Ve olads ¥ oyg S9SNl g ol Bl )3 (g sld Wdgiy ole dolilad

g 4 (L 00 S il (2955 M (6399 M ) Sig NI Claslwe
b 9 (2Lad IS ply )3 5,30 Mo 90 SIS (0

WL P T
F oy S Y " se s
VEoY slo g3 V€ 313 00 "53990 pls T Goks oo w ¢! Gano (S g 319> oo
e .Ql)._{l ‘QI).QJ ‘(E) O faLa\ éa\> olKisly ‘d)ﬁu’ﬁ n_iu”.SJl K> (B (swdiye ‘5);‘5.3 ‘593.;2'..}].) 2
‘o & il el () o plol ol olSuily ¢ s 23S ol ¥
VEo ¥ slo yage )Y

el elag dg) o plol gols oKl (5 (qwikines 0aSiily ¢ylobiwl ¥
oS
Sl (sloptamn (sl 000 (5lodingg Colb el b ctannS 5B sl Jlg5 (2o sl Wyl 2,809, S Alio o)
Sb M jials oolpidin oSl 5l Bun S o &) (WS-MIMO) 033 iies (95 Lz (99)9 Lz
b $x () @las s Jlie )3 plojon jobo o o8 (Jalyd )3l gowg b 3 (Spbe JH15L So)L
(ISL) Ll loj sl 5 IS s gamo yiShio (535 atgaS b 35 o 3 by (NUILY U sl g 03,8 > JS5
degeme b ly ol lacua )3 () (2Lad gy (il g ogllach (Luilf)d lasil )3 Jlo)l plys als
$50 o5k 4 4 mslie Cand &1y I | (Slasgee (CL-MIMO) 50 o (295 iz (53959 L2 3, |
At Al S (o piygS S o0 )by |) WS-MIMO ()3 (sl bae (sl 008 g5kae slaille
2 molSyd gla adlie tals ISLR ials Joli ol) Guaa wles 0,8 Jolsie (gly (gdm sz dgamo (g5l
Slr 90k Fig P IS B @b g3 a0l dgad (minidd (595 (B3 JSB g 00 0jille S gamg SL sl
Slate Jg5 ogyls jlodlitul b el )5 Slasle wi yo S5 2395 oo 03l banylme ol oy Jobs 51 oy lisebol
S5 b (oloitiy ) ol 00 0313 drsg (5l dinge i ol > (gl fFFT) g oo )58 15 5 (CD)
5 am> LIl ) Gan s S oS o |y S5 550 oo 4 & Sjlu e 3B |, WS-MIMO b, (sla 250
Wi dgec ) (LS g9y
(ISL) (Sl sl S S g ggaime (ol (2SS (b (2SS gge JS5 (b 1S sl
(CL-MIMO) (S0 w2 (29,5 3iz (539)9 4 53], (WS- MIMO) 0305 iz (295 %z (93959 4 51,

Electronic Protection in Cognitive Widely-Separated MIMO Radar
with Constrained Real-Time Waveform Design against Spatial and
Spectral Interference
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Abstract

This paper presents a novel approach for designing discrete-phase, fixed-amplitude
sequences optimized for Widely Separated Multiple-Input Multiple-Output (WS-MIMO)
radar systems. The proposed sequences aim to mitigate narrowband interference (jamming)
or telecommunications interference while simultaneously shaping the beam to reject
threats. By minimizing the maximum integrated side lobe level (ISL), removing undesired
frequency bands, and suppressing the spatial beam in specific directions for each set of co-
located MIMO (CL-MIMO) radar, we achieve sets of sequences that effectively address the
challenges posed by WS-MIMO radar environments. A multi-dimensional constrained

optimization problem is formulated to balance the competing objectives of ISLR reduction,
interference suppression, and beam shaping. Pareto weight functions are employed to
ensure a trade-off among these criteria. A computationally efficient algorithm, leveraging
the Coordinate Descent (CD) framework and Fast Fourier Transform (FFT), is developed
to solve this optimization problem. The proposed method enables the design of WS-MIMO
radar waveforms that effectively suppress interference, enhance target detection, and
improve spatial resolution.

Key words: waveform design, spectral shaping, spatial shaping, Integrated sidelobe level (ISL),
WidelySseparated MIMO radar (WS-MIMO), Co-Located MIMO Radar (CL-MIMO).
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