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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

* Corresponding author Ol Hloouge 34-%-:95*

A 2l Vol Vfee Lo gy anillan £45@ VEe /) oIV 1Ll g, 6@ VWAUY/Y 1b iy G ,5@ \YAANNA :allie Syl 6@


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

[ Downloaded from jsdp.rcisp.ac.ir on 2025-07-31]

[ DOI: 10.52547/jsdp.18.3.91 ]

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.
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(Figure-1): Boundary of different range profile regions in
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

oill b FFL-APCR o )68l Jleo lgaca
4dB I o aiudlyy K33 amxl jo leie mld Job
S R S RELT RS

Az —0
sals s sla by, M5, FFL-APCR oy oSl
4 S0P SoeS dlaal Wiy o (il slaS IS
ST sk S ojlailay (633 S L | abgs b
oaldl sl gilwas 5 (goue bl 5l yoren o3l
sl Jlosl b lly by 08 a5 2L )0 g o
K55 gy 5 S35 4l g s s FFL-APCR
2 By philples b by oS b Rl
Sgd oo ey ool Hlade aiin 4 (Sl GBloal jga>
s 4508 Lo 1, e LS sy S
Jdods o Sy Blaal b agalee ;o Lol s o
ghe Gl plp 5o Swglie 5 Shos 55l cand
sapo ol slae oSl 5 Slae (il slaS IS
N I P N PN EPINE o
il S L J5 mlas coudlg FFL-APCR 2y 53!
5 S5 4l g0 o 0 ) Gohaie 1S (295 0
bl ams alS abg mhas b 35, oy
Jsb il b oaeliansdy gmls 5 saiichy o5 slagy L
@ o S A (2lig 0T Sgnge 2oLl (3l il

o (L5AB 0 oo 40B 5905) (y3lgneli il
wx> 5 o,Skes L 5| FFL-APCR 63!
alie p,sl 4 S pugeie S n W Slwlxe
Pt Slwlrs az> aylie gl o ls [10] APC-ER
oyxy 9 N=60 Jsb 4 Ps Jlo)l zoa S 0uiS o0
odiSCuye glaei oIl cwl L=200 ool
ojlail 4y Ki3)F a4l (g oly slaosls 31 LJL (85
oolaiwl o3l oy Ll g laol o oS Job
o =320) oS e
al>ye 52 0 5 Jobo 2 sl Sl 9,50 bilie oy
APC-ER i ,s5l a5 oloy] 5 g oo | 1S5
Llise oo 6N +14N & ool RMMSE 5 e

slaws 4y Olewlors pa> (L

A 2l Vo kel 1Fer Lo

Sl (Ky=154 K, =11)K=27, (K, =3

Dg oo
s Jsb 9 N=100 o5 Jsb (sl 1) g2 b J>
@i ks bol eSS LSS ilgiab g ojlete
sols las (V) UKo yo opleel s (oslwans
D9
oS peols las V=Y sy Ly, 9 (Q) S5 0
Jaie PSLR 3o cews N=100 o5 Job (sl
&3y ol OIS 9 0ad 00) s Gl S (il
e 4 gl g Sl OLuSG (o jsbay Proos
3,5 slezel PSLR sawlcasoa

X 93 T xeg o MF
aolf Y2808 | v:2637 Ground Truth
| A | -mmFRLAPCR
& -0
2
g 60
o
o

-50 0 50 100 150 200 250

(Al

Ground Truth
d | |--=--~FFL-APCR

Power(dB)

'5IU O ;0 100 1{;0 2(;0 2;0
range cell index
(@)
Job b S ymte Blasl sl (2bgs 0w gty :(1)-J50)
K=81 (o) 9 K=27 () yjlgx0b yilid g N=100 oS

(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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