21

211

212

4 2
(Moving Observer)
1
( Trajectory of Alrplane )
(Triangulation )
(Muttiple Fixed Ohserver)
( Triangulation )

Direction of Arival: DOA

( Line of Bearing: LOB)
DOA



(Bearing Angle Measurements) ’
Triangular*
21

SOURCE

DF#1 DF # 2 DF # 3

21 (Triangulation)

Array Signal Processing
(Digital Signal Processing: DSP)
aray



2.2
291 (High Directivity) []
(Directivity)
(Dipole)

(Folded Dipole) (Yagi Antenna)
(High Directivity)

222 ADCOCK / WATSON-WATT [ ][ ]
ADCOCK WATSON-WATT

(radiiation pattern) (¢y plane)
8

Dipole 2 8

360
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ADCOCK/ WATSON-WATT
2 (Reference Antenng) 1
ADCOCK/ WATSON-WATT
2 X y 8
1
X y (Cathode Ray
Tube: CRT)
(qoniometer) (pick-up coil)
360
ADCOCK / WATSON-WATT
ADCOCK/goniometer
HF

223 Pseudo-Doppler Effect [5][0]

Pseudo-Doppler Effect
(Doppler Effect)



Pseudo-Doppler Effect
(Radio Frequency: RF)

(Doppler Effect) (Doppler
Shift)
23
231 (Interferometer) [],/6]7]
(Interferometer)
(phase difference) 2
[
(Cross Correlation) (time domain)
{ (Fast Fourier Transform: FFT) (frequency
domal )

22 Phase Array [5],[6],[8]

Phase Aray
(Interferometer) 2
(Antenna Array)

(High Directivity) 1~ ADCOCK / WATSON-WATT
Pseudo-Doppler  Effect



Phase Array

(Beamformer Method)

(Hilbert Transforms Method)

(Interferometer)

(Linear Prediiction Method)
Phase Aray



24

(Direction Finder) (ensor)
(dlirection finder antenna)
(Uniform Lingar Array: ULA)

(sampling)
snapshot N
241 ( Signal Model ) [L0]
& —d—e [ [+] ... SeNsor array ... ® (]
1 2 3 4 m-1
22 (Uniform Linear Array)



Anay Signal Processing

m(t)

8

242

(wavefront)

e

0. 50+¢4(0

y2(0 — ym(f)y

S i(t)=ai(t)cos(°J +m

(cosine form)

14

(statistical independent )

(2.1

t

(22)

(Sinusoid Signal Modl) [10]

(planewave)
(narrow  band)

(2.3)

(complex fomm)
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X, (t) = af(t)e (2.4)
'=VH)
(narrow hand)
(25) [
cirtn(0) < 06 s s (25)
rm((9) m
(25) ]
t (26)

0= >|(*+*«(0/)+**(0

L
0, i 22
(noise) spatial uncorrelated complex
white noise
ol IE
f{«’<°<<°}:{o otherwise @
(J8 (variance)

(Sinusoid Signal Source)
(Space) (time)
Aray
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25
25.1 (Delay Time Estimation Method) [5]
(Interferometer) (phase difference)
2
(Cross correlation Function)
(Time Domain) (28)
C{t)="E*{t)x2{t + 1) (28)
c(r) (Crosscorrelation Function)
T (delay time)
JCl(V) 1 t
X 2r) 2t
t (time Index)
N snapshot
1 2
c(r)
y X c(r)
()
(28)
1 ()
(29)
6 =sin ‘(fi] (2.9)
2rnd
0
0
X
d 2
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25.2 1 | (Beamformer Method) [10]
(Beamformer
Method)
delay-sum beamformer (210)
VE w2 _| 7 p
PBF(6)=_A7§ Id- Z(t)l =|4 Rd (2'10)
PBHO)
R spatial correlation matrix
H (complex conjugate transpose
matrix)
A L l N Ho l 4
R_Ngz(t)l(t) FediT (211)
y(t) snapshot t
Y snapshot
M *(1) A2 - (212)

d, d(e normalized steering vector

d.d{e)=A=[ 1 JOIeT30) "0y (213)
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Tm(o) m |
(214)

11
>
>

m(d)="—" - sm(0) (2.14)

(Fast Fourier
Transform: FFT) (10) (215)

Y (6,1) Q snapshot

( peak location )
Penodogram
(Spectrum Analysis)
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253 (Linear Prediction Method ) [10]
Autoregressive
Modeling : AR (time
series analysis) (Spectral Estimation)
x(n):n-01,.V
X() X{ ) 1]
K ):“E_lakx( k) (216)
ak (Linear Prediction Coefficient)
k=123,..pP
e(n) = x{n) - x(n) (217)
e(n) (prediction error)
phip))
Z (Z transform) [10] (216) (217)
(218)
x(z) + '£akx(z)z~k= | (2.18)
x(e) = 'II'p'l """"" = _d*(a-_;-)-é (219)

dap=f " 0. *}
a =1 ax a2 .. ap|T

P



(219)
(220)

PLP(CD):'x((o)'z:

o d(w)

QD
I o

Mmatrix)
(220 )

Method 1Covariance Method )

Algorittm ~ Levinson Algorithm |
|
(Space series) 21
21
(Space series)
Time Series
Time (Sec)

Sampling Interval (sec)

Frequency (cycle/sec)

d” (@)al?

20

1 (2.20)

frequency - scanning vector

(complex conjugate transpose

Autocorrelation
Burg
(time series) snapshot
(time series) snapshot

Antenna Aray
(Space Series)

Distance (m)
Distance between sensor (m)

Wavenumber (cyclem)
(contains DOA information)



«m* r
« 21

21 (time series) " " ' 1
snapshot (Space series)

Wavenumber (cycle/m)
(peak location)

(10]
(220)
P,= 1 ) (221)
dH(0) a
steering vector

(complex conjugate transpose

matrix)
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2531 Levinson Algorithm [2],[L1]

x(n) (complex data)
(Autocorrelation function estimate; ACF) ~ Blackman-Tukey Spectral Estimation [Z]
(222)

b ()= TT ¥ .x* { x{n+k) for k=0X— N -I (222)
for
Levinson Algorithm { 10,953 (a2(l),a2(2),p 2}
(I):ap (2),...ap (p).pp)
k-1
— =
al(l)—‘m
A= (i-[« W [2K*(°)
k=23,..P

r« W +1Z1aJt-i ®ik ~ 1)
OkM =- m

ak0 )=ak-10+ak (*- 0 *=12

Pk = [i-1aM \2)pk-\

{ (hap(2)..<L(p)Pp}
Levinson Algorithm



Estimate Autocorrelation Function

1 N-l-k
) — Y x*(n)x(n+k) fork=01,..,N-1
=17 &

Fe for k=—~(N-1)-(N-2),.. o1

l

INITIALIZE RECURSION
al(l) =T (l)/rxx(o)

pr=(1-|a @) )r,. 0)

LET ORDER BE k=2

>
4

LEVINSON RECURSION

0% 3 s (- 1)

Increase a; (k) AL I=1
Pk-1
order by 1 :
a (i) = a4 () +a k) (k-1) i=12,...,k-1
Pk =(1 —|ak (k)|2 )Pk-l
Y
Calculate DOA Spectrum
1
< () e me—r
4" 0)a[
23 Levinson recursion algorithm !
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2532 Burg Algorithm [2],[11]

x(n) j 1 (complex data)
Burg Algorithm

! (°):'|'7 (2.23)
BOW = x() =01..n -1

- 2ZCIMEjt-1("-1)*

T n=k
ki = N-1

Z[l é,{_l(n)'2+|é£_l(n-1)|2}

n=k
Pi = (1 = I’zk |2 )ﬁk—x

e — GWW +Mi-ifr-o o1+ =12,.0-1
0= lor 7=A

ek (W=H-IM+M*1(«-0 fl=k+lk +2,
¢ M =ek-\(«-1) +xref-i M =**+] . W-2

{,(1).ai(2)...)ep(p).p;7}
Burg Algorithm !



Initialization
N-1

Foc(0) = 2 el

n=0

¢l =x(n) n=12,...,N-1
¢t =x(n) n=01,..,N-2

Increase

order by 1

A

Compute Reflection Coefficient

W . . ]
-2>¢] (n)éeg (n-1)

]‘C\ - n=k
N 2 . 2
ZTI ekf_1 (nﬂ +|e,':_l(n—d ]
n=k
~ ® 2 ~
Pr =(1— kkl )pk—l
oo e+ kaiy(k=1) for i=12,.. k-1
ak(l);_{‘k 1)+ kpag (k-1) 7 |
ky Jor i=k

l

Update Prediction Errors
ef (n)=é/ (n)+kpéf_(n-1) n=k+1k+ 2N -1
ep(n)=ép_(n-1)+kel ,(n) n=kk+1,.,N-2

24

\ 4
Calculate DOA Spectrum

Prp (9)=—1—2
|a” (6)a]

Burg Algorithm 1

25



254 (Hilbert Transform Method)) [13]

(Hilbert Transform Method)

Analysis) (Analytic Signal: y/(t))
yI(t) = u(t) + jvif)

" QBT

P principal value
(Analytic Signal: y/{t))
(Instantaneous Amplitude; Ait))
(Instantaneous Phase: (pfi)) rectangular( ,v)
(A, (9) (225)

yl(8) = uft)+jv(t) = A(t)eiqh)

A(t) (pit)
(226)  (227)

A(t) =™ 2(t)+v2ft)
» )=tan" § )
(2260)  (227) A(t) (pif)

(Instantaneous Frequency: Fit))
(time derivative) (228)

- Cl()- 20F{Y)

2%

A

(Time Series

(224)

ipif)

(224>

polar

(25)

(226)
(227)

(228)



2

£I(?) (Instantaneous Angular Frequency)
(227)  (228)

0(1) -~ tan-1 Zg g . ”(228112’()3(’ ) (229)

(229) local [14]

(Spectral ~ Estimation)

(complex data)
(red signal)
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