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ABSTRACT

The paper is written to determine the optimal search pattern through search effects assessment on underwater

targets. 5 types of search patterns are introduced such as, M-type pattern, W-type pattern, rectangular pattern,
4-type pattern and square pattern, In addition, Operational effectiveness analysis model is developed to obtain the

optimum search pattern. The algorithms and mathematical models are also suggested to analyze the required search

times, AUV's movement patterns, moving distances, overlapping areas and so on.
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Fig. 2. Autonomous Underwater Vehicle(AUV)

AEEAHFE TEe 1980%3 Z5E AR7 AR
o] ) AsdAe] Holex lon g B
Aol wat oy} ok %A}%ao 2 Ahesia
At FMtE oA ALEEHE ALRARFAHLS
Zo] EAG: e AL LA PR W3
SR A eFE wA ] FFEAAA F7IE FoIx o
31 7]'1] QRE 217 F33l7)12 a7ty YA

=, HZe 2011). FAMHOE ASFEARSFAHS 3

%‘9} A 71F)9) e EREe Bx) AW BE
g A Alof ZlE aela A JE AFE 9T
P T1Ee] 87" QolthHFE, BEeh olEA,
dl

o gt

}

jg it

2011). £ dAFolM e AEFATFHY 23 gl
Zioll A Fasitty dgEE AUV G Al
A71&ol ATt AFstazl ok
AT 28] dUA7|&e] T8 A}
0 2= FEAIZE 2 E8&TT) wlg U AR
AS 7RI ot 827 I &4 S5 FU)
£ fstdde 1% oy Y o] aFHHHY
2 AFEY, 2012). AT HA ) J)&ole, AE&F
AF4A < %&é— 7} WESE wEHE ARFS O
| Aol &S wx|al B3]
3 o] 7hsg HAge] wiEE
o] dasitt °le A Zke] Agroz QlEte] &
£ W 53 27)9 7FdS gt
2 b Folx| Ak Bgto g B3}
7] 93 HlElg] o] BESA Hol FNERE &

A X3 Q2 Foske HESHA Aol ol
o =8 olyA] Zlette] AeRddrde] 2859

2 AR AL U, W 9 B2 A
2R 8 ARE as] skl UL of
YAl Aol Bash)

A&RALFA PYALDE AR RALFHe
P JMEES Zgste U9 AEEAIMU

Inertial Measurement Unit) SHNEE o83l T

ANA E3he AEFALTH ] Augme Ji&s
£ ZAse =AY DVL(Doppler Velocity Log) &
I 2o AA LD AAEHE BEIZ FTAHEZ o]F
SEd1=

ALFAIEH) AT FAAE FADY A
AR o o) A AL Bestel ga
g, =

|

e 7%—:—7501] %‘Zﬂﬂoi »1%:—

o
=

5!

F5E u%‘%‘%}ﬂl 5]1:1 —’F%lﬂ Hlols #4& 3t
HESl oigh Aol Az ojn gaT el
HEZo] gAd THos WA YEHNE 53
et g 3 As ARk ol g
ol = AN (FHEFAEY SSS, 538712 OC,
FeEEFIME ACE Tt HEE HE A
EL TR Foll AeFAFFA ] FeHw <
5 A "tk Table 12 AHE-FARFH &8
7

o

Table 1. AUV's operation concept

Step Operation Concept

O Unknown underwater objects shall be

Detecti
ctection detected by the sensors of AUV

© Unknown underwater objects shall be
verified and determined roughly what
kinds of objects are

Verification

OBy using the sensitive sensors(Optical
& Acoustic sensors), The detailed
target's informations shall be collected
and confirmed such as it's shapes,

Confirmation

postures, and so on
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Fig. 3. Maneuvering methods based on search pattern
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Table 3. AUV's sensors
Sensor Capacity Etc
Forward | © Detect Range : 100m
. . . Forward
Looking | © Equiped to forward of ship AD i
-D images
Sonar | ©3 dimensional Multi-Beam . £
) Acquired
(FLS) Sonar equipment
Side Scan| © Detect Range : 37.5~100m the sea
Sonar | © SWATH width : 60m bottom
(SSS) | oEquiped to side of ship Acquired
Acoustic Forward
C O Detect Range : 30m 2D i
amera . -D images
OE d fi d of AUV
(AC) quiped lorward © Acquired
) O [llumination : 0.1LUX@F2.0
Optical . .
OImage level : 640x480 Video clips
Camera
(0C) /30FPS saved
O Equiped forward of AUV
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Table 4. Simulation input data

ltems Broad Intensive
Search Search
Depth 20m 20m
Speed 3kts 3kts
Target numbers 3 2
Target depth Sm Sm
applied by detection
FLS e
probability distribution
Probability
of target SSS 0.5 0.5
detection AC 0.5 0.5
oC 0.5 0.5
Battery Capacity 2940Wh 2940Wh
Overlap percentage 5% 5%
Simulation repetition 10 10

Table 5. M-Type and

rectangular search pattern

comparison
ltems M-type Rectangular
search search
Search area 1305m x 1305m x
(DistxWidth) 400m 400m
Search Width
(swath width) 65m 65m
Search time 177min 123min
Battery consumption 434Wh 303Wh
Moving distance 16433m 11468m
Overlapping area 209334m’ 25612m’
Target detecting FLS 2.6 3
numbers S 12 1.6
Probability of | FLS 0.87 1.0
target detection | ggg 0.4 0.58
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AN A 370
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9o e F9de o 7 AEeG g MAE o
Hol oF gu] A& Yk ASFEA™FH g4
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Table 6. W-type and rectangular search pattern
comparison

W-type
search

Rectangular

ltems
search

1242m x
400m

1242m x
400m

Search area
(DistxWidth)

Search Width

(swath width) 65m

65m

Search time 215 min 118 min

Battery consumption 528Wh 290Wh

Moving distance 19955m 10964m

Overlapping area 319245m’ 24392m’

FLS 3 3

Target detecting
numbers

SSS 22 1.4

Probability of
target detection
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Fig. 7. Search time & detection probability comparison
between W-type and rectangular search
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