7SAM

L

Signal Acquisition Modeling

and Processing Lab

Electrical Engineering Department

mmE=E= Flectronics
mmmns Computers
mmmms Communications

W

TECHNION

Israel Institute
of Technology

Spectral Coexistence Via Xampling (SpeCX) Prototype

Kumar Vijay Mishra
Moshe Namer

Andrey Zhitnikov
Maxim Meltsin

Shahar Tsiper

Eli Shoshan
Yonina C. Eldar

Main Contributions

Spectral Crowding

CRo Signal Model

« Input multiband model — x(t) with Nyquist

Sub-Nyquist Radar Model

[ targets, each defined by 3 degrees of freedom:

® A spectrum sharing technology enabling United States frequency allocation and rate £, composed of 2/ bands each with amplitude «,, delay t,, and Doppler frequency v,
interference-free operation of a max IID\Iéqndwidth B >9 « Received signal for P pulses after demodulation:
; : : UNITED P-1L-1 _
surveillance radar and communication s | () x(t)=3'S ah(t—7, - pr)e "
transmissions over a common spectrum. Moo e I ) I g e
o « This is an FRI model as x(t) is completely defined
® Cognitive radio (CRo) receiver blind- = * The Modulated V\I"defa“d CO(;‘V% ter ("I’I'V\I/C) by 3L parameters
senses the spectrum using low sampling =) iﬁ;ﬁeﬁe?ss :‘"r; Sa':ﬁeogpergtr;tl';” o thF;?:rzaSh m | | | |  p=371-4
and processing rates. | . ' : :
+ RF spectrum is a scarce resource and becoming Rﬁggi ;gp?seggsng bby?srfiz?:;.w th periodic R /\ A /\ A /\ i :
* Cognitive radar (CRr) employs a ncreasingly crowdec S€quences. « The signal’é Fourér coelfficierlntsA coﬁtain tﬁe :
Xampling-based receiver and transmits - Spectral coexistence exploits spectral i
_ P €O P p required parameters:
in several narrow bands. underutilization by allowing both radar and % 1 T
comm to share the same resource. S [ eI cplk] = —H (2rck /7) z ape I 2TkTe/To=]VePT
° _ _ 0 | i ‘: T, -t £=0
We merge two systems an(_:I adapt them For a wideband signal -1 UU X Il - Xampling acquires signal’s Fourier coefficients that
to solve the spectrum sharing problem. Nyquist rate is not an option! — Sub-Nyquist contain the required parameters
Cognitive Radar Spectral Coexistence CRo and CRr Spectral Coexistence
. " ) . .
Cogm’qve Radar !aased on sub-Nyquist The unusec] CRr bands can be used for . ,\ A Xc (f) o % ()
sampling of receiver comm Services H—LI—I—R-.—A-I“ i o
® Leverages sub-Nyquist receiver design p1 () H(f) . 2(F) (L A f
® Advantage of avoiding RF interference = ¢+ 1 71 1 [ JX\ 1] o =— fl Alf;;% 1T
from comm services & T I support || semal | l ;
- - - ecover econstruction -
® Less transmit bandwidth without loss of o () . Expander | M . Recovery o Ty
] C LNA + i a M/q ° : z[n] = Ax[n] <
range resolution Cognitive radar subbands — T |Filters . :: = Detection 1 T I ;
* All Tx power can be focused in narrower + Pua®  yen o g o | hai = A=Azl e 5
bands — high SNR C ) 4@ | ‘ | s L — 2 7 > REM
| X - 3
— FmJ) ~— Fr (from radar) 18 ek
Communication bands ‘ Analog Front End - MWC Low Rate A/D Digital
5 B 52 Bs BN, . . .
: 1 * CRo blind senses multi-band comm signals

Frequency, w

Spectral coexistence

*  CRo communicates vacant band information to the CRr

* CRr chooses the lowest interference sub-bands for transmission

High Rate Input Signal

CRo Prototype

Low Rate Aliased Signal

CRr Prototype

System Design

CRo Reconstruction

Cos(28.375Mhz) Cos(28.94Mhz)
30
: Amp BPF Amp LPF
A 1.146’.*'1;](‘:& 16 26 226 24 266 “636':'1 Cos(28.27Mhz) Cos(28.94Mhz)
‘ Amp BPF Amp LPF
1348 H F.;ngth 1348 125Kkhe |
Signal LPE Amp = A2D
in fez2smhz | 7| 24dB £ 4 channels
- Sampling rate
.. e g 2 {cos(z7 e Cos(28.94Mh2) .
ﬁ-;“?‘m = b 7 x;i,c'.-,. e f - - In each channel
— - Amp BPF Amp LPF Total rate
. 7 | : = 13dB Fe=29Mhz 13dB 125Khz 1Msamp/sec
Signal Generator E— E i N R
,!‘ 4 ) “ C05(27.4Mh2) C05(28.94Mh2) - .l... ==
. " = iy (RLLL
. e Ay H o H A 5 oy H
== SaF Y i e 1348 [ 7| fezomhe [ 7] 138 125hz |] i i
;3 (o@DY L —_— ¢ . x5
N|© USRP-2942R RF Generator The ch ca rd Slgnal ADC + DSP DE'A e © o olo © 0 © ® ® ® ® ® ® ©® ® ©
1 L
d - NI 5451
Supportmg Hardware NI813317 = = NISG30RE NI'6123 4 NI 4130 Power
NI System controller (. conm Plfier channels ADC, - supply to Pulse
Runs AWR 250 KSps Xampler
Generator
[ ]
System Design SpeCX Prototype Measurement Results
o~ )
g TECHNION SpeCX Prototype “S_A_MPL
| | Institut . . . ignal Acquisition Modelin
" B of Technology Spectral Coexistence via Xampling S e e
Cognitive Radar (CRr) l o s - . =
LO Frequency , - I Cognitive Radio (CRo) Mode Jranse Cognitive Radar (CRr)
Specx D'Splay e LO frequency (Hz) Carrier frequencies (Hz) System parameters I?ands ?cenaric
Rx BB Splitter Rx e - B s = Recovered parameters |1_2055 [ “laom | room | s046 stopCro r g1 s |
Signal | U/c e D/c »| Xampler Card PC R | ' » Received signal (Baseband)
\ — - | Xampler (___» Highlight Cro RF Signal — . 10- ——
| 4 e CRr pulse [~
N B . 720 o g Noise [~/]
: i : O T
+ g 210 oy = 4 25-
o R | () % - e A | Ez H H L i e
g _HH H | Vacant bands, 0  200M 400M 600M 800M 1G 126G F.lféG..,m,lilfg 186 26 22G 24G 26G 286 3G - xnz;:c::mm ? 00 s ﬁm'fum 20 25 30
8 ‘ ﬁﬁiﬁ : : 2 GHz LO, SVnC Low Rate (Aliased) Signal SIS DD LIE LD LIS LATE G % _ Imr 37\':(:;“ Wicllej:;ll:zm
_ Hz A-Scope Range - Doppler Map
© . . =
Cognitive Radio (CRo @ Torges Reconstrction [ !
.E-O g - ( ) / SpeCtrum Ew g;n b Simulated Targets E
m ‘ o~ - = Analyzer . Em - @  Clutter Map
‘ - - 1] 5M 10M 15M 20M 25M 30M 35M 40M 45M S50M 55M EOMI 0.00 g” .
1 : 3 2 GHe x ) = . Frequency (Hz) 0.0 0.2 :::Bm 0.6 0.8 10 §zn -
r 7 Signal Generator . Reconstructed ignal e B
[ /// »| Combiner < 0.8-2.5 GHZ ) Analog Card R 5:: 2, a 2 e "
> Splitter PC E-so A N ég e Distance (km)
LO’ Svnc -soO 200M 400M 600M 800M 1G 1.2G 14G 16G 18G 26 22G 24G 26G 28G 3G _20 b 2 ;’Eiw * H %

CRr Detections




