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Abstract

In order to develope underwater guidance weapon system with an
excellent detection performance, precise analysis and modeling on
underwater acoustic environment and target echo must be precede.
Performance prediction and optimization of detection parameters can be
possible by simulation based on a precise modeling. A study on
underwater acoustic environment and target echo is performed by both the
numerical modeling method based on theory and the analytical method
based on analyzing the acoustic data acquired on laboratory and sea test.
Experiment for such an acoustic approach can be classified into scaled
target experiment and sea experiment.

Data acquisition by means of a scaled target experiment can be
performed using smaller budget and less effect comparing with a sea
experiment. Also, a scaled target experiment has merits on precise
controlling of target aspect and acquisiting of target echo with good
signal to noise ratio. This experiment is necessary to clarify the
relationship between target echo and transmitting pulse such as coating

effect and inner structure effect of a target, and designing transmitting



pulse depending on a target. Data acquisition in the state of precise
target aspect makes a study on target echo possible.

This paper is important on the fact that two major research topics in
the field of target acoustic, target echo modelling (forward model) and
target state estimation technique(inverse model), are developed and
verified. Target echo modeling simulates target echo using the selected
model parameters, and is a kind of forward modeling. On the other hand,
TSE technique estimates important target parameters using the recoded

target echo, and is a kind of inverse or parameter estimation technique.

A study on target echo analysis classifies target echo into 4
components based on outer and inner structure such as specular
reflection, acoustic diffraction, elastic scattering, and multiple scattering.
Through the theoretical studies, these 4 components are separated into
moving HL and fixed HL depending on each characteristics, and are
applied to target echo model. Also, using the developed HL resolving
algorithm, target highlight position is precisely estimated and theory is
verified by resolving target echo into each component using the data,
recoded on scaled target experiment. Target echo model developed
through theoretical study and verification improve reliance of simulation
used in developing underwater guidance weapon system. For verification
of the TSE algorithm, we analyze the errors of TSE using the target
echo model as a function of target aspect angle and resolution. Based on
the analysis of TSE error, we gave a limitation of the algorithm.

The second topic of this paper is result on selecting SONAR
designing parameters which maximize SONAR performance. Detecting
performance of a SONAR priority determined by hardware performance
such as transmitting power, beam pattern, and receiving sensitivity.

However, the components, next predetermined hardware, which determine



the detecting performance are SONAR operating and detecting parameter.
Primarily, target strength is the most important parameter among target
detecting parameters. In the case of studying target characteristics, this
parameter easily considered as depending on target itself. On other hand,
in the side of active SONAR detecting performance, this parameter varies
on the transmitting pulse length, pulse type, and detection algorithm.
Conditions to improve target strength are studied.

Next, TSE algorithm is to resolve highlights and to estimate spatial
position of each highlight. In this case, the temporal resolution becomes
important performance. In this algorithm, signal is processed using the
matched filter. HL resolution(temporal resolution) of this algorithm is
proposed and verified using result, from simulated signal and scaled
target experiment. Also, the fact, that HL resolution changes according
to the degree of window overlapping which is decided by hardware
computing speed, is verified. HL resolution of a system can be estimated
using two resolution limits; resolution limits by algorithm and computing
speed.

In the last, the concept of processing gain, which is algorithm effect
in SONAR equation used to estimate SONAR performance, is proposed
and computed. Processing gain i1s estimated using signal model and is
varied with the degree of window overlapping which decided by hardware
computing speed. Processing gain can be obtained maximum 18dB by
using a matched filter, and can be minus depending on the degree of
window overlapping and the time of target echo.

The listed results of this paper can be applied to TSE algorithm and
ACCM logic for an underwater guidance weapon system. In the future,
these results can be applied to techniques for target identification,

anti—torpedo torpedo, and stealth as a core technique.
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Figure 2.1 Acoustic scattering region for a target.
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Figure 4.4 Photograph of the Figure 4.5 A/D control and display.

sensor part.
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Figure 4.11 Experimental structure of the CW pulse

experiment.
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Figure 4.13 Photograph of the scaled target

experiment in the water tank.
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Table 4.1 Pulse types using for the scaled target experiment.

Pulse Type Pulse Length Frequency Sampling Rate
CW 0.012 ms 420 kHz 5MHz
LFM 1 ms 405 ~ 435 kHz 5MHz
CW Aze A= A Feld AAAD BFS &4 o FysiH,
LFM A% d3te] 35 CW Az HAxdo7b A7) fiel 24 A= 5
da 9] 24 AgEE M F doer AY Rales s A T dES
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Table 4.2 Shape of Targets using for the scaled target experiment and

definition of the aspect angle.

Water
Target Target aspect angle Remark
tank
Spherical i o
- 0 ~ 90 (5° interval)
target
Target #1 - 0 ~90° (5" Iinterval)
Target #2 - 0 ~ 90"  (5° interval)

- 40 ~ 80° (2° interval) elastic scattering

Target #3 air 0 ~ 180° (5° interval)

l

water 180°  (5° interval) multiple scattering

0
Target #4 air 0 ~ 180° (5° interval)
0

water ~ 180° (5° interval) multiple scattering

[e]
T4 3} (normalized) dA T3 T (o] : CW 4
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T2 AHESETh o] CW ¥4 29e Azl weh msfeli HLS) #)
A4 el U@ HLY Wl #ie golshl Foh



100

&0 i’ s
VAN j :
- b ’\X = Specular Reflection
7. e\ 47%
";_'_’ 7 N i <X
. P, %
e e
. AT Yo
% . v/ e
Pt e
E 0 k,‘é shiy ~ ‘\
2 r7r7 iy
£ A \
oy 40 L S i i\ %
z b Y SR TR S i s
£ an . L./ : X -\
: 2 o V1
55 gl i ek :
T vl
'8 1R Vi
10 g : ™
S U T P LD AU S | SR O at
o Irl ,,,,, _ I |
=10 - 1 I
4.5 3 5.3 [} B.5
Timeisac) 'Ein

Figure 4.14 Received signal from the target #1 at various

aspect angles.

100
50 il- o :
o - 7l A Specular Reflection
I{T/" -t e -~
= P A
s / /. \\ ,\/
= B0 MT_LF // \—Y ‘\}‘
& L{r/ Lo A AY
g 50 3E N/ \ \\
£ T e R
& U N\ .\
T . g X Gathon
B 4., [/ Elastic Scattering,
J I 7 i z \ X
i & i
5 o
i /
10 -
__________ Iy l—_..._H—..__.\_._-_..,“_...._.M.a.._- - i
[} — IL 1
1 ! ’
D ! i |
4 45 5 55 g B5
Time{seec) s

Figure 4.15 Received signal

angles.

from the target #2 at various aspect



R
flo
J

= ek o F 29 R FxEe] fleER o] wE Aed

HEARGE =215 S}, Figure 4.149] %4 #19] dist CW &4 1385 i F
o] Fdst HL7F Aol wE Atd =g Abs vEbde, 2z
0" oA 4.4x9 ANEe= x40 oA A7]= HLol™ 4.6%9F 5.8%9 HL

aejelA A7)+ HLoh
Figure 4.15% E4 #29°] CW B4 ™ot} T4 #2°] A% Figure 4.7
¥ o] FA #1o] W W (rib) 7} 6cm Ao E AxE EAo|th Figure
4.14¢F vwstd Asd YAbE 23 #13 Ak, A2 50° oA FAlE
H 5.1ms FZolA B Ao g nole Asrh S
] = WwAsH] 98l 4 #2929 AAZ 400 ~ 80 kA 2°

rlr

o i
i)

o

i

ox

2

e

g
o

Aspect Anpledegree)
o
=

o
Ll

o
L=

I
o

40

Timetses) x1 D‘"I

Figure 4.16 Received signal from the target #2 at various aspect

angles.(Shows Elastic scattering phenomena)

=5

Figure 4.172 %2 #3(E®WA &o] A A, o]t (water) = %71]) 9]
CW #24 g9olt}, ¥2 #32 Figure 4—7% o] UYi woE 2739 =77}

o]
A AA eI yeA Fikel FACE Qs ERAE AR mAoth A4z 50°

ke



o mw o W CICONC L B
~ = B oW oMy,
NI~ o
Wl_l i e T ol ;OH ™
N o N o) — B " SERCGENRe)
ox T ® | ELAT T “ % 2 s 5 L
SN o =8 / | = 3 o
o ok = | kK oo = B o
0 == = < —
S 3 i TTow X0
o M ke o E : R
X o N = 14+ |U.HW\|MWL w0 . n w o Jml
R S\ LT T 5 > ET
— X < E E 1 2 = ) -
5 E g = N v.\ | = EwEZ3
o2 . Tl 7 ; ,ndu\ ! n_Alo ﬂ
RS TR 1 _%\ m _ ¥ - o ™
. wﬁ ..... it Wz o o o M 4w - X 0 i_
o] e ‘U! 7 _A\ S ) _ b o o . T M o
@D W E T b / = _ o 2 T oo X
M- 4 S #) = = o &g
o o 4 3 Ly 3| | ;i 5 U E
ﬁl OL T h ! E Y —~ —
& M /.ruv M\ 4 =l | A= G F o T
o BT c PFL Bl [ 1] ol T oo
L T 5 } ol | S =
W T = = Lﬂr AR = 5 o o HoI
m,_ W oT ww H/r /// | = W ol N ~+ ’
e ,_JMM ol 1 M_uq \\\/VA yORNN | mc = (SO —
w o g = TH v * o, T
_Z:v 1XJ| ;o._ ®© 4 ) i 0 M ‘.:1_ o
7 T <o m i 2 " MTM o W =
— — Sey S . ®
> o W T o | T s : B N0
W W ® ] _ o
) = w | R S
< uﬂ <3 W | | N mc © qﬂ_nm W o~ o
7o No o S 8 8 & 8 8 § 8 8 2 ° ¢ e
2 - XL
™ oo T T (azubaplelfily joadsy = S O T
T R W g 5_2R¥
T ° T oo - TS
PoE oo W s 7T W
= O w T T % WA W

3T
ar

2 #3(air),

7%

3|

oA 4719 3%
T A #4(water)) S o

Ry
N

A #4 (air),

A
o

Figure 4.19 %249 &A1zt 55°

#3 (water),

A
&



3

wr
B

5B o] A

)

B
-

oy, =R AlE

"
B

o
oy
T

oy

7 2 HolA

=
RN

{8

RaA

il

Al

Wt

2]

B.5
10"

V

It

Multiple Scattering
*—

N\

N\
e

A
8.3

SCATTErIng

Timeiser)

7
|

{

e

X -
L

: o

43

N4

7AA = A7F A o] A
Réﬂectiqn/ iffraction

ecular Reflection /

S

70 P

100
a0
Bl

o
=10

{aaubap)afiuy 1oedsy

Figure 4.18 Received signal from the target #4(water) at various aspect

#3 (water) ¥} v}
angles.

3} 2%

13
HoE= LFM

ze AAH A

HL +

of m&

A
&

B

74 CW

A=

o
=]

Act. of

3 Table 5.29

—

0

-
ol

o
o
uj
Mo
or
0

el
o°
jant

X
2t

-

3|
it

Al Fel o

tol HL #42& F3shact

[<

N5E MM

ol
TH

X
R



______ | -D

Target #3(air)

Target #3(water)

Target #4(air) : s

Target #4(water) ; /,.v = [L...‘,: & ]

1
4 45 5 85 8 6.5
lime(sec) x10°

A

~EMEBEN. S TN =4

79 ¥,

Figure 4.19 Comparison of received signal on every target

at the aspect angle 55°.

4.2.2 LFM 23 4 =27

ui)

LFM A3 E& o]g3ste] ¥4 HL #4S 93l Figure 5-73 #o] 4 x4
3 A ZRagPs 4 zraw)S et B4 T2

Mo = JHA] A shdow B FHEH Figure 4.203% 4.210] 24 T3 1 #H
208 R AR BA Zg g9 Ang Al

i,
2
fols
il
rl

)
i,
4
e
2
fols
R
i)
M o~
-
o
_0|L
2
Mo
i)
i,
Bl
o
1o
T
—
|
2
2
N

de 9xd o2% A6
3% BHE FANA Ad-FAs 9o BNE ARs @A EAHM, HL
EHE A% ATable MBS A3/t @olth. @9 ARE AL Fo2 FAYH 1



Yol ®SNE stero] AE Avoln He HMo| £ (threshold)E LrEhiTh
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Signal Sampling Rate(kElz) 1923077 N{M End Frequency (kHz) 43
Resampling(Lix) 2% Pike Length (ms) 1
FFT Overlapping Size (pulse lengihix) 40 aryet Siate Angle (degree) 35
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CFAR Analysis Window Size (+-no.) 1 agket Range (m) 4 ]
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Figure 4.20 Signal analysis program(1l) for scaled target experiment using

the LFM pulse.
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Figure 4.21 Signal analysis program(2) for scaled

target experiment using the LFM pulse.
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Right Signal File name giladd_datalFLige? ML 0msiedS9_Lsig Lefi Signal File name giladd fatalFIigt20em L0ms 1058 _Lsig
Signal Sampling Rate(kHz) 192.3077 LFM End Frequency (kHz) 435
Resamplingtlix) 4 Pulse Length (ms) 1
FFT Overlapping Size (pulse length/x) 100 Target State Angle (degree) 54
FFT size (sampling Number) 256 Taxget Length (m) 15
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Figure 4.22 Resultant display 1 of signal analysis program for the
target #2 at the aspect angle 58°.
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Figure 4.24 Result of elastic scattering.
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Signal Sampling Rate(liHz) 192.3077 LFM End Frequency (iHz) 435
Resampling(L/x) 26 Pulse Length (ms) 1
FFT Overlapping Size (pulse lengihix) 100 Target Staie Angle (degree) 55
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Figure 4.25 Resultant display 1 of signal analysis program for the target
#3(water) at the aspect angle 58°.
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Table 4.3 Result of target state estimation fot the target #3(water) at the

aspect angle 55°.

Center position(x,y) | Target length | Target width
Estimation
(83, 422) 197 cm 45 cm
result
Real value (0, 400) 150 cm 25 cm
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Figure 4.27 Resultant display of signal analysis program for targets

(b) target #3(air), (c)

target #3 (water), (d) target #4(air), (e) target #4 (water).

at the aspect angle 50° (a) target #2,



Table 4.4 Results of target state estimation at the aspect angle 55°

Center
Sosition (.v) Target length | Target width

Target #2 (2, 385) 126 cm 24 cm
Target #3 (air) (3, 387) 122 cm 23 cm
Target #3 (water) (12, 405) 147 cm 51 cm
Target #4 (air) (12, 398) 129 cm 27 cm
Target #4 (water) (11, 410) 194 cm 69 cm
Real value (0, 400) 150 cm 25 cm
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Right Signal File name g ballilfmLbmsid45_Lsig Left Signal File name  g:halllfmil.0msi045_Lsig

Signal Sampling Rate(kHz) 1923077 LFM End Frequency (kHz) 4
Resampling{lix) 26 Pulse Length (ms) 1

FFT Overlapping Size (pulse length'x) 40 Target State Angle (degree) 48

FFT size (sampling Numher) 256 Target Length (m) 15

CFAR Analysis Window Size (+-no.) 1 Target Range (m) 4 ]
CFAR Skip Window Size(+no.y 1 Medium Sound Speed (s} 14787

CFAR Detection SNR(E) 3 Limit Spatial Aliasing (degree) 2.3

LFM Stari Frequency (kHz) 405 Estimation Order L1
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Figure 4.28 Resultant display of signal analysis program for the
spherical target at the aspect angle 45°.
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Figure 4.29 Result of target state estimation for the spherical target

(a) center position, (b) aspect angle, (c) target length, (d) target

width.

Table 4.5 Results of target state estimation for the spherical target.

Estimation item Real value Estimation result
X 0 cm -1.0 £ 14.7 cm
center position
y 400 cm 399.0 £ 14.7 cm
aspect angle 0° ~ 90° 0.03° (average error)
length 150 cm 141.2 £ 34.7 cm
width 0 cm 1.6 £ 1.3 cm
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Table 4.6 Results of target state estimation for the target #4/(air).

Estimation Estimation result Estimation result
Real value :
item (simulated signal) (recoded signal)
Center X 0 cm 1.4 £ 7.7 cm 0.0 £ 8.9 cm
position y 400 cm 389.1 £ 10.5 cm 388.6 £ 10.8 cm
Aspect 1.3° 1.9°
0° ~ 90°
angle (average error) (average error)
Length 150 cm 117.8 £ 26.9 cm 118.9 = 24.7 cm
Width 25 cm 145 £ 4.3 cm 10.8 £ 7.4 cm
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Table 4.7 Results of target state estimation for the target #4(water).

Estimation result
Estimation item Real value )
(recoded signal)
Center X 0 cm 24 * 12.3 cm
position y 400 cm 390.0 £ 13.8 cm
Aspect angle 0 ~ 90° 3.4° (average error)
Length 150 cm 117.9 = 46.3 cm
Width 0 cm 12.1 £ 7.6 cm
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Table 4.8 Result of resolution depending on window moving time.

Pulse length
No. Window moving time |Resolution capability
reference
1 1/40 0.025 ms 7.5 cm
2 1/30 0.033 ms 9.9 cm
3 1/20 0.050 ms 15.0 cm
4 1/10 0.100 ms 30.0 cm
5 1/5 0.200 ms 60.0 cm
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Figure 4.34 Result of target state estimation depending on resolution

capability (a) center position, (b) aspect angle, (¢) target length, (d)

target width.
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Table 4.9 Impossible area of target state estimation depending on resolution

capability.

No. 1 2 3 4 )

Impossible area of TSE | 90° 90° 80~105° |65~125" |[25~180°
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Table 5.1 Target strength of a ellipsoidal target.

Type and Condition Sketch TS dB re 1m
Perfect reflector,
prolate spheroid, ,
beam aspect. - 15m /
o — 7S = 20 bg
1| (Ellipsoid of 4
revolution related >~ =9 B relm
arroud major axis,
ie, a “cigar” )
yox
Same as (1) but — 78 = 20 bg ~;
2 b — 47
ow aspect N
=~ —40 &B re 1m
Same as (1) but - 3 75 = 20 bg o
3 — 64
average apsect >
Be ~ 35 dBre lm

Al A5 2] Peak, Integration, RMS =9 & 7
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Figure 5.8 Resolution of ambiguity function for the signal composited by
two LFM pulses (a) composited by two LFM pulses, (b) spectrogram of
the composited signal, (¢) matched filter output of the composited signal,

(d) result of resolution on the time domain for the composited signal.
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Table 5.2 Types of the LFM pulse used to analysis resolution capability

depending on difference on frequency.

Pulse No. | Start Freq.(kHz) | End Freq.(kHz) |Sweep Freq.(kHz)

1 405.9 436.4 30.5

2 405.9 432.1 26.2

3 406.5 427.3 20.8

4 406.5 423.6 17.1

406.5 418.7 12.2

6 406.5 415.0 8.5
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Figure 5.9 Result of resolution in the time domain for CW pulse with 0.1
ms duration (a) recoded signal with 0.1 ms duration, (b) matched filter

output of the signal, (c¢) result of resolution on the time domain for the

signal.
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Figure 5.10 Result of resolution in the time domain for CW pulse with
1.5 ms duration (a) recoded signal with 1.5 ms duration, (b) matched
filter output of the signal, (¢) result of resolution on the time domain for

the signal.
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(a) recoded signal, (b) result of resolution on the time domain for the signal.
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Figure 5.12 Result of resolution in the time domain for the LFM #2 pulse

(a) recoded signal, (b) result of resolution on the time domain for the signal.
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Figure 5.13 Result of resolution in the time domain for the LFM #3 pulse

(a) recoded signal, (b) result of resolution on the time domain for the signal.
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(a) recoded signal, (b) result of resolution on the time domain for the signal.
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Table 5.3 Computation result of the —9dB points for various frequencies

for the LFM pulse.

Pulse Start Sweep —9dB point| HL time resolution
Number | Freq.(kHz) | Freq.(kHz) (ms) (ms)
1 405.9 30.5 0.0286 0.0572
2 405.9 26.2 0.0332 0.0664
3 406.5 20.8 0.0419 0.0838
4 406.5 17.1 0.0509 0.1018
5 406.5 12.2 0.0714 0.1428
6 406.5 8.5 0.1025 0.2050




523 4=% AR A= W& LT

= = ooz oF dold =& A dH &9
AlZESe gt Jalsolth WHAF Al7E vhE HLe st #alls& dostr]& of
L~ S Letar 7Hgdstar,
B =M A3t F 54E VIEoE A
th. Figure 5.62] o] A€ AFHAE F+ HLE AAHA 6dBol% xbol7} &
AAMNA 6dBol/do]l xfol7b v S
4y Hd £ 7o ®E 9dB A st A HoA F A5 Aok st
ol AAE 7l ol &ste] CWE LEM Aol tish F3s< Alitshd
CW Az A5 Félls o pd ALk Ade tha3 2ok
ANT7=0.6457
A71A 7B FA FA Zojolr
AD=n 7x2=1.2907
714 X2+ &5 71218 gw|o|tt
LFM 259 ¢ &3ls At A3+ tadt 2.

(@)
2
juits)
o

o o
e

2

iz

~

>

o

Sl

il

N

L

™

T

ANT7T=0.811/W
ANA s FA Fie Folrt
AD=n7%2=0.871] W%2=1.742/ W
CWOl 7% =2 golo] wldlsh False /v LEM 259 35 AHg
F3he o] wuldse RS st 5 B2 Polst AAAW CW AEE
Rasol WYL Wl LEM AE 9 el $4 35 22 =4 w2
o] Fopalth,
wrel oy EHo] 30molx HLe| 1217k &t 5, F A el 912 dehy,

HLS Agl A=
A A sHd
CW 2329 35

—

Om7t H A Bals SWeld CW o LEMe #2 Jug

_ 10zx2  _
1.290 7- 150072/ s =0.013s



10ms ©l3ke] Na g $4F 4¢ B}t 7bssich =& LFM A9 3¢

=0.013s

134Hzo| 8] Sk 2pol 5 7H $Al HAE AREstofof Fhtf. o] Ay

s AAE H ‘ﬂo A A Aol gle Bl 489 s
& AATE A7 Al =g At s oudit AS A Al
4ol ohell Figure 5.17914 Werliith 4 e-dE
(R-D map) 0% @25ed 5= f—i@ ato] #34
Transform) & F3fstofof st} +3d £ A3 A
A 4@ AA, LFM A5 4$ R-
shube] grol A7) Jdd. =
time)o] A s ApE AT

AD=4- Dt ef2 (5-11)

A7 A A HES o]F AR (sliding time) ©] ™

matched filter
output AWWHW‘M’WW —
\_‘:H:H——“ FFT size

1117

Sliding size

detector input

Figure 5.17 HL resolution ability by the signal processing.

2l (5=1DelA 47F Falixl 212 HL el ZA oA Fesh 4 dolg i



Folth, A& E°] F4 F4 APY A% 1ms HA Holz FAlsta (LFM
A

& 30kHZS FuE F AME) QRS olBARE £ 7719 1/200% A
!

o AYE shlvR Az A g AIF Zellee 4 6-1De wEk tha 3t
ol Axteatt

A D=4 - (1/20)7%5 - 1502/ s= 15.0cmz (5-12)

AD=T50-1.290 - 0.001= 97cw
LFMe Az 9 47

AD=1.742 - 750/30000 = 4.3 cm
A9 A Azt 4 (5-12)¢ Ayt wlwsle] REle s ddstd CW/
LFM 2139 A9 97/15.0 cm® A=t}

5.3 33 BEI AMoIS

A e Zvbs FAl AZ ek fARRE replicas ARS8 SNR& Eo]=H|
Stk dubz o AR AE| O AAol5E oF 16dBYER 4 A o
2ko

AAE EH, 87, sutel weh BEA Solet AEe] tjstel o

Figure 5—18< a3 72 A A& AAste] J TEZ Al s
A 3}oltt,
- 3X FF  LFM



- 2 &5 1V, kts
- 34 &% 0 kts
— sliding number. : pulse length/50

HI””WI” '\l”‘\ I!‘
ol | o T
[

_1 - i I “ .
BB b b B
B |I : B

) 0.08 01 018 02 028

&0} Avg-Vilue : -57:2683- - i --- - Speegm Max-Valk-: 52:7391

Max Value : 68.9039 ! Max Value time : 0.09176%

45 i :
i 008 01 015 02 026 03 035

(d)
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Table 5.16 Computation result of processing gain.

Pulse|Replica Sonar | Noise |Reverberation| Target |Reverberation Target PG
speed gain gain gain PG
1 V1 |56.2 dB 56.1 dB 71.3 dB -0.1 dB 15.1 dB
LFM 2 V1 |[56.1 dB 56.0 dB 72.1 dB -0.1 dB 16.0 dB
3 VO |[56.2 dB 56.0 dB 71.3 dB -0.2 dB 15.1 dB
1 V1 |[56.5 dB 40.1 dB 57.1 dB —-16.4 dB 0.6 dB
CW 2 V1 |[56.5 dB 40.0 dB 57.1 dB —-16.3 dB 0.6 dB
3 VO |56.5 dB 41.0 dB 57.2 dB —-15.5 dB 0.7 dB
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Figure 5.19 Result of processing gain computed using the recorded signal
(a) recoded signal, (b) matched filter output of the composited signal,

(¢)output of power sum.
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(d)

Figure 5.27 Variation of spectrogram depending on window overlapping (a)
matched filter output when window overlapping is 1/2 about pulse length,
(b) matched filter output when window overlapping is 1/50 about pulse
length, (c¢) coordinates transformation when window overlapping is 1/2
about pulse length, (d) coordinates transformation when window

overlapping is 1/50 about pulse length.
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