:.--8. % % oy g —
o - 2 S
Tl o a g5
o N m
= U — O S
L Q L —n
= (J = = S £
_i ¥ «), o S e
;EE : h Q .é - gE
< ™M >, <= £ 8
S B2 = N z S
<73 v O > D >\E
| =° m m v S L 3
)3 ) — T ©
© L -
> £ O c E 3 .
o G —
o D 5= < % ks
o S & (O 2 | 3
- = 7 8
- B % 2
- A = S £ < £
O O m > O P 3
c£5 G :C=5=Z 2
< £3 Q. > o
@£ < 5 2
-
> 3

=» Technion

A\

Israel Institute of
Technology

Signal Acquisition Modeling
and Processing Lab

Theoretical Background

Range Cell Migration
Correction (RCMC)
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Synthetic Aperture Radar (SAR)

Stripmap SAR Our contributions .

« Conventional SAR
strip mapping
mode

*Azimuth
> Azimuth

nzimuth

® Stripmap synthetic aperture radar (SAR)
prototype that demonstrates
in radar imaging and
reconstruction of target scene using a
algorithm.

*Azimuth

A fixed pointing
direction antenna
broadside to the
platform track with o
the beam pattern:

« RCMC also corrects the
hyperbolic trajectory of
the targets’ echoes.

is employed to
further enhance SNR for sub-Nyquist
SAR and adaptive frequency allocation.

"Ra nge Ra nge Range Ra nge

o T—T =
W (X T) = sinc? (' ml o Tﬂ)
I s

® Cognitive sub-Nyquist SAR recovers the
target scene at low SNRs with ‘

RCMC requires digital f \ . \ . S : .
interpolation Range RCMC Azimuth

than non-cognitive Nyquist processing. Compression Compression

J Qte. \_ J \_ J \_ J \_ J)
Fourier-Domain Range Doppler Sub-Nyquist SAR

» Strip map is
and follows the Raw data
length contour of the flight line of the

platform itself.

Compression

Azimuth IDFT

Y[n,k]=S[n, k]e_]ﬁK“[”]

1 M-1 Jj2mk

I[n,m]:MZY[n,k]e M

Returned echoes are sampled in the Fourier domain under the Nyquist rate

using Xampling

Uampling requires analog pre-processing

* Fourier domain RCMC is similar to Slow-time
beamforming in frequency
Range. s[n,m]=d[n,m]*h [-n] d,[]=7-d,[]*h"[/] * Interpolation is replaced by a d (0] 100
Compression . . . m mll]
weighted sum of Fourier coefficients
M-1 —J27mkm M-1 — j27km - . -1
Azimuth DFT Stnk]=Y sin,mle ™ =5 d [7e i (we_|ghts are characterized by a
m=0 m=0 " I‘apld decaY) fast-time
RCMC Stn, k1= S[n+n-ak’, k) 1= 2, snlQ,[-n] * No over-sampling required at the s i S
nev(k.l) -
_ g receiver
Azimuth

_
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Cognitive Synthetic Aperture Radar (CoSAR) Prototype

Cognitive SAR (CoSAR)

CoSAR Transmitter CoSAR Cognitive Chirp CoSAR Cognitive Chirp
4 : | S,
__ o—— 0 — =%
. B B B3 Bn, 0-98 o —— 9 - —0O— Traditional | |
E 0.96 | —O— Cognitive
B ____________________________________________________________________________ Non-cognitive Tx Signal 04T
o | 0.92 - .
- — Cognitive chirp > -9
B Frequency, w 0.9 - o
® CoSAR leverages sub-Nyquist receiver design : _ Lo ”
® CoSAR transmits only in a few narrow disjoint * Cognitive chirp signal iS_Obtained by fiIt_ering a 084r e o
subbands few subbands of the stripmap SAR Tx signal o2 ]
SNR[dB]
* A framework for adaptive transmission and * The total power is same for both cognitive and * All Tx power can be focused in narrower
chption of SAR signals non-cognitive signals bands — high SNR J

CoSAR System Design

Waveform Generator Analog Pre-Processors Digital Receiver
I-channel (t) ~ ADC
aptop/PC PR (0 i
I[n] | . :X4 : x4 l, J[n] Laptop/PC
o $” o 1,(t) (ser'i'élized)
Interface _ : 4 @
s[n] = I[n] +jQ[n] Q[n] Q. (t)
(serialized) alt) Ql(t) » ADC
DAC 2 . ADC
’ (QQ-Channel LAN
APP ‘x4 'y Q, 4ln]
' ' serialized
« 5 MHz cognitive G‘Zi'iHZ Qu(t) ~ ADC ( )
chirp |S(f) |
« 4 subbands of ADC sampling rate
625 kHz 2.5 MHz
bandwidth

Non-cognitive

. : th
Xampling at 1/4 Result of Nyquist

| S4(f) ]
/’ |SIKI|
Cognitive subbands
<

of the Nyquist Cognitive sampling of non-
rate cognitive signal

-  RCMC at 1/8t of 10 MHz >
the Nyquist rate «— 5 MHz —/™

CoSAR Submodules

Radar Controller Waveform Generator and Digital Receiver Analog Pre-Processor
'ggggjg'u‘g" Cognitive Synthetic Aperture Radar Prototype “SAMPL ‘ e ] e ‘},?;ﬂ . 7 « S |
CCCC sb:ufn n;ble: WGN[dB] Carr.ierFrequency M Puise Bandwidth (MHz) 5 iy T BT . S i ]| ‘ lg‘ "nlg b § - s
e e
Run
Allows selection of scenes, algorithms and other parameters Xilinx VC707 board with 4DSP DAC and ADC daughter cards o L ,
K Separate filtering of | and Q signals /

CoSAR Prototype and Measurement Results

Non-Cognitive Nyquist Non-Cognitive Sub-Nyquist Cognitive Sub-Nyquist

Reconstructed Scene Reconstructed Scene Reconstructed Scene

- - ; ,- o ""
' = r -~ - t
™ > TS e
N . .
i — L 1 Ground Truth 1 Reconstructed Scene 1 Ground Truth 1 Reconstructed Scene 1 Ground Truth 1 Reconstructe d Scene Absolute Difference
, - - ‘ . . . - .
Digital CoSAR Display
Ll
Receiver 0 0 0 0 0 0
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
Details: Details: Details:
i Recovery X . Recovery . Recovel ry

{Eg;r]f’r FSIM ilndex: (E;:]‘” FSIM ilndex: |0.9055 | :Eg;lr]or ESIM iindex:
k CoSAR recovers the target scene sampled at 1/4th and processed at 1/8t of the Nyquist rate with least error and most similar low-level features J




