Journal of Korean Society of Industrial and Systems Engineering Vol. 45, No. 1 : 10-19, March 2022
https://doi.org/10.11627/jksie.2022.45.1.010 ISSN : 2005-0461 / EISSN : 2287-7975

Deriving Priorities between Autonomous Functions of
Unmanned Aircraft using AHP Analysis:
Focused on MUM-T for Air to Air Combat

Byungho Jung* - Jihyun Oh** - Hyeonju Seol*** - Seong In Hwang"‘T

*Republic of Korea Air Force Academy
**Agency for Defense Development
***Chungnam National University

Recently, the Defense Advanced Research Projects Agency(DARPA) in the United States is studying a new concept of war
called Mosaic Warfare, and MUM-T(Manned-Unmanned Teaming) through the division of missions between expensive manned
and inexpensive unmanned aircraft is at the center. This study began with the aim of deriving the priority of autonomous functions
according to the role of unmanned aerial vehicles in the present and present collaboration that is emerging along with the concept
of mosaic warfare. The autonomous function of unmanned aerial vehicles between the presence and absence collaboration may
vary in priority depending on the tactical operation of unmanned aerial vehicles, such as air-to-air, air-to-ground, and surveillance
and reconnaissance. In this paper, ACE (Air Combat Evaluation), Skyborg, and Longshot, which are recently studied by DARPA,
derive the priority of autonomous functions according to air-to-air collaboration, and use AHP analysis.

The results of this study are meaningful in that it is possible to recognize the priorities of autonomous functions necessary
for unmanned aircraft in order to develop unmanned aerial vehicles according to the priority of autonomous functions and to
construct a roadmap for technology implementation. Furthermore, it is believed that the mass production and utilization of unmanned
air vehicles will increase if one unmanned air vehicle platform with only essential functions necessary for air-to-air, air-to-air,
and surveillance is developed and autonomous functions are expanded in the form of modules according to the tactical operation
concept.
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<Table 2> Relative Importance of Large Categories
Pilot(fighter)

0.361
0317
0.322

Classification

1. Perception
2. Planning
3. Control
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{Table 3> Relative importance of “Perception” sub-function
Large Category Medium Category Small category
Category P D T Category P D T Category P D T
1.1.1. Take-off and landing facilities 0.015]0.01610.015
1.1. Geographic 0.034 | 0.033 | 0.033 : :
features ® ® 1.1.2. Flight-related geographic features 0.014]0.01210.013
1.1.3. Target of ground attack 0.00510.00510.005
1.2.1. Using Lidar to detect objects 0.01410.021]0.018
1.2. Detection of 0.055 | 0.078 | 0.067 - -
Moving objects ® 3 @ 1.2.2. Using Radar to detect objects 0.02910.037{0.033
1.2.3. Using IRST to detect objects 0.01210.020|0.016
1.3.1. Flight point coordinates 0.016(0.016{0.016
1.3. Flight route and | 0.067 | 0.077 | 0.072 ” -
Jocation @ @ 3 1.3.2. Self-position coordinates 0.032(0.03410.033
1.3.3. Distance from a specific Target 0.01910.02710.023
e 1.4.1. Take-off and landing information 0.016]0.019{0.017
14. Mission 0.055 | 0.077 | 0.066 — :
information ® @ ® 1.4.2. Operation information 0.023]0.03410.029
received 1.4.3. Aircraft navigation information 0.016{0.0230.020
[. Perce-ption| 0.361 | 0.544 | 0.453 1.5.1. Approach to the enemy weapon 0.04310.049 0.046
1.5. Threatening 0.096 | 0.145 | 0.121 .
situations D D D 1.5.2. Whether enemy radar is detected 0.03310.046{0.039
1.5.3. Electronic attack 0.02010.051{0.035
1.6.1. Engine system 0.01010.022{0.016
1.6.2. Communication system 0.003]0.01310.008
1.6.3. Navigation system 0.00410.010{0.007
1.6.4. Flight control system 0.011]0.035{0.023
1.6. Aircraft 0.055 | 0.134 | 0.094 | 1.6.5. Aircraft protection system 0.0020.008|0.005
conditions ® | @ | @ [1.6.6. Weapon System 0.0030.011 [0.007
1.6.7. Fuel and hydraulic system 0.006]0.01110.008
1.6.8. Electricity system 0.007(0.010{0.009
1.6.9. Take-off, landing, and braking system |0.004|0.005|0.004
1.6.10. Aircraft exterior and posture 0.00410.009{0.007
* P: Pilot, D: Developer, T: Total.
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{Table 4> Relative Importance of “Planning” sub-function

Large Category Medium Category Small category
Category | P D T Category P D T Category P D T
2.1.1. Proceeding normally of T/O and L/D | 0.014 | 0.004 | 0.009
H g)(gozrrl;ip}ﬁin 0‘%6 O'g@“ 0'%9 2.1.2. Prevent collision of objects 0.009 | 0.005 | 0.007
features 2.1.3. Corresponding of ground targets 0.004 | 0.002 | 0.003
2.2.1. Identification of Lidar detection 0.009 | 0.008 | 0.008
2.2. Identification and | 0.040 | 0.041 | 0.041 | 2.2.2. Identification of Radar detection 0.016 | 0.013 | 0.014
avoidance ® | @ | @ |223. Identification of IRST detection 0.008 | 0.008 | 0.008
2.2.4. Prevent collision with identified objects | 0.008 | 0.013 | 0.010
2.3.1. Proceeding normally of Route 0.014 | 0.005 | 0.009
23 flight roue O Pt 407 [232. Location of the mission area 0.013 | 0.008 [ 0010
e 2.3.3. Judgement of Distance from a Target |0.019 | 0.011 | 0.015
2.4.1. Flight/armament judgment 0.009 | 0.004 | 0.006
2'. 0311021 0.26 0.053 | 0.022 | 0.037 | 2.4.2. Whether to Accept control information | 0.006 | 0.002 | 0.004
Planning | 7 6 6 | 2.4. External information — — -
@ ® @ 1243 Determining the mission information 0.019 | 0.009 | 0.014
2.4.4. Determining the navigation information | 0.019 | 0.007 | 0.013
2.5.1. Avoiding the enemy weapon 0.024 | 0.014 | 0.019
2.5. Judgement of 0.068 | 0.061 | 0.065 | 2-5-2. Response to radar detection 0.016 | 0.022 | 0.019
Threatening -
situations @ @ @ |25.3. Electronic attack response 0.013 1 0.017 | 0.015
2.5.4. The mission according to the location | 0.015 | 0.008 | 0.012
2.6. Using weapon/ 0.047 1 0.030 | 0.038 | 2.6.1. Effective armed judgment 0.030 [ 0.017 | 0.023
mounted equipment | @ | @ | @ [2,62. Use of mounted equipment 0.017 [ 0.013 | 0.015
2.7.1. Alternative mission accomplished 0.009 | 0.009 | 0.009
27. m‘j;i‘;tfg; aircraft 0‘7 0'856 0'2 27.2. Abort and returning 0.009 | 0.005 | 0.007
2.73. Loss of self-control function 0.019 1 0.013 | 0.016
*P: Pilot, D: Developer, T: Total.
2 Ta% Vs er Asta das & SdSdHh o AR AETs i 5 29 v SR A, 4
AT B 7_04 Ul FaEE 261 94 T FNAA Al e 39 At 23kt A B
TF AH0.023), 251 A FVIAA Aol w2 g9 Ad Ta% Ve er Hrtshdlou, 2FAE SASH}
(0.019), 2.5.2. A #ojth G w2 ul-g #eh0.019), A, IFAR, A FH, A&7)5 H T FFIA
273. AL71%F & BH0.016), 233 SA=®E(A], A AFE TR dolM daF Vs, NEAE ol
z)9ke] Al Tek0.015), 2.53. A FA0| ©E gg Al W o, AR FAd WE s 5 AolA
FH(0.015), 2.6.2. Aol whE FAPgH] ARE- A0.015) EEHAE AT A 715 F8EE A WU
To® Hrhehglth AT 2385 TREME A5 & UdAT
Gue 23 AR JUA FLE S 4
TR Z2FARE 261, B P FF BT000), 54 O 59 S 2 KBII5 ML
25.1. A F71AA Aol w2 39 $1H0.024), 2.3.3
ERmzolol Agl #ek0.019), 243, dFAR AT T 3 Ul wds g oA AEVE T
(0.019), 2.4.4. 32 AR FH0.019), 2.7.3. A&Ao] 7|5 3. Aol 3k & 7 AN FAE)E 4
A AH0.019) £z FuE Taxs kel @ Ao <Table 5>9 2k

SHAIRE Al 252, A glolth §Ael] whi -
(0.022), 2.5.3. AAA FA ol W& g TH0.017), 2.6.1.

2 B FF BeH0.017), 2.5.1. A FIIAA A2
w2 39 Beh0.014) £o& AE FREE Hlele]
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FEF 5TE o) 4 FREE
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<Table 5> Relative Importance of “Control” sub-function

Large Category Medium Category Small category
Category | P D T Category P D T Category P D T
3.1.1. Moving to the ground 0.008 | 0.003 | 0.005
3.1.2. Take off and landing 0.013 1 0.011 | 0.012
3.1.3. Normal flight altitude/speed 0.008 | 0.011 | 0.010
3.1. Movement and | 0.068 | 0.057 | 0.063 | 3.1.4. Collision prevention/directional change | 0.008 | 0.009 | 0.009
flight control ® @ @ |3.15. Maintaining a distance from the target | 0.007 | 0.005 | 0.006
3.1.6. Posture control for armed use 0.008 | 0.006 | 0.007
3.1.7. Avoiding the enemy weapon 0.009 | 0.010 | 0.010
3.1.8. Mission area turn 0.007 | 0.003 | 0.005
3.2.1. Using the machine gun 0.014 | 0.004 | 0.009
N 32, Use of armored/ 0,080 | 0.053 | 0.067 3.2.2. Us?ng the a?r to air weapon 0.034 | 0.017 | 0.025
Cont-rol 0.322 | 0.240 | 0.281 m01‘1nted D 3 D 3.2.3. Using the air to ground weapon 0.007 | 0.006 | 0.007
equipment 3.2.4. Using the avoiding weapon 0.011 [ 0.016 | 0.014
3.2.5. Using the mounted equipment 0.014 | 0.010 | 0.012
3.3.1. Remote control 0.025 | 0.039 | 0.032
33 g;’]"f“f(')ﬁrof“s of 0'851 O'E)D“ 0'%)56 3.3.2. Self-destruct on the target 0.008 | 0.011 | 0.009
3.3.3. Self-disposal 0.018 | 0.012 | 0.015
o ) 3.4.1. Information on access to flying object | 0.019 | 0.010 | 0.015
34 gﬁzzg warning to 0.?273 0'3533 0'8‘53 3.4.2. Warning for armed enemy 0.036 | 0.012 | 0.024
3.4.3. Collision warning between battles 0.018 | 0.011 | 0.014
3.5. Flight information | 0.050 | 0.036 | 0.043 |3.5.1. Automatic location information 0.030 | 0.016 | 0.023
sharing © | @ | © [352. Ajrcraft status information 0.020 | 0.020 | 0.020
Zke] A FAEE tEA A4S & 5 Atk 2% (0.016), 3.5.1. o] &7t AbF YIAAE F(0.016) T =
Ab= 3.2, T E] AF8(0.080), 3.4, ofwtol| Tk A Fo=d gt 45 E AUkl v AETE
aL A#(0.073), 3.1. o]& 2 HIA|(0.068) o= A G 47HA] 3322, 331, 3.5.1,, 3.52)8 2FAL
159 i FREE GO, A 33 4 ANEAbE BUs F8 Jl5oR Qs 9Rom,
&7 gl mE A01(0.061), 3.1. o5 H B A U @5 5 234 A7) AR A A Al
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(0.025), 3.4.2. 7] F4AHE A5 3 #8(0.024), 3.5.1 F1719) 542 o= sl v da-dS thekst
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&7)59 AdH TLE(FAENE EEaAt she
X o2 et 2 AFE 93 Jung et al.[4]9] 7]
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