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Modern Multichannel Array Radar Systems
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Single-Pulse Simultaneous Target Detection and Angle Estimation [1/5]

Adaptive detection architecture Accurate target localization

\ — (estimation)

Detection and estimation: two different signal processing tasks

Target parameter estimation only after target
presence declaration!

DESIRED: simultaneous target detection and
accurate angular estimation



Single-Pulse Simultaneous Target Detection and Angle Estimation [2/5]

Multichannel planar phased array radar system

received data: r = ap UQ , UO = 'n

"\ Gaussian
target backscattering - I . random noise
and channel propagation ~ SPatial steering
effects vector target DOA
Array steering direction Linearize the array manifold
not usually aligned with ) around the pointing
target DOA direction (i, U)

Au=uy—u Av=1vy—7

unknown displacements Al = [Av

Planar array geometry



Single-Pulse Simultaneous Target Detection and Angle Estimation [3/5]

Linearized target . Op(u,v) op(u,v)
: Au, Av) = A Av = HAG6
steering vector Po(Au, Av) = p(ii, V) Ou | e Ut =5, - V=g
i (r=n
Target Ho : < .
detection problem Tk = Tk k= st Constraints
|I]| ) | , Au| < «
2y, - JT = PalAu, Av) +m vl < B
1 \rk:nk k::1,...,K
Solution
4 ) :
Generalized (p+ HAO) 77! (p+ HAG) N(AB) bo>.< constramed-
Likelihood Ratio 18X — - = | i A0 fractional quadratic
||— PEY (p+ HAG) (p+ HAF) QA“'SB ( )) optimization problem

Detect the target while simultaneously estimate its DOA



Single-Pulse Simultaneous Target Detection and Angle Estimation [4/5]

Dinkelbach’s Optimization Algorithm

At each iteration

AQ* = argmax N(AO) — ¢ D(AH)

|[Au| <«
|Av|<B

=> GLRT for Linearized Array Manifold
with Dinkelbach Optimization

{GLRT-LAM-DO =

1

‘FT(ﬁ+ HA6%,)
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Coordinate Descent Algorithm

At each iteration

Au* = arg max (Pa 1_|)_ P AT T Ef 5 . )
Aul<a (PR + B, Au) (PR Y + B, Au)

—(n) Av)T7 7t —(n) A
Av* = arg max (pA“ —i)_p'" ks Ef) w T p” v)
avi<p (B + B, Av)T (BY) + B, Av)

=> GLRT for Linearized Array Manifold with
Coordinate Descent Optimization

1 |”°T(IJ+HA90DO)|

{GLRT-LAM-CDO =

I o |



Single-Pulse Simultaneous Target Detection and Angle Estimation [5/5]

URA with 5x5 antennas, @ = 8 = 0.2, (Au, Av) = (0.05,0.05)
1 narrow-band jammer at (0.1, 0.1), with JNR = 30 dB and 1 wide-band jammer (B = 0.3) at (0.3,0.3) with JNR2 =40 dB

Detection Performance Estimation Performance
1 T T § T T T T T T T T
—— GLRT-bench NN —— CRLB
— — AMF-bench -15 —»—GLRT-LAM-DO (K=30) ||
— _ GLRT ~ ——GLRT-LAM-CDO (K=30)
081 _ AmF - 20 - DN —+—GLRT-LAM-DO (K=50) |’
. 8D N ——GLRT-LAM-CDO (K=50)
/ 25, — > —+— GLRT-LAM-DO (K=75) ||
——SD-AMF y [ soronol] - Jaanoon] ] GLRT-LAM-CDO (K=75)
I : ) - | —~ L0411 outliers outliers | ™o e - - = |
0.6 /==~ GLRT-LAM-DO y A/ m-30 L= < >~ GLRT-LAM-DO (K=oc)
A ——GLRT-LAM-DO-AMF |/ =) of 5 | S XM GLRT-LAM-CDO (K=oo)
o GLRT-LAM-CDO ) L -35 [, | NN 1
| —=—GLRT-LAM-CDO-AMF | 7 7/ * Close to benchmark | o
04 = 0.2 t S
'40 I Au Av 1
performance -
Outperformi 45 - °~°2'lﬁiﬂ§’i°[ outiers |1 ]
* Qutperforming o3 $ \
0.2 counterparts | .50 ol | i 3
; ?
55 | Performance 3 T
04 - | x 1 approaches the f-=*—+ * |
0 5 10 15 20 25 CRLB 10 15 20 25 30 35
SINR (dB) SINR (dB)
benchmark




Structured Covariance Matrix Estimation

with Missing-Data via EM




Structured Covariance Matrix Estimation with Missing-Data via EM [1/5]

MOTIVATION
rg e oo r3 r; n TiNC'N(O,M),MECQH]_'Y_*_,Z':I,...,K,
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W
- yi:AiTi,’I;ZI,...,K,

pix N
A; L selection

— matrix

homogeneous environment
N spatial
. missing data channels i-th complete i-th observed

data snapshot data snapshot
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Structured Covariance Matrix Estimation with Missing-Data via EM [2/5]

PROBLEM FORMULATION

The constrained maximum likelihood (ML) estimate of the covariance matrix can be
formulated as

M(6) = argmax £,(M(0) | Y, A, ..., Ag)
M(0)€eC
with
Ly(M(B) | Y,Aq,...,Ax) the observed data log-likelihood

C the covariance matrix uncertainty set
Y ={y4, ..., Yr} the observed data set
0 € RV the vector of the unknown parameters defining the underlining structure of M.
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Structured Covariance Matrix Estimation with Missing-Data via EM [3/5]

EXPECTATION MAXIMIZATION-BASED ESTIMATION PROCEDURE

Repeat until convergence

Q(0,0""~Y) = — K[N In(r) + In(det(M (0)))
+tr{M ()1,

Solutions to the M-step devised in closed-form

M-STEP

0") = argmax Q(0,0(h_l)).
6:M (8)eC

under the assumption of M belonging to a specific
covariance matrix uncertainty set.
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Structured Covariance Matrix Estimation with Missing-Data via EM [4/5]

EXPERIMENTAL ANALYSIS

Data collected in an anechoic chamber using:

(] four-channels SDR coherent receiver

(J SDR transmitters to emulate the presence of
unknown emitters

d a Personal Computer to perform digital signal
processing operations;

O a Uniform Linear Array composed of four dipole
antennas separated by 1/2

Missing data scenario emulated assuming probability
of missing an observation p,,, = 0.3
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Structured Covariance Matrix Estimation with Missing-Data via EM [5/5]

Adaptive Beamforming Detection of sources number
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Adaptive Radar Detection in the Presence of Missing-Data [1/3]

TARGET DETECTION PROBLEM FORMULATION

ideal case (no missing-data) missing-data case
( ‘r=n ( (2= An
H() R . HO . 4 .
\T’i:’ni, 7’:17"'7K zi = A;r; Zi:Ai’ni, 7,:1,...,K
1 $
H.<T’:Oép_|_n i <z:aAp_|_An
1 - . 1 - _
\ \r’[,:nz) Z:1,...,K L \Z’I,:A’I,n’ld Z:]_’._.,K
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Adaptive Radar Detection in the Presence of Missing-Data [2/3]

Hy: estimation of M () imssssssssl) Computed by means of the previous EM estimation algorithm

H; : estimation of M (#)and « EM-based

algorithm

E-step

Q (a, 9)a"=D 9D — (K 1+ 1) [N In(r) + In(det (M (6)))]

)

~tr { M(0) (") — ap)(u" ™) — ap)t + £OY)]

M-step

(a<h>, g(h)) _ a,%f%%}écﬂ (a, 91, g(h—l))

Devised in closed-form for

some specific covariance h

matrix uncertainty set

16



Adaptive Radar Detection in the Presence of Missing-Data [3/3]
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Single-Snapshot Angle and Incremental Range

Estimation for FDA-MIMO Radar




Single-Snapshot Angle and Incremental Range Estimation for FDA-MIMO Radar [1/4]

Phased array
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Single-Snapshot Angle and Incremental Range Estimation for FDA-MIMO Radar [2/4]

range-angle-dependent ' '
g g P | ' Estimate tfarget range and angle using a
beampattern single data snapshot!

e—j27rf0t
e—jZﬂfot
e—j27rfot
& 4 . » j;N,l(t*’at)
| [=— - alr)
- :h,(t) 1.(' D - ' }.,Nj(t"al)
—re il t"=1,+Ar received signal
PR :-hl(?;hih l) E — > Fuu(t'6) g
G -1 hz:f.. - = —
() Pm——— 7,(".0)) < = 6ls(u, (5) +MN
W) T > 3,(.6)
O —>5.(r.0)
t'=7,+Ar ’
- w0 L—/Tbym(t 6, j Target
~N incremental
Signal pre-processing Target DOA range
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Single-Snapshot Angle and Incremental Range Estimation for FDA-MIMO Radar [3/4]

Compute the ML estimate of u and o

Solve st (u,6) Q12|
ImMax

we[-1,1],6e[~ A1 Ay 8T (u,0) @~ 1s (u, )

1. CD-based method
Adaptive Monopulse Procedure
3. Adaptive Generalized Monopulse Procedure with

Complex Correction

N
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Single-Snapshot Angle and Incremental Range Estimation for FDA-MIMO Radar [4/4]

4 Tx and 10 Rx antennas, B = 1 MHz,Af = 0.5 MHz
2 narrow-band jammers with JNR =30 dB

RMSE - angle (u) estimatie= RMSE - incr. range (6) estimation
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Thanks for the kind attention!




