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mixed airspace in the future, a priority operation strategy of UAV avoidance based on improved grey correlation projection
method with combination weighting was proposed. Firstly, this paper analyzed the factors affecting the collision avoidance
process from the perspectives of airspace management, aviation regulations and risk assessment, and constructed the
evaluation index system of UAV collision avoidance. Secondly, the analytic hierarchy process ( AHP) and rough entropy
method were used to assign subjective and objective weights, and the deviation and minimum objective optimization function
were constructed by the cooperative game method to fuse subjective and objective weights to determine the final weight, so as
to overcome the disadvantages of the arbitrary subjective weight and objective weight relying too much on data. Thirdly, the
fusion algorithm of TOPSIS and gray correlation projection method were used to comprehensively evaluate the UAV avoidance
object, so as to obtain the UAV priority avoidance operation strategy. Finally, the fusion algorithm was compared with
TOPSIS algorithm. The results show that compared with TOPSIS method, the acquisition strategy of the fusion algorithm is
consistent with the airspace operation practice, and the sensitivity is improved by 17.08%. The algorithm avoids the data loss
of single algorithm and improves the accuracy of acquisition strategy, which provides a new idea for the acquisition of UAV

operation strategy in mixed airspace.

Keywords: decision-making theory; grey correlation projection; UAV operation strategy; cooperative game; analytic hier-

archy process; rough entropy; index system
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Fig.1 UAYV avoidance evaluation index system diagram
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AAEHR, W3R 3 AT LA Y, 4 R AN e e ) J PR 2 8 B Dk Al AR B TRD L G4 IR RS R AU S
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Tab.3 Combined weight of standard layer and attribute layer
F B LA i i J2 A (DW) e bR B JBIEEREDW) 2R/EHW)
JETFE(b1) 0.304 0.055
H R 5 R CB) 0181 T RS M (b2 0.188 0.034
e RN BE (b3) 0.298 0.054
Fe R AT (b)) 0.210 0.038
ilf 48 5 5] Cd ) 0.346 0.139
RS 9 (D) 0,403 ﬁﬂ%ﬂﬁﬁ%ﬁdﬂ 0.276 0.111
il 43 vh 58 Bl (d 5D 0.192 0.077
il 438 0L R % (d o) 0.186 0.075
H B AT () 0.045 0.012
HRALS Gr) 0.079 0.021
PUTAE 55 200 (R 0.266 RS (rp) 0.200 0.053
HwHEEMES O 0.275 0.073
HEMESH (rs) 0.393 0.105
T (o) 0.033 0.003
B (v 0.110 0.010
AT RSB EE (VD 0.088 B AN Cos) 0.181 0.016
R (v 0.289 0.025
JEE AN (vs) 0.388 0.034
KEAFR (g 0.156 0.010
SR PR (g2 0.350 0.021
REWE KM Q) 0.061 FHW A (gs) 0.299 0.018
=JEWEE (g 0.122 0.007
% 25 3158 (g5) 0.073 0.004
34 ZEFEMIEE

125 W E T AMLTE BEH & A B3k HArdh B, Jo AHLT B A6 B0 ZUB M B 42 Y 5 LA
AN RAT R R RAT A L DU A E AN [R))AT f AR L O Se 4 3 2 5 BE Gz AT SRS PR 4 4 RAT I BE . RIS
ML 5T 18 A AR LR L Bl B L 22 A Pk R PR A

S RUE (5 B 45 R B B L 2 IR 5K IR A ) & A e T IR A s s v S A R D ) B B
K EBUR B W SL A AT S AT R E IR AR U B B IR 4 FR

A4 B RATR RATH BRI AR

Tab.4 Index data of flight characteristics of each aircraft
ZH BT 5 AL W 38 32 i B L AL
R H H AT B BT 55 AT 55 e # AT 55
A% w0 B TeynEr T BB Btk
Q i 25 AR Py =57 ¥::5 LR i 23 BR 358 RERAR
bi/(m s 1) 7 280 170 26 210
b/ (%) 12 35 18 25 35
bs/(m s~ %) 3 12 5 4 10
by/(km + h™1) 270 2 000 670 750 370
d1/min 20 30 19 20 16
d s /km 140 900 200 220 135
ds 2 1 0 1 3
di/% 45 27 40 32 27

XI55 VA 0 A L O S s AT s B FL B R E B AR A B PR RE B RN ) o MRESERE RS J, )8 T
W /INELE AR RO BUAE AR ) 75 25 AL A B R B AR . I 45 b 808l R A7 0E 1) AR Ak BR S L 3 5 IE 0B AE H A
Yo 7O BRI 0 S50 1R R SR P B 28 AR v AL 0 IE S B AR DA R B R AT AR AL L S5 R T
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[1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000]
0.000 1.000 0.000 1.000 1.000 1.000 1.000 0.714 0.994 0.667 1.000
1.000 0.000 0.296 0.000 0.000 0.000 0.000 0.000 0.000 0.333 0.000
0.155 0.000 1.000 0.403 0.739 0.778 0.769 0.786 0.915 0.000 0.722
0.155 0.342 0.000 0.930 0.435 0.889 0.723 0.714 0.889 0.333 0.278
10.736 0.000 0.332 0.256 0.000 0.222 0.942 1.000 1.000 1.000 0.000 ]
[0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000]
0.000 1.000 0.000 1.000 1.000 1.000 1.000 0.714 0.994 0.667 1.000
1.000 0.000 0.296 0.000 0.000 0.000 0.000 0.000 0.000 0.333 0.000
0.155 0.000 1.000 0.403 0.739 0.778 0.769 0.786 0.915 0.000 0.722
0.155 0.342 0.000 0.930 0.435 0.889 0.723 0.714 0.889 0.333 0.278
10.736 0.000 0.332 0.256 0.000 0.222 0.942 1.000 1.000 1.000 0.000 ]
X 1E SRCBRAE AR 0T B AT A A B AR T 221D T AE OISR € B AR R RO B
[0.261 0.086 0.060 0.054 0.033 0.053 0.037 0.136 0.109 0.075 0.074]
0.083 0.073 0.019 0.046 0.028 0.045 0.032 0.078 0.092 0.041 0.063
p+ — 0.222 0.028 0.023 0.017 0.011 0.017 0.012 0.043 0.035 0.030 0.023 ’
0.092 0.028 0.051 0.023 0.020 0.033 0.023 0.085 0.081 0.024 0.043
0.092 0.035 0.019 0.041 0.015 0.038 0.022 0.078 0.078 0.030 0.028
10.154 0.028 0.024 0.020 0.011 0.020 0.029 0.116 0.093 0.064 0.023 ]
[0.261 0.086 0.060 0.054 0.033 0.053 0.037 0.136 0.109 0.075 0.074]
0.222 0.028 0.051 0.017 0.011 0.017 0.012 0.053 0.035 0.030 0.023
0.083 0.073 0.034 0.046 0.028 0.045 0.032 0.116 0.093 0.041 0.063
0.176 0.073 0.019 0.027 0.013 0.020 0.014 0.050 0.037 0.064 0.028
0.176 0.047 0.051 0.018 0.016 0.018 0.014 0.053 0.037 0.041 0.043
10.100 0.073 0.033 0.032 0.028 0.033 0.012 0.043 0.035 0.024 0.063 ]

MRPG“2. 47T b B A58 6) M IR DB B IK O B i L C) M A E C, eI S al 1 g X
(24) RS IE BRI ETEN A4 S, MRBE ¢ . FEAIBE L 5 Frns.
A5 B TRATE AT T EIKIE L 5

Tab.5 Analysis of subjective and objective data of flight characteristics of each aircraft

KAT ER 2 Ci Ci S; /%
EHET 0.190 3 0.227 9 0.410 8
5T AL 0.229 9 0.198 9 0.571 9
o3 i3 L 0.175 0 0.210 3 0.409 2 42.69
L 0.168 9 0.207 3 0.399 2
T AL 0.235 9 0.155 7 0.696 6

WA fc 2 H AR I 255 VEAN 1543, TC A HLaBE LA 5632 17 56 s Ry B S 38k L0 22 F JE A BL=> 5T < #L > 3 F &
Tl s L => & WL %R P is AT RS A T R R WS bR 5 & 0 A i 2R A AN 4
TR R R
3.5 5 TOPSIS EiXHytLig

7RG S TOPSIS Sk 1E KBS 17 SR W Iy T80 1Y D0 B, 2 Rkt 3k 4 B 1705 5 1k
B, TR T ARAIE 2 R 0 RT LM L RE BT AN 48 A5 B A 2 S S QO R B 4G ACE . e 2 R
B 255 PR A543 L R AECRE FBELE A S8 1T SR MG W3 6 N 7 B,
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k6 TOPSIS i k5 st 7 ik 8 45 R 3f 1
Tab.6 Comparison of results between TOPSIS method and the improved method

s (g R =R TOPSIS #:
AT s, R % 5 S
EH BT 0.410 8 0.529 4
LN 0.571 9 0.452 1
38 32 i pL 0.409 2 42.69 0.442 0 25.61
EHl 0.399 2 0.428 7
T AL 0.696 6 0.576 3

R 7 2 A H kIR AN Sk K 2E 5 4T R0k 3 B

Tab.7 Comparison of UAV avoidance priority operation strategies obtained by two algorithms

LS IR Yo d — - = i 5
TOPSIS 3% TERHTAML A E T 5Tk AL 3 IE L EHL
TOPSIS- KRB L ERLAN RN BN AN 38 38 H HL L

&6 ATLUE N, B AN 12.69% , TOPSIS B R Uy 25.61% . B4 808 10 & G 18
T 17.08 %, BRIV A 50k 0T B bR ¥ 22 8] 04 DX 43 B B R, ] LATE iy o b AR ISR W . 23R 7 h T LU Y 2 Fh
AW TC ALk L PG 5832 17 36 I 3 A — B, 3 3¢ B 3 o 4 2 TC L3RR L1 T A 1A FR AR BCAY TG N B 1 AR
SEIB AT R WS AT R A7 0 0E M s TOPSIS 2 3R HORE L 5 45 9% — A3 B AL 1 5 0 30k R BBk 1 AR 4 5%
P RHEHAL, R T ARG 25 S R DR X 2 B vk AR IRORE s AR R B R AT A A, WL 8 LB 9

8.00
0.07
7.00
0.06
6.00
0.05
5.00
0.04 %
2 . 4.00
§ g
§ 003 300
0.02 2.00
0.01 1.00
0 0
A
$ \
& &
RATERE RATERE
B 8 TOPSIS # 3k BUR w37 4 4% B9 akb Ik R R wk T AR
Fig.8 TOPSIS method for obtaining data before strategy Fig.9 Fusion algorithm for obtaining data before strategy

HTIET 8 FIEL 9 Xt AN XE A B . B AR WAL JE 181 A 335 A B8 (E AN (7] (2 TOPSIS i AE A 38 LT+ HILE L
B3 B, O 4 AR AR IONEAT AN . BRI — 1Y TOPSIS 77 1k 78 4K BURE L1 £ 56 32 17 5% W B 77 76 B3040
R BLGE T A Bk B SR AR O R AR AR IS JC B B L e TR SRR B B e S A

S SCORE B (4 5 40 S I BERE 1k L 2 T8 AL L S s A IO T L AR LU T AR GE B AR AR AT A% R A
5 JBE DR /NG A L1 SR 19 7 1 L FE A L PPN SR AR R R b N R T RIE AR X A S R R L 3 7B I T H
Yy 1 B PERE AT A 55 2800 LA B AT SR B UG PR T A A o L xfE ) A B B4 R ) T 45 RAT 5 A0
SRR D0 5 38 o 2 O A vk AURLRE AR 35 2R AT 32 50 SUIRCASL , A1) A0 1 5 4 e g 2 AR e/ L s o 807 B 2 B A
L 45 S TS 7 YA S R T A 2 UL I S A KA /0 4 ) R G TOPSIS R 8 SCH23 BT L Ok B
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PO RS L B T R BB RIS B T AR IR Y v P BT AR T A 3 T A S TR st
JRAB IR AT B T AR A TC AL R AE I 8] A AT S8 Skt i S BJC AR TR 28 P i 28 2 30K AT .

ARSCAL G 7 TC NALE LA ST 47 5 W A4 28 007 %, (H B Y sl 1 AL 20 SR 5 22 ik — AP IR AW ST, e

Hb L To AALEELE PPN R 208 75 A W S B 58 3
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