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Prioritizing the capabilities of unmanned
underwater vehicles necessary for ISR based
on the Analytic Hierarchy Process
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< Abstract>

The need for unmanned underwater vehicles (UUVs) has received significant attention given the
current security situation in the Korean Peninsula. UUVs are used in the military to perform five key
missions: intelligence, surveillance, and reconnaissance (ISR), mine countermeasures,
anti-submarine warfare, inspection/identification, and oceanography. In this study, we analyze the
standards of evaluation of the characteristics and capabilities of UUVs that are necessary for ISR
missions, which are most important from among the above mentioned ones. First, we establish 5
main criteria and 15 sub-criteria by consulting a group of experts. Next, we use the analytic
hierarchy process (AHP) for these criteria. It computes the relative weights of the criteria based on
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pairwise comparisons, in order to evaluate the relative importance and priorities of the criteria we
established, by selecting another group of 51 experts for the evaluation of the pairwise comparisons
among the criteria. Consequentially, the importance associated with performance and ability of the
ISR tends to be relatively high while the one associated with cost and economy for operating the
UUVs appears to be low. These results may be useful in analyzing required capabilities in a more

objective and concrete manner while procuring UUVs in the future.

Keywords : analytic hierarchy process (AHP), unmanned underwater vehicle, intelligence, surveillance and
reconnaissance, required capability
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HF
[e] "l
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[e)

Ur%DHTable 1).

<Table 1> Application procedure of AHP

Step Main contents
Step 1 Decomposition of given decision criteria, alternatives into hierarchical structure
Sten 2 Conducting a survey of decision elements in the same hierarchy for pairwise
P comparisons
Estimating the relative importance or weight of the components compared with the
Step 3 .
Eigenvalues method
Step 4 Consistency verification by consistency analysis (if CR values are less than 0.1 go

to Step 6, otherwise go to Step 5)

Step 5 Reset initial values in the same way as in Step 2 and revert back to Step 3

Summing the weights for each evaluation element calculated at each layer leads to

Step 6 .. .
P prioritization of alternative in the lowest layer
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<Table 4> Results of selection of assessment criteria for UUV

Criteria Sub Criteria Definition
Satellite Sending and receiving information with UUV and allies using
communication satellites
Communication Buoy Sending and receiving information by means of a buoy installed
Capability Communication on the sea level
Underwater UUV sends and receives information underwater while
Communication underwater
Power Source The type of energy that drives the UUV
. Fuel efficiency Amount of fuel consumed by the UUV per hour
Persistence

The degree to which the UUV withstand internal and external

Durabilit . . . .
y deformation without any internal or external deformation
Avoid Detection The ability to evade enemy detection
. Noise Degree of noise generated by UUV
Stealthiness & & v
The properties of a . .
prop A Properties of Materials that make up the UUV Surface
material
Speed Speed of UUV maneuver
Ability to avoid Ability to maneuver by avoiding obstacles and dangerous
Mobility dangerous goods objects during UUV manoeuvres
. The ability of the UUV to maintain its depth during the
Keep in Depth Y . . . P &
incubation period
Operation period |Duration of operation in the field after manufacturing the UUV
Economic 3 . .
.. Cost of Construction Costs Required for UUV Construction
Efficiency
Cost of Maintenance Costs Required for UUV Maintenance
UUV For
Surveillance and Reconnaissance
Communication . < N e Economic
Criteria Cap;bilcizy Persistence Stealthiness mobility Efficiency
. = S|l g
: Eel 2] 2|l || 2 i CElE R s :
2 E || 2 = 2 25| € gl =212
Sub c |l B & = g co |l = sl ol
o 2 = I A= = = 2 g 2851 g i || g
Criteria = s & g 9 g 2 2 22| g g g g
g N g 2 SEl| 2|28 ¢

<Figure 1> Hierarchical Structure of UUV Assessment Criteria
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7ol 715
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o] T 247 el A=

Evaluation S Sub Criteria | Sub Criteria | Sub Criteria | Sub Criteria | Sub Criteria
Target | Ol 1 2 3 4 5
Division Factors 5 3 3 3 3 3
Evaluation | Pairwise Pairwise Pairwise Pairwise Pairwise Pairwise
Method | Comparison | Comparison | Comparison | Comparison | Comparison | Comparison
1 0.1476 -0.0002 0.0448 -0.0002 0.0146 -0.0002
2 0.3681 0.4012 0.0960 0.0092 0.3057 0.0835
3 0.9422 0.4012 -0.0002 1.2901 -0.0002 0.0473
4 0.0022 -0.0002 0.1524 0.0003 0.0003 0.0003
5 0.2321 0.0146 06721 -0.0004 0.0037 -0.0002
6 0.0719 0.3405 0.0005 0.0960 0.3405 0.0960
Evaluator
7 0.3700 0.8492 0.4164 0.0005 0.6502 -0.0002
8 0.6571 0.9517 0.6805 -0.0002 0.0628 0.3061
9 0.1159 -0.0001 0.3061 -0.0002 -0.0002 -0.0002
10 0.1572 0.2638 0.4012 0.0005 0.0191 0.2638
11 0.7835 0.2403 0.0005 0.4012 0.0960 -0.0002
12 0.7195 0.9517 -0.0001 -0.0004 -0.0001 -0.0002
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13 0.5242 0.0191 0.0191 0.2801 0.0146 -0.0002
14 0.0479 0.1277 0.0061 0.1524 0.1524 -0.0002
15 0.0001 0.6721 -0.0001 0.0005 -0.0002 0.0005
16 0.1624 0.5169 0.4644 0.6721 0.1639 -0.0002
17 0.0512 0.0960 0.0960 -0.0002 0.0473 0.0473
18 0.5418 -0.0001 0.4644 0.6721 0.5253 0.8865
19 0.4717 0.2180 0.0960 0.6721 0.9633 0.4164
20 0.1028 0.4012 0.0003 -0.0002 0.1524 -0.0002
21 1.2415 2.0594 0.0312 0.8688 0.1894 0.1894
22 0.0485 -0.0002 0.0473 0.5253 0.18%4 0.0960
23 0.0606 0.0312 0.4644 0.6721 0.2638 -0.0002
24 0.1024 0.7511 -0.0002 -0.0002 0.5258 -0.0002
25 0.0769 0.0473 -0.0002 -0.0002 0.0003 0.0234
26 0.0038 0.0096 0.0096 0 0.0096 0
27 0.0138 0.0473 0 -0.0002 0 -0.0002
# Passes 10 12 18 17 15 22
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<Table 6> Result of relative importance per criteria

(Irr?prz)i::ce) Sub Criteria Importance Priority
Communication Satellite Communication 0.4845 1
Capability Buoy Communication 0.2837 2
(0.3406) Underwater Communication 0.2319 3
. Avoid Detection 0.4398 1
St‘fggggﬁss Noise 03771 2
The properties of a material 0.1830 3
- Ability to avoid dangerous goods 0.4085 1
%Olbégg Keep in Depth 0.3568 2
Speed 0.2348 3
' Durability 0.5071 1
PEégslﬁt%l)ce Power Source 0.3134 2
Fuel Efficiency 0.1795 3
Economic Operation period 0.3931 1
Efficiency Cost of Maintenance 0.3570 2
(0.0745) Cost of Construction 0.2524 3
<Table 7> Result of complex importance per sub criteria
Criteria Sub Criteria hfgﬁﬁe Priority
o Satellite Communication 0.1650 1
Commun}t%atlon Underwater Communication 0.0790 5
Capability
Buoy Communication 0.0966 4
Power Source 0.0463 10
Persistence Fuel Efficiency 0.0265 14
Durability 0.0749 6
Avoid Detection 0.1216 2
Stealthiness Noise 0.1042
The properties of a material 0.0506
Speed 0.0378 11
Mobility Ability to avoid dangerous goods 0.0657 7
Keep in Depth 0.0574 8
) Operation period 0.0293 12
EE?SZ?CI; Cost of Construction 0.0188 15
Cost of Maintenance 0.0266 13




9
A} 10

i

ko)
pal

L AvAes vl ek o 4 gk

3

RYA
.

0.3406%0.4845)

1ol &7

77}
EERER

=

+t}. Table 7&
A 5

hus

}-

k=2

k]

o

HolErh f1AdFAlo] 0.1650(
o7 ¥go] 0121608 F WAZ =9k, ASo] 010422 A A=

3 1ojol

e

Sl M4 A1

x
[

A
(]

9

T AR7IEC] A4 v AdEelA 16708 A7Es 4T Aol Blasks e 2

u|7k glem, o

Zo5%

4
o

=

1

3
=K

)

Folof & FAIH

- 42 VUV 2

N
o|J
wr
ol
o)

O

)

7 A
37 =2

=z g9

o

b sl

d
al

(3

tack 1 A7 5

i<

ST,
ul
=

9

o] el &

1
1

o)

[}
[e]

o

=

S ofel A}
=

F 70

o

sHAl 2 UUVE AA 7

[e)
WEA QAL

e

oF
iy

74
=
=
o=
= Al

)

>
o)

==

5]

Foic.
ol
A3} ek 43}

o

A <] )

A
o

o

3o
3 7717
2 7}

S

]

A
pul

R 9

5

A A3t 57k 9] 7]

1

=]

o7 HlW

bk,
ofu gt Z A s FAAA ol e

=
fLs

0|

1l ge Aoz Zoay.

7]

olole}, we ol

o]-&
= Aol A AA

1

&

el on UUVe

7HA €] 7]

=
R

A

=
o

T
3

o

Jo
—_

A= &

1
oy
Nfo
)
NE

= 7]
Z o

3

Tl A
CEEEE L

1

5

[s

8ol 7k

s
a

=

o

=
R

7]

L

R

of

B7})s

]

AL

=

g [

17

Z

st =

S

o] &4

=

=

UUV $-H

15

0]
pal



/ Gwuihyeon Park - Taehyun Lee - Chunghwan Lee - Jinho Lee 15

Prioritizing the capabilities of unmanned ...

R B

O
=

P e

3]

o}, Te 7)) J)Eely drgt &

]

%

o

=

AHP 7]¥

=

]
sfeh 2 Aol

5o Wz S
FATE et oo

}
A
S|

7F At

Tl

(<]

-

=i
o
1=}
o
=
5

_]

S
T

d 7]

2 919l

3¢
b 2l 4

ol wlEjo]E]

]:
A
~

EE e AegeEA FHo
o
A
A A

=

=

]

Fevt

g}

o
QA AT w

°

15 3ke] A7

= 7FA ok

7V

o4 2 997} glet. ol el e

A
A

L

.

}\O
&t7] Bt

S.I

olaLk A

K

E
l

;__Iv‘
1j_

)

kU
Jie

-
Tl

7

0= 2~
T= T

}-

wol 8] Tel Ak

|
=
o)
=

N
pu
3

F UUV7E ©f

A

o

=
Z

o
=~
-7

H
Aol A F

ZF 1l A
Al
A

w

9% chepahgel w21 o7 ek vepsld Ao Jlden weh e

Aol A
o] Al

Al

L]t

o

Qko] & Ro= 7gH)
The author(s) declared no potential conflicts of interest with respect to the research,

We would like to thank Editage (www.editage.cokr) for English language editing.

Declaration of Conflicting Interests

Acknowledgements
authorship, and/or publication of this article.



16 MTI=LAT A4 w1z

Reference

Allard, Y., & Shahbazian, E. (2014). Unmanned Undersea Vehicles (UUV) Information Study.
OODA Technologies, Canada. https://apps.dtic.mil/sti/citations/AD1004191

Button, R. W., Kamp, J., Curtin, T. B., & Dryden, J. (2009). A Survey of Missions for Unmanned
Undersea  Vehicles. RAND  National Defense Research Institute, USA.
https://apps.dtic.mil/sti/citations/ADA503362

Choi, J.-R., Kim, C., & Kim, D. (2012). A trend of developing military purpose UUVs. Defense
and Technology, 39, 52-69. https://www.dbpia.co.kr/journal/articleDetail ?nodeld=NODE02304189

Hwang, A., Kim, M, Lee, S. Y., Yoon, J., & Kim, C. (2011). A study on unmanned underwater
vehicle operational performance analysis for mine search operations. Journal of the Korea
Institute of Military Science and Technology, 14(5), 781-787. https://doi.org/10.9766/
KIMST.2011.14.5.781

Kang, S., Hong, S., & Sur. J. (2019). A study on the operation scenarios of unmanned underwater
vehicles for an ASW-ISR. Proceedings of the Conference of the Korea Institute of
Military Science and Technology, 2239-2240

Lee, J. E. (2019). Technology development trends and development of unmanned underwater
vehicle. Journal of Korea Academia-Industrial Cooperation Society, 2009), 233-239.
https://doi.org/10.5762/KAIS.2019.20.9.233

Lee, K., & Yoon, H. (2011). Improvement of position estimation based on the multisensor fusion
in underwater unmanned vehicles. Journal of Korean Institute of Intelligent Systems,
21(2), 178-185. UCI : G704-000319.2011.21..002

Lee, O.-S. (2017). A direction of development of large UUVs for anti-submarine warfare
connected to the future warfare development trend of the Navy. Defense and Technology,
457, 80-89. http://www.dbpia.co.kr/journal/articleDetail ?7nodeld=NODE07118186

Lee, P.-M. (2020). A technology development trend and direction of Underwater drons, UUVs.
Bulletin  of the Society o Naval Architectures o Korea, 57(3), 2-6.
https://www.dbpia.co.kr/journal/articleDetail ?nodeld=NODE10442529

Satty, T. L. (1980). The Analytic Hierarchy Process: Planning, Priority Setting, Resource
Allocation McGraw-Hillhttps://books.google.com/books/about/ The_Analytic_Hierarchy_P
rocess.html?id=Xxi7TAAAAIAA]J

Shin, S., Lee, J., Hong, W., Kim, W. S, Bae, H., & Cho, H. (2020). A simulator development for



Prioritizing the capabilities of unmanned ... / Gwuihyeon Park - Taehyun Lee - Chunghwan Lee - Jinho Lee 17

determining the sonar sensor configuration of unmanned underwater vehicles based on a
hold—at-risk scenario. Journal of the Korea Society for Simulation, 29(2), 21-33.
https://doi.org/10.9709/JKSS.2020.29.2.00221

US Navy (2004). The Navy Unmanned Undersea Vehicle (UUV) Master Plan. Department of
the Navy, USA. https://www.hsdlLorg/?view&did=708654

Yao, H., Wang, H,, Li, Y., Wang, Y., & Han, C. (2019). Research on Unmanned Underwater
Vehicle Threat Assessment, IEEE Access, 7, 11387-11396. https://doi.org/10.1109/
access.2019.2891940

Yoo, T.-S., Kim, M. H,, Hwang, J. H,, & Yoon, S. L. (2016). Development of navigation HILS
system for integrated navigation performance analysis of large diameter unmanned
underwater vehicle. Journal of Ocean Engineering and Technology, 30(5), 367-373.
https://doi.org/10.5574/KSOE.2016.30.5.367

ooy s g 20214 018 27¢
oo g Y 20214 043 08Y
A X o= H Y 20214 048 23Y



https://doi.org/10.37944/jams_v4i1.98

8

[e)
4

]33

k=2

=

AHPE

Sl M4 A1

x
[l

9

A
(]

8

1

X
T

R

e
JJo

)

_(‘5_:1 «

ul—:rL] 5

=

A

LES

J

A

Fod 2ein)

7} 15744 ¢] 227

=
RN

11 41

E] A

(<]

=]

&
=]

&3l 574+ 2] 7]
7P RS b1 e R

no
1=
=]

LN

A

1

Ko

o7
Plo

0

A%

ul
=

H]-§

L
s

ol A 117

N

1214, taeleedS6@gmail.com

1217, leech3348@naver.com

A
A

1

AR, asa975@naver.com
1

4
SH

°

1
3

o

ol

°

A €849 Zo= 7|gert
Yol 14, jinho7956(@gmail.com

0

o 78

L

L

o

o
st 733,

iR

uhel

=
il

[e)

=

af

[

A

o (FEAR 9
o (FEAR sttt S,

sokokok (ﬂ’n\lﬂ ;(b)

7V
[

o

)

i

iAoz vt vebst) ol @ dak=

* (A1AAD

o

I

of





