Akl anze &bl jshaie (poy 3o
alpo oy W) 0gd oo (>l W(L) saisiyss
oS ol Kx1=[Kg +K, +1]x1slol L MMSE j:Lé
Gebie S (29> Sl diged 2 lp Tme jebay
J(0) ilys JiSes Slyisas Ry (0) o 51 W(0)
[Kg + Ky +1]xL slal b Kye (0) oy 095 oo ooliul

T(O) =[Rye (0= K)o, R (0), Ry (C+ KT )

53 il gl g5 sladises olaxi Ky a8
Sladiges slasd 53 Ky g Xye () J*?.L‘}T <o Jobe
A Jsb sl Xy () 5w el iS55
el 2N-1 giSTas 9 ¥V Bl K=K +K, +1
Kl SN=1 o5l 5l lginly Ky 5 Ky polie ol b
Sglite g Golue polie sl 0,8 bl [K,[21
Toslsel 5 Toslene Job b it el g Ky K
59 Sl 0l ooly lad (V) JSKo 50 aS 0gd o iy ya5
Oileel b olge HESle g Job B allie ol
Glaal gl FFL-APCR 2,681 55 calaeie (sla il
W) 2kt Coledyd 99bon () S e 5 Sl

1] ogd o0 iy 2j &ypots w98

W(0) = p(0)C; (0)"Rss A

STl sy oo b calie ols AO=[R(O o5
(W55 Sl 5l iSzsS (s WS i) p(0) <<o;
et Syt 08 JblBay 8y ot Nl il
Geed 4 0pd e Taskasl Lulyd e 5y sla sl
Ole ez Slpdd 0l 0,500 ,id L cys
Ll po 5 olgor 8 ojll 4 a5 Ol g 00 slaok
30 0<a<2 Sl 0,008 13 0,5 (6,5 ol> velul
L5 A0 =[O & PO =[RO)") abgrye byl
2 opie Jhel (oF 4 0 wde aby 58
IS A e o 0 0 canlie Hlaie SOl oo ledcs
D9 o oalaiwl v ;93]

(Q) alal) )3)C () mrle slaalys 5l plas o
1yl o0 Camdty j alal S

By Sle Goiwnd (55105 0920 5 99l oo
[7] sl (3,5 axl jl Sglaie (o3l ol 005

2X(N-1) N1 L CN-12%(ND)
{0,.,0} 0,0}

Filter  2*(N-1) | N-1 K, L-KB-KA  Ka, N-1 , 2%(N-1)
Input 0,..,0} {0,...,0}

Eclipsedregion  Non-eclipsed region Eclipsed region
Filter
Output ON-L ke, LKEKA N1 :;
398 0 0 gy Rl (2195 (g0 yo (1 JSC)
[7] FFL-APCR
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FFL-APCR algorithm
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(Table-1): Comparison of the performance of pulse
compression algorithms
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(Table-4): Numerical simulation results of moving targets
with code length N=60

(dB) jLxe Balanced UnBalanced

K=11 K=27 K=11 K=27
mse_MF -24.95 | -24.95 | -24.95 | -24.95
mse_MF(L) -33.46 | -33.46 | -33.46 | -33.46
mse_APC -46.41 | -46.46 | -46.45 | -46.28
mse_APC(L) -55.39 | -55.62 | -55.69 | -55.64
PSLR_MF -23.9 -23.9 -23.9 -23.9
PSLR_MF(L) 238 | -238 | -238| -238
Improved DR 36.65 | 35.83 | 32.02 36.1
Improved DR(L) 332 | 3818 | 3488 | 35.87
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mse_APC -47.22 | -47.23 | -47.18 | -47.18
mse_APC(L) -55.28 | -55.46 | -55.44 | -55.46
PSLR_MF -28.09 | -28.09 | -28.09 | -28.09
PSLR_MF(L) -26.38 | -26.38 | -26.38 | -26.38
Improved DR 2434 | 28.98 | 27.15 | 28.68
Improved DR(L) | 27.41 | 27.97 | 27.78 28.4
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(Figure-11): Extending the Dynamic range for moving
targets with N=100 by FFL-APCR algorithm that used
unbalanced filter (a) K=27 and (b) K=81
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(Table-5): Numerical simulation results of moving targets
with code length N=100

(dB) sLxe Balanced UnBalanced

K=15 K=41 K=27 K=81
mse_MF -25.89 | -25.89 | -25.89 | -25.89
mse_MF(L) -34.75 | -34.75 | -34.75 | -34.75
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