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Abstract: By combining the entropy weight method, the
analytic hierarchy process (AHP), and the technique for
order preference by similarity to ideal solution (TOPSIS),
a multi criteria decision-making framework for evaluating
pilots’ competency is proposed. First, based on the
research of pilot competency indicators framework at
home and abroad, an evaluation indicators system for
pilot competency is constructed. Next, the entropy weight
method is used to weigh the core competency indicators
of pilots. Then, the AHP is used by experts to weight
psychological competence and

style competence

indicators, and an integrated weight indicators system is

WeAs B . 2022-07-18

S—EH: # 1982—), WP AR, B IRAA L, RS 1) R P R AL e S A 5 R

IS Tl TR, E-mail: gedzq@163. com

EER : EEA(1997—), 55 AL, ERWFE )7 0 B RS 5 Tk T# . E-mail:pbd0101@163. com

established. Finally, based on the weight of evaluation
indicators, the TOPSIS method is used to rank the pilots’
competency. The feasibility of the proposed method is
verified by applying it to the competency assessment of

airline pilots.
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Fig. 1 Hierarchy of pilot competency evaluation de-

cision-making
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Tab.1 Score of nine core competency evaluation

indicators for pilots

b

P11 P12 P13 P14 P15 P16 P17 PI8 PI9

89.07 88.58 88.75 88.90 88.61 82.24 82.72 81.76 81.86
89.06 88.60 88.73 88.90 88.63 82.2 82.68 81.67 81.83
89.04 88.57 88.74 88.87 88.60 82.16 82.66 81.61 81.78
90.42 88.66 90.06 90.27 90.04 82.74 82.00 81.34 83.54
89.55 89.55 88.57 89.20 89.37 89.09 83.15 81.17 82.38
91.07 89.58 89.75 88.90 91.61 84.24 82.72 79.76 81.86
88.09 91.61 85.98 87.83 86.75 82.58 83.95 82.05 79.78
91.04 88.58 89.73 88.27 88.37 83.24 85.27 84.95 82.86
92.42 89.48 90.75 86.90 89.61 82.24 79.72 84.76 80. 86
93.55 91.58 87.81 91.38 88.37 81.78 83.00 81.95 84.75
96.07 90.58 88.75 89.25 90.61 81.24 82.72 79.76 83.56
93.06 91.60 89.73 88.72 89.63 82.20 83.68 81.67 84.83
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Tab. 2 Standardized score of nine core competency

evaluation indicators for pilots

e e

54 0.30 1.00 0.00 0.59 0.13
0.68 0.99 0.38 1.00 0.33 0.07 0.59 0.42 0.98
1.00 0.66 0.58 0.52 0.79 0.00 0.54 0.00 0.75
0.62 1.00 0.79 0.41 0.59 0.12 0.71 0.37 1.00

0
0
0

37 0.00 0.79 0.31 0.33 0.25 1.00 1.00 0.61
0.00 0.96 0.21
0
0

EEZ P11 P12 P13 P14 P15 PI6 P17 P18 PI9
A 0.12 0.00 0.58 0.45 0.38 0.13 0.54 0.39 0.41
B 0.12 0.01 0.58 0.45 0.39 0.12 0.53 0.37 0.41
C 0.12 0.00 0.58 0.44 0.38 0.12 0.53 0.36 0.40
D 0.29 0.03 0.8 0.75 0.68 0.19 0.41 0.30 0.74
E 0.18 0.32 0.54 0.51 0.54 1.00 0.62 0.27 0.51
F0.37 0.33 0.79 0.45 1.00 0.38 0.54 0.00 0.41
G 0.00 1.00 0.00 0.21 0.00 0.17 0.76 0.44 0.00
H
1
J
K
L
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Tab.3 Pilot core competency evaluation index in-

formation entropy

p11 P12 P13 P14 P15 P16 P17 P18 PI9
0.88 0.75 0.95 0.93 0.94 0.82 0.95 0.88 0.93
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Tab.4 Weight of pilot core competency evaluation

index

p11 P12 P13 P14 PI5S5 P16 P17 PIS P19
0.12 0.26 0.05 0.07 0.06 0.19 0.05 0.12 0.07
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Tab.5 Judgment matrix A, of target layer O and

decision layer C

PIRIZC C1 C2 C3
C1 1 2 3
C2 1/2 1 1/2
C3 1/3 2 1

3 ARG LR 3 W B T A e v
B E A AGE , T — SRR . TR,
AT UG B O BEAT 3 C1 LD R AT 77 C2 R XU
1197 C3 B A XA F A — Ak J5 A 53 51 < 0. 54



5% 12

5 T — 2RI TR 25 AR IR S 15 1R AT 5UMEAE P 1987

Fx6 RKREC25IIREPHIFIEIEREA,
Tab. 6 Judgment matrix A, of decision layer C2 and

index layer P

TRFRIZP P21 P22 P23 P24
P21 1 3 1/2 1/4
P22 1/3 1 1/4 1/5
P23 2 4 1 2
P24 4 5 1/2 1

R7 RRECIS5IEIREPHFIEIEREA,
Tab.7 Judgment matrix A, of decision layer C3 and

index layer P

TRbRZEP P31 P32 P33 P34
P31 1 1/5 3 3
P32 5 1 7 5
P33 1/3 1/7 1 1/2
P34 1/3 1/5 2 1

0.30.0.16. ¥ W40 4 A, 19 5 KB HIEAE A=
3.009 203, — &5 % C,=0. 004 601 5, R=0. 58,

C=0.007 9o 3ZEMEAT: J7 (A A XA R B R B, 7E
X RAT B B O IEAT S A TR I, B R B E Y
B RAT BB OD AT (R R 0. 54) , H O
FEAT 3 (AEE 47 0. 30) , fieJ A2 VE KU AT 3 (RLEE
0.16) FIWIHFE A, B KFFEE =4, 237 129,
C=0.079 043, R=0.9, Cx=0. 088, ##i& 1| 1 &%
B AT AE - A D BEAT AR R 2 M
L AN 0. 625 FREAE 7 0. 21 By FEA LB
AE 7, T B / SIV R R 75 100 0.0 BB 46 s A 4
A 0.07 A0, 11, 0 W7 FE AL 19 e K FEAEE
Aww=4.152 331, C=0.050 777, R=0.9, Ci=
0. 056 TEAERUEAT F1, RATVERRE A TR AU 2
BERE R R R AU 4300 0. 40 1 0. 36, Hk 2
YRR, AT KN A 0. 17, 11 H H A E A 3
FT AN AR 0. 07,
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Tab. 8 Relative weight and total weight value of decision layer and indicator layer

HirZ e )2 S e FRhRIZ FRPRIZAE AT
RS A P11 0.12 0.065
iz P12 0.26 0. 140
V58 P13 0.05 0.027
WA A SRR P14 0.07 0.038
BT 71 C1 0.54 AT AN TR HE P15 0.06 0.033
S 5 G 1E P16 0.19 0.103
(] R 5 5K P17 0.05 0.027
HRERSELSHPIS 0.12 0.065
RAT B B SLIEAT J7 PP TAERMASEE P19 0.07 0.038
FEALOHRE S P21 0.21 0.063
N A . AMAEEEE T P22 0.62 0.186
D FEAT 7 C2 0. 30 I/ i D23 007 0 091
HEENG P24 0.11 0.033
JIZRAER P31 0.17 0.027
. H# AR P32 0.07 0.011
PEMRERE D C3 0-16 RATERLP33 0.40 0.064
BRI P34 0.36 0.058
XA 4g b 0 A AT 0 —fp Ab B AR BIAL EA I E s

W =(0.06, 0.14, 0.03, 0.04, 0.03, 0.10, 0.03, 0.06, 0.04, 0.06, 0.19, 0.02, 0.03, 0.03, 0.01, 0.06, 0.06)"
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Tab. 9 Pilot competency assessment

-

151 P11 P12 P13 P14 P15 P16 P17 P18 P19 P21 P22 P23 P24 P31 P32 P33 P34

ity
A 89.07 88.58 88.75 88.90 88.61 82.24 82.72 81.76 81.86 95.06 76.50 84.84 86.19 78.12 94.87 86.77 80.14
B 89.06 88.60 88.73 88.9 88.63 82.20 82.68 81.67 81.83 77.69 89.97 94.24 79.20 87.20 89.33 90.65 89.65
C 89.04 88.57 88.74 88.87 88.60 82.16 82.66 81.61 81.78 84.06 78.14 96.54 94.03 84.82 91.83 92.98 87.94
D 90.42 88.66 90.06 90.27 90.04 82.74 82.00 81.34 83.54 83.33 96.99 92.53 92.43 91.72 80.21 84.42 81.62
E 89.55 89.55 88.57 89.20 89.37 89.09 83.15 81.17 82.38 75.58 84.95 92.45 79.55 80.77 87.27 76.72 83.71
F  91.07 89.58 89.75 88.90 91.61 84.24 82.72 79.76 81.86 91.74 91.82 77.43 86.42 81.80 77.24 85.26 90.42
G 88.09 91.61 85.98 87.83 86.75 82.58 83.95 82.05 79.78 77.22 87.88 87.91 95.44 82.33 94.25 94.19 85.55
H 91.04 88.58 89.73 88.27 88.37 83.24 85.27 84.95 82.86 81.65 97.06 82.07 92.16 79.84 82.01 94.65 88.94
1 92.42 89.48 90.75 86.90 89.61 82.24 79.72 84.76 80.86 84.76 76.79 84.13 84.51 81.42 92.72 79.99 96.10
J 93.55 91.58 87.81 91.38 88.37 81.78 83.00 81.95 84.75 81.24 75.79 89.99 89.38 88.60 94.92 75.70 88.45
K 96.07 90.58 88.75 89.25 90.61 81.24 82.72 79.76 83.56 80.45 75.26 77.69 87.74 75.96 95.45 96.22 76.78
L 93.06 91.60 89.73 88.72 89.63 82.20 83.68 81.67 84.83 97.09 78.92 82.82 76.05 82.99 81.34 78.43 81.30
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Tab. 10 Pilot competency with weight value assessment

K

i Pl P12 P13 P14 P15 P16 P17 P18 P19 P21 P22 P23 P24 P31 P32 P33 P34

Eitn
A 5.77 12.44 2.40 3.36 2.87 8.44 2.23 5.30 3.09 599 14.23 1.78 2.84 2.12 1.06 5.55 4.62
B 5.77 12.44 2.40 3.36 2.87 8.43 2.23 529 3.09 4.8 16.73 1.98 2.61 2.37 1.00 5.80 5.16
C 577 12.44 2.40 3.36 2.87 8.43 2.23 5.29 3.09 5.30 14.53 2.03 3.10 2.31 1.03 5.95 5.07
D 5.86 12.45 2.43 3.41 2.92 8.49 2.21 527 3.16 525 18.04 1.94 3.05 2.49 0.90 540 4.70
E 5.80 12.57 2.39 3.37 2.90 9.14 2.25 5.26 3.11 4.76 15.80 1.94 2.63 2.20 0.98 4.91 4.82
F 5.90 12.58 2.42 3.36 2.97 8.64 2.23 517 3.09 578 17.08 1.63 2.85 2.22 0.87 5.46 5.21
G 5.71 12.86 2.32 3.32 2.81 8.47 2.27 5.32 3.02 4.8 16.35 1.85 3.15 2.24 1.06 6.03 4.93
H 5.90 12.44 2.42 3.34 2.8 854 2.30 550 3.13 514 18.05 1.72 3.04 2.17 0.92 6.06 5.12
1 5.99 12.56 2.45 3.28 2.90 8.44 2.15 5.49 3.06 5.34 14.28 1.77 2.79 2.21 1.04 5.12 5.54
J 6.06 12.86 2.37 3.45 2.8 839 2.24 531 3.20 512 14.10 1.89 2.95 2.41 1.06 4.84 5.09
K 6.23 12.72 2.40 3.37 2.94 8.34 2.23 517 3.16 507 14.00 1.63 2.90 2.07 1.07 6.16 4.42
L 6.03 12.86 2.42 3.35 2.90 8.43 2.26 5.29 3.21 6.12 14.68 1.74 2.51 2.26 0.91 502 4.68
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Tab. 11 Comparison of pilot competency evaluation
results between entropy weight-AHP- TOP-
SIS based method and entropy weight-AHP

method
MR —AHP—TOPSISBEIEAN 7 WA —AHP i
- % Fik
AT I e

D D C ﬁg‘ﬂ‘ HER
A 11.00  6.49  0.37 7 84.10 11
B 7.64 8.77  0.53 4 86.45 5
C 9.73 7.51 0.4 6 85.18 6
D 6.70  11.00  0.62 2 87.98 2
E 10.36  5.92  0.36 9 84.83 7
F 6.35 9.58  0.60 3 87.46 3
G 7.94 8.80  0.53 5 86.55 4
H 6.01 11.68  0.66 1 88.67 1
I 11.03  6.26  0.36 10 84.42 9
J 11.83 571  0.33 12 84.22 10
K 12.34  6.56  0.35 11 83.85 12
L 11.02  6.39  0.37 8 84.68 8

51 A A — AHP—TOPSIS £ %1 3F- 4y HE 7 He
W—AHP RSN HE P LT T 44 L5 3 EFE
XK, AT B B UK 2r 5l BT 1 44 T RAT R E
G LIWHEFAPT T RE . WA—AHP BB 21
THEPE AT R ARARAE , R PRARE A A TR, 1T
A —AHP—TOPSIS APk T B IPRE AR
554 SRR REAR ] R A X A T HE Y, B
Hep ik BErP A T ST AR R s R B R A
SEBR . B R MAL—AHP—TOPSIS
B () HE P S 7E — 5 1 2 ) o B B A A, 1
PR RO o HL A et . R IL, A —AHP—
TOPSIS #5 A B AR IR AE AR RS = 2 WA 7 1245
AR T BRI , 76 AT BT SR
AL
2.2.4 TFMER T

MAFH 25 ok F L 78 17 NP 5 b, M AR
FE M P22 BALEE S e, IR PR AR Hh B R AT il it
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HE22 56— /AT B HAEZ TN rh A0 fe i , Tl
LA HER R 2 4409 AT BT RN KAE IR 15
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(350 7 22 0] LB % AT 5L B AT 1 IX 4y
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YERUIEAT: 3 v %) P33, 33t 156 BH Hp [ B Jmy 1E AE T
1) AT 51O B REAT 7 A RUEAT: T 53 02 3
T FE L HA RO OEREM SR D
TRATVE R 2238 N 0 A2 2 2 A 1 25 T RRI O IX 43
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Tab. 12 Variance of pilot competency indicator evaluation results

P11 P12 P13 P14 P15 P16 P17 P18

P21 P22 P23 P24 P31 P32 P33 P34

0.023 0.031 0.001 0.002 0.002 0.044 0.001 0.010 0.003 0.195 2.401 0.018 0.042 0.015 0.005 0.226 0.097
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PER) AHP 2% , e 245 2038 bR IR 2R DA HE B .
R4 L X AN R 48 BR 09 4T 43, 53 591 SR FH @A —
AHP—TOPSIS £ FUE AL —AHP # B S 17EA
XA T PEM A5 2R . iA—AHP—TOPSIS #5:4
REASET XTHE PRI 2 10 LA EE DX FH 2 RIS N 3=
SEIAAT , T F B AR R A fin 5 38, PF-pr 25
X LB AL —AHP—TOPSIS #6551 454 52 b
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