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Fig. 1 Intelligent structure of human/unmanned system
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Fig. 2 Evaluation index system of autonomous capability of ground-attack UAV
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Fig. 3 Flow chart of evaluation of autonomous capability
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Table 2 Basic performance parameters of UAV

UAV K/m FE/m fE5/m Rinfm®  HIGE KFEi/ke  FHR/m B/ (kmeh ) ST/ (km-h )
UAV1 11.7 24 3.8 29.5 5670 12192 460 398
UAV2 8 17 2.1 17.8 1633 8 800 280 110
UAV3 8.22 14.8 2.1 11.5 1020 7620 217 165

UAV  FER#E/m HbREfEE/m SEOMEREAL ERER/m  SfEhm  ARETke  REIWLIEAW KSR /km
UAVI 0.1 0.10 8 600 40 1360 661.5 10186
UAV2 0.2 0.20 4 640 30 360 99.2 4800
UAV3 0.3 0.25 2 667 24 200 84.5 3704

#*3 PA—kislRENE
Table 3 Normalized index quantization value
UAV B B B3 By Bs Bs By Bg By Bo
UAV1 0.84 0.87 0.75 0.66 0.81 0.73 0.71 0.73 0.67 0.82
UAV2 0.56 0.75 0.61 0.62 0.54 0.62 0.57 0.61 0.62 0.57
UAV3 0.40 0.62 0.43 0.42 0.43 0.46 0.46 0.55 0.47 0.43
UAV By Bz Bis Bia Bis Bis By7 Bis By
UAV1 0.76 0.74 0.81 0.82 0.79 0.80 0.88 0.80 0.80
UAV2 0.53 0.65 0.71 0.62 0.59 0.58 0.54 0.56 0.68
UAV3 0.38 0.52 0.60 0.44 0.46 0.41 0.44 0.45 0.50
32 HEHEANE

MRPEEE 1S A RS AR AR IR R, 1
J6 NAE 8 SR & 5% 46 A 5 3R W R 22 (] ) A X
R IATE 43, R SCE 2 o Bkt R e A
() = AN, AR 2 3 TR 19368 b AL (E, AT
PHEAGE TR FWALE . 3 TR0 44 AL,
S AR, £ & WAE KA AR W 4
FFE7R, BCE 53 A7 WA 4 F7 7 o

HiEl 4 7l %1: OBs. By, Bs. B;. Bis%F 5448
P 14 32 2 A {55k — B0, T FE AR A8 A A i {H
E SRR, FMACE W WA B, . By . B 3718
b, FEBCAE X ¥ 45, (B JC 3 58 th = 2R AR FE r o
Q@ F IR 1 A A A e KPR b 5w IR TR
— 7 VA R 0 R TR, PIMR R A T WA
YEHI I
33 E£miEMirES

HRAE 153 09 A 88 1 AF 9 T4y X ], ]
= 23) HHEIRE R SHL, Ik 5 s,

HRIE IE 1) 25 & 2L f DR BEPY f 26 5 b ofe A
RZH I 1000 4> = i EGRAE A, B =
T 2 B0 b 0 A bR BB 2 T A R A Y R

F 4 IEFENER UAV] ZEEFTESH
Table 4 Index weight, and characteristic parameters of

UAV1 cloud model

febr EWAGE FUAE AARE UAVIUEtR =
B 0.072 6 0.094 8 0.0896 (62.6,2.44,0.14)
B, 0.0717 0.0227 0.034 1 (68.4,3.38,0.96)
B; 0.0599 0.056 4 0.0572 (55.6,2.71,1.18)
By 0.040 4 0.0412 0.0410 (60.0,3.38,0.79)
Bs 0.0718 0.0734 0.0730 (62.4,6.74,2.98)
Bs 0.067 8 0.0398 0.0463 (67.8,2.76,1.68)
B 0.0311 0.0315 0.0314 (63.0,2.13,1.02)
Bg 0.044 1 0.0153 0.0220 (59.6,1.74,0.85)
By 0.063 8 0.028 8 0.0370 (66.2,4.61,2.53)
Bio 0.068 7 0.0754 0.0738 (60.2,3.01,0.53)
By 0.0554 0.086 5 0.0792 (64.8,1.88,1.37)
B> 0.068 0 0.023 1 0.0336 (72.4,1.57,0.91)
Bi3 0.0372 0.0154 0.0205 (56.8,5.73,1.65)
Bi4 0.050 1 0.069 7 0.065 1 (59.2,2.36,0.54)
Bis 0.0552 0.0543 0.0545 (57.4,1.42,0.66)
Bis 0.038 4 0.0715 0.063 8 (63.0,1.57,0.08)
Bi7 0.0527 0.098 6 0.0879 (66.4,1.67,0.49)
Bisg 0.029 3 0.067 1 0.0583 (64.8,2.37,0.86)
Big 0.0219 0.0345 0.0316 (69.6,1.93,1.15)
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Table 5 Cloud model of autonomous capability

level standard
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m (50,75] (62.5,10.617,1.06)
I\ (75,90] (82.5,6.370,0.64)
v (90,100] (95,4.247,0.42)

B MRRA S A A EREN FEHR BB E R, Wik 5
fios o B, INZE BRI T ~ V0 B A AR E
P IDEAN %3 N i) T2

0.8 i

0.6 [
T

IR

i

04 r

i .rZ‘.?.'-“.«'ﬂ&(,.iﬁ e

02}
0 20 40 60 80 100
R IITAHE
K5 AFERIITFNERIRERE

Fig. 5 Cloud chart of evaluation level standard of

autonomous capability
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Table 6 UAV1 expert scoring

xR B B, B3 By Bs Bg By By By Bio B Bz Biz By Bis Bie Bz Big Bio
1 62 72 57 66 60 64 65 56 66 54 71 73 47 55 59 64 67 65 73

2 64 65 60 59 73 68 63 59 54 58 65 72 52 61 56 63 68 63 68

3 59 72 51 55 54 69 60 61 71 69 65 72 61 63 59 60 70 68 67
4 67 68 56 57 64 68 64 60 75 60 66 75 62 60 57 66 74 62 71

5 64 70 56 58 60 71 62 57 62 59 64 70 63 58 58 64 64 64 69

6 58 71 54 64 56 63 60 59 62 54 62 72 55 57 57 63 63 63 70

7 60 66 61 62 58 68 70 63 65 62 64 76 56 60 58 63 66 65 70

8 60 65 55 63 58 65 64 61 68 63 64 74 42 62 57 61 67 66 70

9 64 71 56 61 55 68 62 61 65 60 65 71 62 56 56 64 69 69 69
10 63 63 54 55 70 72 63 60 64 59 63 72 62 61 57 65 70 68 67
11 64 70 53 58 69 70 60 59 69 59 68 72 54 56 55 62 62 62 67
12 64 70 57 63 65 70 65 59 65 63 65 70 62 59 60 64 64 64 69
13 62 67 58 59 66 65 62 58 65 62 65 73 59 60 56 62 65 63 72
14 75 72 54 59 58 65 62 61 67 61 62 75 58 59 59 61 67 67 69
15 63 65 52 61 70 71 63 60 75 60 63 69 57 61 57 63 61 63 73
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Table 7 Similarity and grade evaluation results
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Fig. 7 Comparison with other evaluation methods
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Combination weighting based cloud model evaluation of
autonomous capability of ground-attack UAV
YAN Jingtao, LIU Shuguang’
(Equipment Management and Unmanned Aerial Vehicle Engineering College, Air Force Engineering University, Xi’an 710051, China)

Abstract: To address the uncertainty in quantitative evaluation of autonomous capability of ground-attack
UAVs, an evaluation method with the cloud model is proposed based on combined weightings. Based on the cognitive
control structure, the evaluation index system of autonomous capability is constructed from five aspects: perceptual
detection, planning and decision-making, combat execution, security management, and learning evolution. The one
sidedness of determining the index weight by a single weighting method is overcome, using the combination
weighting method based on game theory, and combined with the improved analytic hierarchy process and the
improved entropy weight method to determine the combination weight. Considering the fuzziness and randomness of
the autonomous capability evaluation process, an evaluation method based on cloud model is proposed for the
autonomous capability of ground-attack UAVs, and the floating cloud algorithm is used to realize the effective
synthesis of the evaluation index cloud. The simulation results of three ground-attack UAVs show that the proposed
method considers both subjective and objective factors of the evaluation object, eliminates the limitations of a single
weighting method, and achieves scientific and reasonable weight distribution. The quantitative evaluation of
autonomous capability of the cloud model can effectively distinguish autonomous capability levels of different types
of ground-attack UA Vs, with accurate and reliable evaluation results.

Keywords: autonomous caoability; ground-attack UAV; combination weighting; game theory; cloud model
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