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ABSTRACT

T he objects of active sonar are to detect targets and further to acquire their
information such as target specification, dimension, motion and state, after
processing their echoes. Especially, classification and discrimination of target
using active sonar need to utilize the advanced analysis of target echo features.

Specular reflection and scattering from surface irregularities and inner
structures contribute to the target echoes. Since contributors of echoes vary
with the target kind and target aspect angle, they consititute basic features of
the target signal. Feature parameters of the experimental target signal were
extracted in three ways which are the envelope in time domain, the time
separation pitch in frequency domain, and the short time Fourier transform in
time- frequency domain. The extracted features were applied to the pattern
recognition techniques to classify and discriminate target.

Classifying and discriminating similarly shaped targets of which dominant
component of the echo is specular reflection result in poor assortment and
identification. However, the results show better performance when the effect of

inner structures appears in target echoes at the specific aspect angle.
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Glossary

EL Echo Level

dy Euclidean distance

E, Input pattern

E;(k) Reference pattern

Xa(t) Analytic signal of x(t)
u(f) Frequency domain unit step function
X (t) Hilbert transform of x(t)
TSP Time Separation Pitch
LPC Linear Predictive Coding
PARCOR Partial Corelation

Sg(f) Real part of S(f)

S, (f) Imaginary part of S(f)
HL Highlight

TSR Time Separation Rate

Vaij Frequency interval

fgq Sampling frequency

A Range resolution

ts Time Separation

tS max Maximum Time Separation
Ats Time Separation interval
SNR Signal to Noise Ratio
SPEC,(t,f) Spectromgram of the x(t)
h(u- t) Hanning window

I Discrimination index
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HP 33120A (gate)
(Power Amplifier)

(Source Level)

(transmitter)

(receiver)
mono- static
(Measuring Amplifier) A/D
(data recorder)
Table 2.1 Transmitted pulses used at the experiment
T one Burst 36 s 420kHz . 1 (Pulsel)
Tone Burst 1.5ms 420kHz : 2 (Pulse2)
Linear FM 1.0ms 420kHz 30kHz 3 (Pulse3)
Linear FM 1.5ms 420kHz 20kHz 4 (Pulsed)
Tone Burst LFM
420kHz . :
' T able
21
4
. Fig. 2.2 1 ,
2 (ring stiffener) , 3

(conning tower) ,
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(parameter)
(projector)
(4)
27 2 ‘k’ ,
« ) ‘a’
ka, k a ka
Rayleigh , (resonance) ,
(physical optics) , (geometric optics)
1 ka [14].
Rayleigh ka 1
Rayleigh
, ka 1
ka
, 1 ka hard- boundary
soft- boundary ‘creeping wave’
ka 10
(specular
reflection) , [4]114].
ka
100 : (edge)
(corner)
420kHz
0.25m, 1.5m ka 400



(shadow boundary)

circumferential wave,

circumferential Lamb wave [1].

(aspect angle)

, [18].

(sphere)

(stationary condition)

(bow)

(hanging ring)

, (ballast tank)

(highlight)



3.2

a. Tanger 1
- F:ru-?ﬂ-'.: ) )
}—. '... *.
& Tamst 3
AH "
4
CSCT Z Z Z
N
4+.. - b
L] [ -I|r|\q S 5.3 2 .
(a) Transmitted pulse : Pulsel (b) Transmitted pulse : Pulse4
Fig. 3.1 Comparison of the each target signal
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(a) Transmitted pulse : Pulse 1 (b) Transmitted pulse : Pulse 3

Fig. 3.5 Echo level of the target 3

e

(a) Transmitted pulse : Pulse 1 (b) Transmitted pulse : Pulse 3

Fig. 3.6 Echo level of the target 4
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Feature region
Several Pre- Feature - Reference | | peference
Pattern Input [ processing extraction [ Grouping Gepr?et:aetri%n Pattern
Fig. 4.1 Classifying procedure of the target signal pattern
, (seismic wave) (concert pattern)
, , (abstract
pattern) . ,
, (class)
(category)
(decision rule) [20].
Fig. 4.1

A/D ,

(normalization)
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(clustering)

(reference data)

[10][20].
Pattern matching
Reference
Unknown Pre- Feature Pattern Pattern
Pattern > '™t ™ processing ] extraction | comare Recognition
Input Pattern
Fig. 4.2 Pattern recognition procedure
, (test data) ,
, Fig. 4.2
(pattern matching)
(similarity measure)
(Euclidean
distance), (inner product distance), (maximum likelihood
ration) ;
Ei ’ Ei (k ) ’
i= 1,2 -, N (4.1 [10][16].
N 2
di = wzl[Ei- Ei(k)] (4.1)
k ] dk
[10].
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4.2

(matching)

T able 4.1 Feature Parameter of speech and sonar signal

Feature Parameter

Speech Signal

Active Sonar Signal

= Correlation CoelTicient
« Cepstrum

« LPC

« PARCOR

+ Highlight
+ TSP
« Spectrogram Coefficient
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(pitch)
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5.1
3
1, 2 3
(45° 65° )
( )
(reflection ratio),” (elongation),’
FFT
(envelope)
(Hilbert) “ (real)”
(complex) , “ (analytic)”
(imaginary part)
[10].
x(t)

[10][19].
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x(t) < X (f)

analytic signal = x,(t) < 2u(f)X (f) (5.1.1)
u(f) (unit step function)
X (t) (5.1.1)
, Xa(t)
(5.1.1)
1
S(t)- W] - 2u(f)
x(t) < X (f) (5.1.2)
xa(t) = x()*[o()- T
x(t) x(t)
(5.1.2)
X (t) = x(t)+ —%f_i%—z—%dz‘ (5.1.3)
X4 (1) , (5.13)  x(t)
(5.1.3) x(t) (Hilbert
transform) , (5.1.9)
L(ty= & [T x() g, (5.1.4)

7Z'J-oot' T

(5.1.5)

- 18 -



x(t) = _71r Jf_ OOT(-TZ)_-dz' (5.1.5)

Cox(t)  x(t) (pair) . ,
(5.1.6)
Xa(t) = x(t)+ jX(t) (5.1.6)
(exponential) . (5.17)
Xa(t) = [xa(t)[exp [j ()] (517)
xa()] = VxXP(t)+ X (1) (5.18)
(5.1.8) (envelope function)
(peak)

*
L
; - a‘m _
—_— i e o, S, N | 1 i /"u\_ A
—---LX{I‘:’:W ::-; gl T, TV '\-\_:_ _*;1‘\.-

Fig. 5.1.1 Peak detection of highlights using envelope of the target signal

(matched filter)
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Fig. 5.1.2 The envelope of the target signal due to pulse 1 (aspect angle : 10° )
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a Targel 3 b Targei 4
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Fig. 5.1.3 T he target signal due to pulse 3 (aspect angle : 180° )

m Tmget 3

Fig. 5.1.4 T he impulse response of the target signal

Fig. 5.15 1 4
, Fig. 5.1.6 3
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Fig. 5.1.5 Feature parameters of the target 4 using envelope (pulse 1)

Fig. 5.1.6 Feature parameters of the target 4 using envelope (pulse 3)
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T YT Hz TSP
(pitch) (tonal)
. TSP ,
periodicity pitch, infra- pitch echo [10].
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Fig. 521 TSP of the signal with two highlights
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(5.2.2)

s (t) = s(t)+ as(t- T)

s(t)

Fs,(t)] =

a

(5

S«(f) =

exponential

S(f)

S.(f)= [Sa(f)+jS,(f)][1+ acos(2xfT )- jasin(2zfT)]

Se(f)  S(f)

S,(f)= Sgr(f)[1+ acos(2xfT )]+ S,(f)asin(2xfT)

+i{S,(f)[1+ acos(2xfT)]- Sk (f)asin(2zfT)}

IF[s(t)+ as(t- T)] | = V 1+ a’+ 2acos(2xT )|S(f)]

$.(f)= tan

.1 S(f)[1+ acos(2a4fT )]- Sg(f)asin(2afT)

21) s, (t)

S(f) + ae 27T g(f)

. Si(f)  S(f)

. s(t)

SA(f)[1+ acos(24T )]+ S ,(f)asin(24T)

(5.2.5)

(peaks)

cos (27fT)

cos (2xfT)= 1

- 24 -
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(5.2.2)

S(f)

(5.2.3)

(5.2.4)

(5.2.5)

(5.2.6)



f= (n- )3+

n= 1,2 3 - (5.2.7)
(troughs) cos (2AfT)=- 1
f J—M‘ZT 1 n= 1 2 3 (5.2.8)
Fig. 522, 523 524 1, 2, 3
139 us
, TSP 7.2kHz . 1
7.2kHz TSP , 2 1
TSP
3
1 TSP
0
o1
E g =20
£ o S —| [
= i 7.2kiz
1300 ——.-= E .ai
z
i 0wl 05 02 o ]

o {ma)

Fig. 5.2.2 Target signal and
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Fig. 5.2.4 Target signal and its spectrum (pulse 3)
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3,
o 64 08 12 16
timee {ma}
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1
% i
£
-1
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TSP
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(oscillation) , TSP . TSP

’ : TSP
TSP
Af FFT N
Af = s 5.2.9
(side lobe) , FFT
(time separation)” . FFT
(5.2.9 Af
(5.2.10) TSR (Time Separation Rate)
(interval) (5.2.11)
_ 1 _ N

TSR= —¢ = f (5.2.10)

ds= TSR (5.2.11)

N' FFT . Ats

Ar Ats c (5.2.12)
Ar = Cg’ts (5.2.12)
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Ar 2cm
Ats (5.2.13)

ts= (0, 1,2 -+, N'- 1)xAts

TSR

TSR = fﬁ > 2tSmax

S

Fig. 525 Fig. 5.2.6
0 TSP
Fig. 525

0.859ms, 1.756ms, 0.399ms, 1.296ms, 0.897ms 6

SNR
5 TSP

(5.2.13)
(tSmax) 2
(5.2.14)
1 3 4

0.086ms, 0.546ms, 0.945ms, 1.842ms

.4
0.460ms,
Fig. 5.2.6
TSP

. Fig. 525

0.460ms, 0.860ms, 1.755ms, 1.305ms

Table 5.1 Time separation between each highlight

HL HL1 HL2 HL3 HL4
0.086ms 0.546ms 0.945ms 1.842ms
0.086 © . 0.46ms 0.859ms 1.756ms
0.546 . 0.399ms 1.296ms
0.945 o . 0.897ms
1842 o .
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Fig. 5.2.7 1 3 TSP

Fig. 528 529 1, 3
4 TSP
TSP (bin) ,

—!—-
-
-

| L] I - T H
T | T i |

e ® W T el e S R 1. I A e Al D

- d 1 ia 1=
Separation Tersias) Separation Tersias)

Fig. 5.2.5 Target 4 signal and extracted Fig. 5.2.6 Target 4 signal and extracted

TSP due to pulse 1 (0° ) TSP due to pulse 3 (0° )
180
1 | bt
o7 ; 140
. 120
20 i ——— 100
40 : g ) g0 Aspeal
B0 80 angleideg)
Time Separation 80
Bin Mumber 100 % 40
- 20
120 0

Fig. 5.2.7 Extracted feature parameters from the target 3 using TSP : pulse 1
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Fig. 5.2.8 Extracted feature parameters from the target 4 using TSP : pulse 1

Fig. 5.2.9 Extracted feature parameters from the target 4 using TSP : pulse 3
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(transient signal)

LFM
[8][15]. - STFT(Short Time Fourier Transform),
Wigner- Ville Distribution, Rihaczek Distribution wavelet transform
, (hanning) STFT
- . (5.3.1)
r+oo ) 2
SPEC,(t,f) = || _ x(u)h(u- tye 1#qgy (5.3.1)
x(u)h (u- t) h
Fig. 53.1 4
2
[10].
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Fig. 5.3.1 Spectrogram of the target 4 signal due to pulse 3
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6.1
(6.1.2)
de(i) for dg(l) <dg(2) <--<dg(N), i=123 N (6.1.2)
de(N)= 1, 1 .4
de (i)
(discrimination index) |4 de (i) 9 (6.1.2)
9 .
| 25, [de i)~ de(1)]
lg= — 8 . (6.1.2)
Id )
de (1) . lq
Table. 6.1.1, 6.1.2, 6.1.3 6.14 1, 2 3, 4
5 (14)
1 55 , 2 50 , 3 50 130 ,
45 100 1 90 ,
2 80 , 3 80 9% 4 60 180
, 1 90 2 9 , 3 9% , 1
Q0 , 2 8 3 85
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Table 6.1.1 Similar patterns of the target 1
using time domain feature parameter

1st 2nd 3rd 4th 5th | 1st 2nd 3rd 4th 5th |

class | class | class | class | class d class | class | class | class | class d
° et e ? et gl g 0051] 50° | et g | gsr 2| or 2| g0 o | 0146
5 et ¢ % oot g 2 et 007 55 | et e ? e M| e 2 mor 2| 0234
100 | 100t 5 2 1% o 2] s 20070 | 60° | o M| oo Tl gse S| g L gse 2| 0075
15° | 1e | 5 2| 1002 1 T g00 0] 0092 | 65° | e b s 2| ooe L] o0 2| e | 0133
20° | oo bl oge 2] o5 | oo 2| oo 0| 0240 [ 70° | 50 M| 70e 2| 700 2| goe 2| e - | 0103
25° || oo | oge 2] s | ope b o 0| 0083 [ 75° | gt 500 3] 200t gme 2| e -] 0067
30° | a0r | a0r | o5 T o 2| g0 | 0093 ] 80° | g M| aoe | aor 2| ooe - | g0 | 0045
35° | ase bl st a5 2] a0t s | 0105 | 85° | g | as T 00 | gme 2| gpe - | 0045
4° | 400t ase? e Sl s | g 2 0129 90° | o 2| oo | oo - | gse 2| gme - | 0039
45° | 4ee M| 750> ase 2| aoe | oo 2| 0084

Table 6.1.2 Similar patterns of the target 2
using time domain feature parameter

1st 2nd 3rd 4th 5th | 1st 2nd 3rd 4th 5th |

class | class | class | class | class d class | class | class | class | class d
° et e ? ot el op? 0043] 50° | 5o ?| 70| 7o T | sse 2| moe - | 0225
5 | 100 2] 5 2| 10 t| o0 | 5 0| 0050 | 55° | g gt gme | g b | gge 2| 0.000
10° | 0% 5% 10| oo 0| 5 | 008 60° | oot t| st o0 | oo | 0047
15° |y ?l 15 10 s 0| o 0| 0156 | 65 | 65| g5 | oo ! | eor | o | 0113
20° | o0 2| sor tl o5 T o 2| e 0| 0244 70° | 500 2] 7003 g | goe L | oo | 0.063
25° | oee 2| ose M| s o] et a0e 2] 0181 | 75° | s 2| e | goe L] oge o | or 2| 0093
30° | 500 ap | g5 b oe 2| ose | 0267 [ 80° | 7m0 o | gme 2| goe 2| o o 100 2| 0029
35° | a5 2| a5r | 35 T | s - | 70r 2| 0109 85° | gee ?| gor T gse L gme | goe o | 0.030
4° | 400 %l ae t a2l as | age 21 0180 90° | o0 % o | ap | gse 2| gme | 0035
45 | 4eo %l gt 7e 2] g 3| g 0| 0063
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Table 6.1.3 Similar patterns of the target 3
using time domain feature parameter

1st 2nd 3rd 4th 5th | 1st 2nd 3rd 4th 5th |

class | class | class | class | class d class | class | class | class | class d
0° | o 3l a5 | 100 2] 10r H| 5 2] 0038 95° | gt gm | gme s | gge | gge 2| 0013
5 | 10% 10t 5 T s 2| s 0| 0123 [100° | 100 | g | g0 2 gy | 7se - | 0220
10 0% 0t et 5 7] s 2 0170105° |1’ i | ap | s mor | O
15 | 162 1000 5 2 a0t e T 0086 |120° |3 e P o | e | e | 0257
20° | p0 | 1 2| 1 Y] ot ams | 0292 |105° |3 8 et e e | 0229
P T T L ol PP e e e P L
30° | a0 3| 2o | om O] om b s | 0062 |125° | | e Y| e | e | 7ge | 0238
35 | a5’ e aw | a | w019 [130° |10 oo " sy | 10w | s | 0488
40° | 4o 3| e | a0 3] 70e 2] o 1] 0045 |135° | el el e S| g | age | 0228
45 | 452 g5t om | am 2| ase b 0201|2400 |0 3P Y | e | 0304
50° | spr > | 00 2| 75 1| 755 2| eo0 | 0275 |145° | 1ae®| s | gse | sge | ame | 0273
55" | 55 | s | s | as | e | 02091507 | 1n®l o] 07| s g | 01T
60° | oo ®| 700" wor | a0 | s | 0089|155 | 1oe®| e ?| e | e | e | 0150
65" | oo | o | o | a0 | a0 2| 0252|1607 | 1i” | i pe | e aser | 027
0 0% 0t wo? a0 | a0’ 0083|165 | 1e® 167 15| 00| & | 0120
75 | 75 7 e o 1| 012|170 |1 e | e | 1| ase | 02
I B e I ] P e B P P LT
85 | g5l a5t as 2l oo T os > 0022|180° | 100 % 0% g0 | s S| o | 002
90° | 00> g5 | oo T| g5 o | gse - | 0020
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Table 6.1.4 Similar patterns of the target 4
using time domain feature parameter

1st 2nd 3rd 4th 5th | 1st 2nd 3rd 4th 5th |

class | class | class | class | class d class | class | class | class | class d
° ol st st e e 0443] 95° | et gt ese t| s 2| age S| 0256
5 | o s 6002l oo T 700 2] 0298 |100° | ot e | st ser | 1s0e | 0642
100 | 100t et st et 7ot 0320|1050 | e 0t s D g | o0 | 0613
15° | 15t 10 * a0t | 5 e 0402|100 |0t ot 0P ] g | 0800
20° | po 4l 1ms? 1500t | os 4 1ot 0810 |105° |t e e D e | e | 0317
25" | oo | a5t 150t | 6 S| aoe ] 0391 120° | oot e | se | 1see | s | 0600
30° | a0t ] 350 | a0t | 10 | 1150 | 0508|125 | et e 10 | o | ggse | 0584
35° | a0 | ag ¥ 140t | 1050 | 115 | 0368 |130° | 10| e 0| mpr | 7e | 7ge | 0485
40° | 4o 1ase® | 35 | 105t | o t] 04981350 | ot e Y ios | ase | e | 0618
45 | 4o | 1ose® | 1103 1000 1000t 0636 |140° | ot e Yl ase T sos | g | 0573
50° | 5o * 10| o 4] 105° | a0t 0526 |145° | et | et oo | e | gge | 0591
55" | s s | 75 a0 | 70| 0587|1507 et e e’ e | e | 048
I B e e e e P L
65° | g5 4 10° 3 11004 60° 4 15° 3| 0414 | 160° 16004 10° N 16504 17004 15° o3
70° | 700 1050t | 15 2] 100 | 10r 2| 0461 |165° | 1ot | 1o | oo | 1o | 100 | 0272
75 | ge a0 | 2 | o 03 [170° | o et e s | | 028
o I I B D P B P P
85 | o5 *| g5 a5’ a0 | e | 0135|1807 |ign®| 0% 0| oo | asor | 0087
90° | o0’ a0’ a5 | o || s | 042
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Table 6.1.5 12 3

. Reference data

20 Test data reference data

0° 90°
(specular reflection)
50

(corner reflection) (45° , 60° )

Table 6.1.5 The results of classification of similarly shaped targets
using time domain feature parameter

Reference Data

1 2 3

0° | 15° |45° |60° |90° | O° |15° |45° |60° |[90° | O° |15° |45° |60° |90°

0° |60 20 20

15° 100

45° 80 20

1|60° 100

90° 30 70

0° 60 40

-~ n o -

15° 40 60

45° 100

d| 2|60° 80 20

90° 50 50

0° |20 5 55 20

15° 40 60

al (4 100

3|60° 100

90° 40 60




Table 6.1.6 4
. Reference data LFM 1.0ms 6
, test
CW short (6 ) LFM 1.0ms (6 ) 12
(SNR) 0° 45°

Table 6.1.6 The results of aspect angle classification of target 4
using time domain feature parameter

Reference Data

0° 15° | 30° |45° | 60° | 75° |90° |105° |120° |135° |150° |165° |180°

0° 40 50 10

15° | 10 40 50

30° || 10 90

45° 50 25 25

60° 100

-~ n o -

75° 20 80

90° 20 80

D |105° 100

a |120° 100

135° 10 80 10

a | 150° 100

165° 100

180° 100

data
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6.2
6.2.1 TSP

Table. 6.21, 622, 623 624 TSP ,

1, 2 3 4 5
1 50 , 2
40 60 3 55 140 4 45 130 . Fig.
6.2.1 , 1 90 |, 2 80
3 8 180 4 85 95
[0 Targetl |
- o Targez |
i
!
§o
H

=
pe -
I f

Discrmirstian ndex
(=]
o

Aspect anglejdeg) 180

Fig. 6.2.1 The discrimination index due to frequency domain feature parameter
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Table 6.2.1 Similar patterns of the target 1
using frequency domain feature parameter

1st 2nd 3rd 4th 5th | 1st 2nd 3rd 4th 5th |
class | class | class | class | class d class | class | class | class | class d
° | ol o2 e ort 5 2 022850° | g0t gor | 500 2| 700 | age | 0480
5 | el 03 5% 2 ot 02455 | gt gt gse | oo t| ae 2| 0400
10° | 100t 5 2 10l o 2] s T 0277 [60° | woe o | o | e | e 2| 0395
15° | ot 150 2] 150 0| 100 2| 100 | 0308 [ 65° | gse b | eme 2| gz | go - | 700 1| 0355
20° | o0t o0 2l o5 S g5 T g 2] 0336 [ 70° | s0e M| 70 | s 2| gr | 6se ¢ | 0388
25° || omo b pse 2| e 2| g 2| o 2] 0336 | 75° | oot st e 3| g t| 7 1| 0391
30° | e b age S| 300 2| 3 2| o 2| 0377 | 80° | goot | o S| s | 7 2| 7se | 0387
35 | a5 *| age 2| 350 0| 4z T| 300 2| 0381 |85° | goo | s | oo 2| gs0 2| gge o | 0181
4° | et a0 st a4 210396 [90° | oo | gpe 2| e | g5 | g 2| 0152
45° | gso bl g ?| ase | s b age t| 0405
Table 6.2.2 Similar patterns of the target 2
using frequency domain feature parameter
1st 2nd 3rd 4th 5th | 1st 2nd 3rd 4th 5th |
class | class | class | class | class d class | class | class | class | class d
° | el et ot e e 210220(50° |5 ?] et 3| st s t| 0432
5 | g2 10l 10| g o] g 00184 55° | g ?] et e ?| g0 | sse | 0387
100 | 402 10| 5 2| 5 0| o0 | 0240 60° | o0 %] gpr | 6o | e | mor | 0443
15° | 160 2| 150t g0 b ose t| 10 2] 0308 | 65° | s 2| g | gme | ape 2| gor | 0380
20° | o0 2] o ] g ] s ] s T 0340 70° | 2002 22 o S| o | 7e | 0305
25° | oso 2| oo 2| g b e 2| ape 2] 0357 | 75° | 7ee | eS| me t| 00 2| goe | 0275
30° | 502 35 2] a0 | 6o T | s o 0374 80° | gor? | 6o 2| st | s t| 7e *| 063
35° | 3502 35 | 35 | a0r 2| g5 - 0354 85° | g ?| gt g0 | oor | gse | 0189
40° | 402 a0t s 3| ase t| a5 0104621 90° | 00 % | g Tl g L] oor S| e 2| 0187
45° | 45 2| a5t g | 75 2| goe 2| 0438




Table 6.2.3 Similar patterns of the target 3
using frequency domain feature parameter

1st 2nd 3rd 4th 5th | 1st 2nd 3rd 4th 5th |

class | class | class | class | class d class | class | class | class | class d
0 | o et 5 0% 10 025] 95 | o5 g gor | or | s | 042
5 | o102 5 2] 1 azso| 0291|1000 |10 ®] e s ¥ et g | 0384
10° | 102 5 2 es a0t | 17s° | 0328 [105° | 10| 40t e O o | qase | 0366
15° | 162 1s b 10| 15 2| pe 0| 0264 [110° | 1100 e D] e | 7o | goe | 0338
20° | op %] oo e | oo 2| 1se 2] 0318[115° | et e | e | 0338
25" | 52| s 2l o b 7s t 1aer ] 0383|1200 | ool el o s | see | 0320
30° | 3p0 3 30° ! 350 3 30° 2 259 3| 0344 |125° 12503 10503 65° ! 70° ! 550 3| 0457
35° | a5l s am 2| as | e 0| 0377 |130° | 1o e s qe | pge | 0351
4° | 40wt e as e ] 030185 | 1 et g | e | o | 048
45 | g% 1503 70 4] 7e 4| ase b] 0449140 | 00| et ape | 1 | ge | 0458
50° | agr | 75 1| 70| 70 L] mpr 2| 0420 [145° | 1 ® ] ot e ape | g | 03%5
55° | o | 1ose0 | 7set | 110e | e 2| 0504 |150° | 1ol s ®l st age | g | 0409
60° | 60| eoe oo 2| 170 11| 0434 |155° | ®| e Pl et e | s | 0377
65° | 65| o2 ox L] e 2| 1o | 0377 |160° | 1P| et e g | e | 0329
10 |02 0t e sl oot 032 [165° |16’ 0| s e | o | 025
75 |75 0] 75 2| s 1| s | 0277 [170° | 10 | es | 1 | pge | e | 0300
80° | aor°| 70| a0 100 | sor 1| 030 [175° | B 0P e P et e | 02883
85° | g5 | gt 10" | oo -] 000 2| 0158 |180° | 1or®| e | o - | e | ope | 0182
90° | gge 3 85° 2 85° ! o0° ! 00° 2] 0475
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Table 6.2.4 Similar patterns of the target 4
using frequency domain feature parameter

1st 2nd 3rd 4th 5th | 1st 2nd 3rd 4th 5th |

class | class | class | class | class d class | class | class | class | class d
0° | o et mst] as | et 0411 95° | get| geed| gpe?| gse | geo 2| 0315
5 | ot 10t & 2 gt 1ot 0419 [100° | 0t e tlios? | g 0| g | 0318
10 | 10 * st | s ¢ 15t a0 034105 |t 10" e e | e | 0492
15 | 16| 10 * aes?| 20 f 1re ] 039 [110° | 110 10| | e | e | 0481
20 | 0! s 150t | 15 aeset | 030|115 |t 0 ® | g | e | 0398
25° | oot it ar 1000 7t 0476 (1200 | ot oo e oo | 10se | 0382
e B P P P e P P P P
35 | ot o 4 a0t art] a0t 04301300 |t o ? ) e Sl e | e | 0484
40° | 4t 05| 500 2| 7o 0| ase t] 0402 (1350 | Lt Lt Lt e | 0407
45 |5 s’ ot 20| a0t 099(140° | 0" st s | s spe | 0458
50° | oot | o5 | g 0| 700 | o t| 0484 [145° | et et ot g | 1ege | 0442
55 | g0 1i0et | 7 Y| oy ° | w0 0| 0405 [150° | ot ot e e D qage | 0400
60° | oo * 120" o002 100 | et 0422|155 | 1oe®| 0 160’ | w200 | 03T
65 | o5t 100’ 10 10" st 035 [160° |10t e’ iee” aes | s | 03
0 |20t 75?700 w00t 10| 0401 (165 |10 10 Y iy | g | 0350
75 | ge et 0t e et 032 (1700 |10 et e 0| s | 0208
80° | oo *| a0 | 750t e | e 2| 0408|175 | et 1 e |70 | asee | 0359
85 | gt o5 | oo’ m | aoe | 0390 [180° | o0 e 1s” 1eor | oor | 0208
90° | oo g5 | 05 | 60 T | 300 2| 0365
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Table 6.2.5

TSP

1

50

Table 6.25 The results of classification of similarly shaped targets

using frequency domain feature parameter

Reference Data

2

0°

15°

45°

60°

90°

0°

15°

45°

60°

90°

0°

15°

45°

60°

90°

-~ n o -

0°

75

20

15°

100

45°

100

60°

100

90°

15

0°

55

40

15°

60

45°

50

60°

10

80

20

90°

50

0°

100

15°

20

20

60

45°

100

60°

15

80

90°

20

30

50
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T able 6.2.6

75

12

test data

105

50

45

Table 6.2.6 The results of aspect angle classification of target 4

using frequency domain feature parameter

Reference Data

0° | 15° |30° |45° |60° |75° | 90° |105° |120° |135° |150° |165° |180°
0° | 100
. 80 5
30° | 45 55
€l 5 |55 |10 5 |20 5
S | 60° 80 20
t |7 50 | 5 |45
90° 100
105° 20 |40 | 40
120° 10 20 | 70
2 s 15 85
150° 100
a |165° 100
180° B |65
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6.3 =

Table. 6.3.1 - 4
5
reference data , 60 125
50 45 ,40 , 8 , 90 , 20 50 ,8 , 70 ,
75 , 95 4 , 45 , 8 , 100 , 100

8 ,9 ,40 , 90

o0&

[FL -

03 -

g2 - =

LS B -1

[1] Kl 4 t [ 120 120 140 16 (L]
Azpect angls (degi

Fig. 6.3.1 The discrimination index due to time- frequency domain feature parameter

Table 6.3.1 The results of aspect angle classification of target 4
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using time- frequency domain feature parameter

Aspect | 1st | 2nd | 3rd | 4th | 5th Aspect | 1st | 2nd | 3rd | 4th | 5th

angle(® )|class|class|class|class|class angle(® )|lclass|class|class|class|class
0 0° 5° 100 | 15° | O° 0.437 9%5 95° | 40° | 45° | 85° |100° | 0.181
5 5° 0° 10° | 15° |175° | 0.338 100 100° | 85° | 95° | 40° | 90° | 0.189
10 10° | 15° | 20° 5° 0° 0.278 105 105° |100° | 85° | 80° | 95° | 0.302
15 15° 10° 5° 0° 180° | 0.404 110 110° |120° | 80° 65° 70° 0.237
20 20° 10° |175° |170° | 15° 0.373 115 115° |120° |110° | 65° 55° 0.352
25 25° |135° | 30° 10° |155° | 0.500 120 120° |110° | 65° 70° |115° | 0.232
30 30° | 35° | 25° |10° | 20° | 0430 125 125° |130° | 55° |120° |115° | 0.386
35 35° | 30° | 40° |45° |55° | 0372 130 130° |125° | B5° |135° [140° | 0.3%4
40 40° | 45° | 95° | 85° |100° | 0.205 135 135° | 0° 5° 25° | 10° | 0.350
45 45° | 40° 95° | 85° |100° | 0.223 140 140° |145° |150° |130° | 70° 0.340
50 50° | 45° | 40° |85° |90° | 0.170 145 145° |140° |150° |155° | 70° | 0.324
55 55° [120° | 65° |130° | 50° 0.274 150 150° |155° |145° |140° |165° | 0.309
60 60° 55° |120° |135° |125° | 0.598 155 155° |150° |165° |160° |145° | 0.296
65 65° 70° |120° |110° | 50° 0.211 160 160° |165° |170° |155° |175° | 0.328
70 70° 75° 65° | 80° |110° | 0.217 165 165° |170° |160° |175° |180° | 0.284
75 75° 70° 50° | 80° |110° | 0.256 170 170° |175° |180° |165° |160° | 0.230
80 80° 90° |110° | 70° 50° 0.205 175 175° |170° |180° |165° |160° | 0.245
85 85° [100° | 90° | 80° | 95° | 0.192 180 180° |170° |175° |165° [160° | 0.265
90 90° |50° |80° |70° |75° | 0.179
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TSP FFT
FFT TSP
- STFT

(neural network)
[1][13].
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"Man is not made for defeat." "A. man can be destroyed but not
def eated.” 'The Old Man and the Sea'

The deepest definition of youth is life as yet untouched by tragedy.
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