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Wideband

Large separation between multiple transmitters and/or
receivers results in significant antenna dispersion

even for modest bandwidths!
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Frequency Sensitive Array Gain Pattern

*

Array Amplitude Pattern Array Gain Pattern

—JZ;z—(l —-1)siné

Cl, o )= Ze , G(0, a)k):‘c(ei a)k)‘z

Bandwidth = 395 MHz - 475 MHz (80 MHz), Sensors used: 14
¢

2007 ASILOMAR Conference, Pacific Grove, CA.



Space-Time Data Vector

*

N sensors, M pulses
Data Vector X(t) =D s(6,, o, )+n(t)
k

2, - Random scatter return, n(t) : Noise vector

(6, @, ) MNx1space-time steering vector
S, =5(6,., a)dk) :Q(wdk)@)g(gk)
Spatial steering vector
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_ _ jo, 298106 _ joo, (NDdsinG

Temporal steering vector
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Space-Time Data Vector

_2VTsing,

Doppler frequency N E

\/ - M~
V . Flal

f.-. pe

orm velocity
T I Pulse repetition interval
A Operating wavelength

The covariance matrix in an uncorrelated clutter and
noise scene

R, =) Rss +0°l
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Wideband Space-Time Data Vector

*

Wideband transmit waveform:

F(w), lwl<B, /2
””‘*F(”’):{ 0. lol>B /2

L Is

. )
, @ | | 2 ;
B, —»

(a) Narrowband (b) Wideband

Let y&(t) = f(t)e'': scattered return at the reference
sensor due to first pulse.

ih sensor:  yO(t) = f (t-(i-Dz,)e’ P i=1 2, ... N

_dsinb . |nterelement time delay for azimuth angle ¢,
C

2
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Wideband Space-Time Data Vector

*

The first pulse output:

T

V() =] ()™, - f(t—(N-1)z)e!> "D |

Reference sensor due to n" pulse:

yO@)= f (t—(n-1)z,)e """ gled

;, - 2TsinG Interpulse time delay for azimuth angle ¢,
C

i sensor output due to n pulse:

20 = f (t—(n-Yz,— (-7, )e "W gD
i=1,2,---N, n=12,--- M.
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Wideband Space-Time Data Vector

*

¢
Output vector for the nt" pulse:  z,®)=[z%®), z2@), - 2V @) |

Z,(t) |

Z,(t
Space-time vector: z(t) = _2:() =fk(t)03(9k,a)dk)

_EM (t)_ Schur-Hadamard product

f.(t): MNx1transmit signal dependent vector whose
(iN+n)" element is given by
f(t—nfz—ifl), 1=0,1,2,---N -1,
n=0,12,---,M-1.
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Wideband Clutter Covariance Matrix

*

Covariance matrix for the wideband return f_(t)
T.(r)=E{f ®)f, (t+7)} >0
Wideband array output covariance matrix:
R, =E{z(t)z’(t)} = D_P T oS8 +o°l
k
Low pass transmit signal gives

T, (m, n) =sinc B, ((nl —n,)7,(K) + (I, - iZ)Tl(k))

m=iyN+n, n=i,N+n,.

If T.=T ,then R, =ToR

Z X
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Impact of Wideband on STAP

 X-band example

— ( X-band case, f,=10 GHz, L =3 m, B = 10%, N = 10 subarrays, CNR
=40dB)

Impact of Wideband Operation on Clutter Eigenspectra
60 T T T 1 T

Transmit Subarray Pattern

Eigenvalue (dB)

10F 0 :
Narrowband 10% Bandwidth

1 1 1 1 1 1 1
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Impact of Wideband on STAP

 Transmitter plays a big role in shaping clutter
characteristics

Impact of Transmit Antenna Pattern
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Impact of Wideband on STAP

. 4

Narrowband clutter covariance matrix (single scatter at 6,)
R, =R,s(6, @, )s (6, @, )
Wideband clutter covariance matrix:
R,=T,°(P,s(6, @, )s' (6, 0,)) -

MN _
T,=) 4ee >0 glves
i=1
R, ZPSS +0°l P=PA >0, S, =€, °8(0,,0, ).

A bunch of MN uncorrelated returns, all of them
associated with the single scatter located along 4

S, : Amplitude modulated steering vector associated with
Doppler frequency @, and location 6,
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Impact of Wideband on STAP

Let d,represents the ordinary DFT vector associated with
the eigenvectore, . The entries in e, corresponds to a

double Qnmnllng period of 7, followed h\/ z, . Thus

MYriva
M N

=ﬁdk(n) (9(
NS T

Modified steering vector:
2 MN
‘“) >, 36,
2. Coherent sum

0,,n=1— MN
@, , N=1—>MN

MN | C
:de(n) s(6, + ==, @, +
n=1 N
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0=0+——, o =0, +
n 0 N d d,

n
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Impact of Wideband on STAP

Wideband introduces jittering effect both on angle and
Doppler by generating a bunch of uncorrelated returns.

s a set of coherent

Each such uncorreiated return contain
returns with different directional and Doppler
COmponentS Uncorrelated
bunches of
coherent returns
I
O

(b) Wideband case

(a) Narrowband case

Modified steering vector 5, contains several coherent

returns.
Adaptive processor will not be able to null out the clutter.‘
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SINR Loss With and Without Bandwidth Dispersion

Wideband

Narrowband

.Bandwidth BW =80MHz
*Center frequency f. =435MHz
eNumber of sensors N =14
sInterelement spacing d =0.33m
sLook angle 0 = 0°

*PRF =625 Hz

‘Number of pulse M =16

*
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Conclusions

eLarge aperture size contributes to
wideband conditions

*Single scatter generates several
uncorrelated return bunches.

sEach return bunch contains multiple
coherent returns

Adaptive processor generates wider null

L ®
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