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Threat Assessment of Manned/Unmanned Aerial Vehicle
Formation Based on QABC-IFMADM Algorithm

HAN Bo-wen, YAO Pei-yang,ZHONG Yun,DING Yun-song, LIU Zi-zhen
(Information and Navigation College ,Air Force Engineering University ,Xi’ an ,Shaanxi 710077 , China)

Abstract; Under the condition of information technology , there is a high degree of uncertainty in the combat environ-
ment of manned/unmanned aerial vehicle formation;so how to evaluate the threat of targets quickly and efficiently becomes
an urgent problem to be solved. In the framework of intuitionistic fuzzy sets, researching the satiation that decision makers
with preference information on alternatives,the target attribute value is interval number and weight is unknown,a threat as-
sessment method with unknown attribute weight optimized by QABC ( Quantum Artificial Bee Colony) optimization algo-
rithm is proposed based on IFMADM ( Intuitionistic Fuzzy Multi-Attribute Decision Making ). Firstly , preference model is
constructed ; secondly , the optimization model of optimal attribute weights is established considering the objective optimiza-
tion taxis and preference information of decision maker synthetically, making attribute weights more reasonably reflect the
actual situation by QABC optimization algorithm. Finally , the effectiveness of the proposed method is demonstrated by an ex-
ample of formation threat to ground attack.

Key words: manned/unmanned aerial vehicle formation; IFMADM ;air-to-ground attack ; threat assessment; QABC

1 3= F-35 26 WL 0 J6 A HLG B, S5 B S L™ 1 R I
HEA" . LT ULAT /T8 AL 4 BAFE R A A ok —

AN TG A SAF R AR AR T s oy Bty o8 28 1 0 X T A 7 o o D o
I3, TBU AR C RTEAIORBITE, TRIAG — SIS L O A2 T IR AT 30 R o
RGTORR 2016 4T A 1L H RPN HOEIR g 4 i e 4 (6T BRI, R A A T AL S
PR AURHURS 18 PP S ~ 10 e MBI o0 gfe o s S my S SRR, TR, 0 4 17 5 4 24
O TE LR T B AR 0 5 (B 8 L F22 R0 it s AR B e 0 1B B e o, 2

Wik H #1: 2017-03-25 ;4% 0] H 11 :2017-06-25 ; TiAE 2w : PNEE:
HETH K A RFLEH 4 (No. 61573017)



07 W FHI S HET QABC-IFMADM 5535 94 A/ JC A KL 2 BAAT: (OB il 1585

— A B IRV 5 IS AR R S ) R

JRIBPEA AL T DL A5 B Rl A A AL Y 55 = 2 B e 3R
e, HIRE I A 7 %68 36 75 440 J80 gl 114 E g A1) e
TOT AT RERIA TS B Yk — G Bl T — S S
(ESE I (SVSE TN el RSB S B S R U VA S 1
JRE BE R PR AR B 2 R 4 T i L DL I I 4%
D-STEHa RIS i 28 90 s BRI HE R | 22 J ok ple Sfe 40
XoF SR PEAG R R B R A R AR, — R T 2 H R
FIPEAR , 7T B8 A £ ( Intuitionistic Fuzzy Sets, IFS)
5 Z @ Pk g Ay e

AN/ TE A BT b gl o PE A7, 75 2R T 2 4% Ik
s R DN b T M £ S, TS [ A% Jeets DY B B PR E
HMRFREE S PR 52 e, I R B B R PR AR B R
AR SERENE AN PE 5 [l I e SR 2 0 2 AR A AR iR 28 T o)
ST B T LR AT T, A sk AR e R g AR Y
b BT ZEAE T, 1 415 B A Bt B SO
JETE A, UL, e ot B b A5 BBk = 5 PSR 0
i G T B A P A BT IR M 10 54T
ARG 2T B AR E.

FH UG AT O, A0 Ao 3 SN i o J PR A B AT RN
SRR, AT R R UM DA RS A R, S HEAT UM O
AR O B XTI B0 , A SCHE B B A e P15 B Aok
SR S5 JEL VR S SR X [0 50, R FH 9 1540 46 v 1 S
JaR B AR SR R AN B 5 O 2 1 X b AN 1 e, LAV
MBS 5 P 3L 0 3 0 R 22, 4 T A AR
AR B TR i 1 A5 8., R i N R
1) PE AU TE (9 B o B 2 )& Pk P R U7 i (QABC-
IFMADM) fif e A N/ J6 N L G A % b 0 5 gl Jo F £
[] .

2 HREMZBEMHRERAZE
2.1 ESHRHIX 8 556 B

EOBORI S S5O AR A L, BB 28 B R — A X
[ 7R i, 3 1 — A SR & B eh B, IRl - 3k
AL o BOBIMES" , e W] i Fon S @ B AR SR s
FERILERBEE =07 A5 B, LU 4R T8 ol o b SR AE A
B A5 5L, 2F T BE o 20 i s 221 i 00 e S %) AR R
ZIK}B\%[“]‘

X1 BES=1s,5, s, HITRE JREH
T 7 P LU, AL D (B B B R = [y ], D
ry= g, L=y ], (0, = 1,2, n) . w, RN PR E R T7
Fos, Ms, AT ORI 2% s, MORRIE T v, RN DR
% s W o =1 —u, — v, FRIOREWINGE. %
m;el0,1],0,e[0,1],0su, +v,<1,(i=1,2,,n3j
=1,2,-,m) JUFR R g B AEAEM X [0 B b

DX T B30T A Ay e Bk 1) AR 0, 7 AT RSO ke SR

2 e G e A P X ) 8R4 LA A DA X T 8RR
S PR SREZE R RBOM HE Y ] AL
2.2 XEHEFERERMERIELLE

AR H b T 45 e (A 2 — DX 1E) 9 AR AR FR R
A BT &5 B B 58 B0 DX T RO R [y ], = Ly 1 =
Vi Lo s W EAERYF 2678 B AR & PR 18 A (E ) A2 ALV L I
B Y BE B 4 25 IR X A B FE A = [0, ], K
TR I R (L X, R [y, a ], (=
1,2, nsj=1,2, -+ m) , ALY HLRE A O BLSE A X (8]
Bow Ak B bS8 P8 AR E PEAT MLIE A 40 3, WA 4 R
LT

LY ETRILE LT

BARIFERF :
1/a;
/"Llj = V. =

n ’ v
IS (174))?
i=1

2.3 EREWXEEHER
% FE I A X 52 P R A I e
S JTIE 5 5 R A 2 2 WL SR, T 3 IR — Oy 259k
1 g B3 46 4 DX T (8 HE P 7 . A8 25 2% 1 3 P
BS) Sy AR R AR AR A 3150 43 A B AL AR S5 A 5
B P(A) =1/ | A | AT SRAF A 05 22 0
m(A) = (u, + (1 -v,))/2 3)
T(A) = (u, = (1-9,))/2.3
2.4 FRREE
S X 7 B R A5 RS B 20 0
X, M 28 BT <7 E X 5 58 I P K% MU 1 B AL
LR b 2 e 3 7 S R I A7 5 T R T )
VT B RS B U AT R, 4 T
i 5
RN 2 Yo 7 S A R e S BRI 5
5 R VEAE AR 9 TR AR 0

d, = 0'2 rio; (4)
izi

Forbd, SR | BT SRR AT I s e [0,1]
P RUR B , AT AR 9 e B8 0 U B A A 1 R
B CRJH FHW 35) 3, 055 i o5 & F R BRI AL
{8 30, Jo B HEAL

U B DR, £ PR R 26 0 22 %
7R T W RAT. EA g 4 P 1 BB N
o, (0,e[0,1],g=1,2,0) , Hr Q HRFLRH N
B R A R R AT, 7T R X 2P 2 X 4 07 2
F 2 i 1




1586 H, ¥

I it 2018 4F

o 1< m
d, = 62 o, T, (5)

g=1 j=1

2.5 BHNERMUER

BEXT H b S 1 45 b A X 8] A2 A, 8 S7 PO
XA 45 PR A G A L. 5 s SRR X A] A
R 5 AR,

EX 3 BHLTE AL AR X ] B B R =
Cry L inomy = Loy » 1= vy 1A R H A T 5 4 X R 2
WH ey =yl = Ty =y L+ (U =2) = (1 =) [, FR
dCr,ry) = e, = ry |0 e S B PG 2 7, 15,y B0 B
.

EX 4 WAL AL B R X F] R B R =
(7 ] » B SR PEBRAEE

=l -],

,u,j+ =max§/_Lij.+ =12, n;j=1,2,---,m},

1 —1/!+ =minf{l —V; =12, n;j=1,2,---,m},

XEFIRYE Py, O AR bR S FARE B 22

D(w) = id%r,,,r;)w_? (6)

Hop d* (ryyr ) o) R EA8ARE S BRAR IR 12250 FE Y
JIAF-J7 .

FSUEE A 1) St AR S 7 A 7 SR B 1 s b (B BRAR
S 1Y SV 22 B /DN, ST 7 T W S B Y e A R G
FERIRIM 1 ;
min P (@) = Y D(w) = X > &(ryr))w;
M1 . = et

s. t. ij =l,w;, =205 =1,2,-,m

(7)
[, BB R K H EMERAAERKHH —EHRT
PR T A WL (AR AR AT A 22 1, D i B R B AT 5 3
P e PAAS R 1 2 IO 2 SR 3 R e 5 % L)
PEAEY G I 22 B /D, 3 57 2% B8 R SR i e £ 6 1) s 1
FCE AR M 2.

min P,(w) = z Zdz(rij,di)w?
WI i B (8)
Zw =l,w;, 205 =1,2,--,m
=1
CREMI M 1 FIEEY M 2, A3 40 R XUH fr R SR A
M3:
min P;(0) = [P (w),P,(0)]
M3-{ n (9)
s. L. Za)/. =l,w;, =05 =1,2,--,m
i=1

HRIFERE BT M 3 R LM IBGE R R M 3
LRGN BRI

M3: = Z]‘ > [ad’ (rj,r] ) +ﬁd (rj,d”

st Y w =lw =0y5=12,m
=

a+pB =1

(10)
A (10) o, B T T PRI AR BY L R B, 2 o
=1,8=0 B}, BERIRN g M 1, BLAdaf o o A 1Y 5
DT P AR ) 2 A 52 = 0,8 =1 B,
REAURISA M 2, b B 2 S PEA AR 1) 5 s M AR R 3R
H w5 B ERAGE s 747 o, B e (0,1) , BETIM 37
JE J8 MR L 1% AT [R) B s e 3 2 LA

3 ET QABC HiZmIMNE A ik

P CTIERESE - RET R Y b FRER REIIL
R, B sk o P S AN Al HeR AL
X BRI O BT A, T 1) S B foe I R
AR PR AR DS B e o7 P S5 e 6. Tl B4

s [ R 07 AT AR AR T LU AR R
AT

N cos(0,) | |cos(B,) |- |cos(8,,)
Bee_posmoniz[ sin(0,) sin(@,) | -+ |sin(@,) ]
(11)

KD H, 6, =27 xrand (), (i=1,2,--,m;j=1,2,-

n) m J BRI, n i s IEJEI’JQ’E’;%I QABC %ﬁ{f%?ﬁ
TR [ - 11 35503 0 (P i 1) e 2 i
Fran T et .

X, :%[b,(l +cos(6,)) +a,(1-cos(6,)) ]

cos(6,)
o)

—
sin ( 0; ) 1

X, = [b,(1+5in(6,)) +a (1 -sin(6,))]

(12)

K (12) [ cos(6,) ,sin(6,) 1" T N T8 i 15 j itk
FAL; X, X R 25 NN AR AR sy, b, RS j AEAS R
RORAE S e/ MA.

AT A
cos(0,(t+1))
[anco,ci10)

cos(AG,(t+1)) —sin(Ag;(t+1)) cos(0,(1))
:[ﬂn(A@At+l>) cos(Af;(t+1)) ][an(egt))]

cos(6,;(t) +A0,(t+1))
:[sin(oij(t)+A0ij(t+1))

(13)



07 W

FHI S HET QABC-IFMADM 5535 94 A/ JC A KL 2 BAAT: (OB il 1587

LT £ SR ol e R AR T A
AG;(t+1) =A6,(1) +¢,(AF,)
27 +6,-6,,0,-6;,< -

A9, =]6,-0;,, -m<6,-0,<m (14)
0,-0,-2m,0,-6,>m
SR E A

Bee _position,, = (cos( 8, (t) +A0,(t+1)),
--,cos(0,(t) +A0,(t+1)))
Bee _position, = (sin( 9, (¢) + A0, (¢ +1)),
-,sin( g, (t) +A0,(t+1))) (15)
HG IR R e BB, AR SR
P, NEA R ERENLE rand € (0,1) ,#5 rand < P, , ]|
%Mﬁﬂéw%bﬁg¥uA AR BT AR
FRAE
0 1qrcos(6;(t)) cos(m/2-0,(1))
0] [ sin(9,(1)) ] - [ sin( /2 -6,(t)) ] (16)
QABC FE X IR PEAL B £ SR Y Akt 7 G 1
PR,

WG R YR

v

‘Mm@mcﬁ%N@%éﬁﬁﬁ%@‘
v

| AR B R |
v

| UMEMQABCHEEHRSY |
v

‘%m%ﬁ%TEMWﬁﬁ%ﬁME‘
v

\ FURR (12) SRR At F—

v

\ RS (100 JH A TR \
v

| F A |

44<if/%ﬁiﬂﬁ%ﬂﬁ —
= T\‘v/

[ ER0y-aD misAGE |
v

‘mﬁﬁ<m)QQEM$ﬁﬁ¥ﬁ }—
\ R B \

1 QABCHEEXT @A LR AR AL il B

4 EF QABC-IFMADA {4 B #REi TR

4.1 BT R
W S FRIET 2 BA KT Hi AR il 5% 35 24 BA 1A F- 15 8] £

PIpA], 2T QABC-TIFMADA F) 25 BA X 3t 2 o sl ol 3£ 45
FAE 2 B, 2 BA N TE AHUR AL A% TR g 4 &ﬂi%
FARMS S P25 TEABLERAT I 15 B 5 AR 15 S
LR GE AR RFR AR 21 NRALT- & ﬁﬁﬂuﬁ
Ja ;38 5 R B A 2 A PN 3 2% 0 AN HLAR 38 I 7 K
HRIES A S RGBT, SRR & A B3
P DL I B A 45

N UAV N
* 4 *
- Nk
& § =
5 5

(e ) ( tsmnn )
N / N /

CFA&ﬂ@ﬁ@ﬁMuﬁﬁﬁﬁﬁMW%ﬁﬁﬂ f)
Im\ 1-

EFE RIS EFE RIS

BRPPAEEER ) e AR EEES

2 FEFIFMADA ) G BAXT 2 o UM eFAy 2254 121

AR EaA %Y, 2L T QABC-IFMADA 14 A/ JC N
BLZ BAXT LV B DAl i A BR AR

(a) BPHEPESE PRI M (5 B R U 5 T8
BT A S A A 5 114 J P4 .

(b) BRI Ak o PR AR A A A B X6 AR G J P4
P SR TR b B, 4R 3R X ) BT 5, AR
PR GRS SCRR T 14 1o 2 1R & 1k e 48 oy [X 1] B0p
2 Pl X T 5

() FIAIZCT) (2) X X1 RO B A 5 LS A AL B

BN E SR X R B0 R=[r, ],

(d)ﬂﬁiﬁf(b')?EX%H%E%%H%??%E‘JEW%
b

(o) WE A TR PEPLAR L r,” 3% MRS (6) TR P4
i PHAR (R A i 22

() AR (10) 5 Foe L J PEACE.

(g)idil ¢ = Z ryo; WHE B ZE SRR AME €.

(h)ﬂ:‘”}fﬁ—t(3)$'f‘t/ﬂ‘ B PR, I AR 25 R AT
HAR B HEF
4.2 ERMTMEMEREIRRE

TEAT N/ TCNHILE BT 3t A £ H s BB A o, el
TARER B =, S REAR I i 2 92 19 1 i (5 B AT H
PRERN PR B AARAS ARG W0 1) H AR5 8, 32 107 540 7 H




1588 H, ¥

EE ¢ 2018 4

PR

SO MU TAT L30T 2 A B B8 ) Ml PR 3R )
FERET R (for) HEENR (fir)- e AT NN R
(foo) FREHNER (fir) . Hb [ B0 AR (fr)  H
FRECHRICRCR (foy) AR TIRRETT (foc) TEAMLIT
T EMEETT (fise) TR AMLBETE [ (frcn) 3/ 15 H
PREEES (frp) TCABLARS HAR CATEEE (fiy) EARL
FXH EAR AT BE (fonn) sfn B0 - HARAE SR (frer)
FIARE A S5 5 (fren) ~ AR BB ERITE [ (frne ) H AR EL
FIRHKA (i) -

MR 2 R PSR 10 & PR AL m R 3R TR R o
VLIRS E R o, HARRR (f) BTk
AEST (foo) TCAHLIT i B RE ST (frse) - AR AR B IA
(frer)  BFRE A AF L (fren) « BAREFR K (fir)
TRV, M0 ARSIl (fry) TEAPLE T
Bl (fyer) ~ AR BEES (i) IC A HLAR X H AR QAT 3 B
(o) TCABUARXT H AR AT 8 (fo)  H BR TR B 4R 0
T (free ) B8 T IR
4.3 BT EEERELE
4.3.1 f5irEN

AR (frr) HARTIREEST (foo) TEAHLIT i
WHEE 1 (fuse ) - B AR AR ORI (fre ) o BB R4 55 2
(frew) ~ HAR IR TRMAE B (frne )« H AR BT LUK
() BT REVER I, Al i L K B4 iR = RUEPE s
B, AR 50 L5 SCRR [ 14 ] e IX TR

FIARE A8 S5 (fren ) A2 TR ARAR A 2 BA PN 25 4% 1%
WS RORI, T S5 2 IR 15 2 AL AR R 4
RIERF K 8 AR R AR o X [H) £
4.3.2 $EARAEML

MR PR 8, AR (frr) AR
BICHCR (fin) « HAR THLRE ST (foe) - HARAE SR
(frar) « HBR B IR IE ] (i)« H ARSI K
(fiee) B T2 UG B, RIVRE DR (RO, Jal A A P58 1 5

M ICAMLET i BB RE T (frse) TEABLZCE T (frer)
BRI (frp) B ANUAEXT B AR RATEEE (fyy) VB
PR BAR AT R (fun) « BRI SR (fren) I8 T L
AR g, B R PR R RE R . TR R R b
[BIAFAEANTT 28 B e, 75 22 %) H br i 38 A [ 2517 8
FRAb R, A3 AR S (1) (2) X i g 0@ PR 48 A 5 oA
T P A bR AT R A A P
4.4 ERMTEREK

2o 0o R R 8 B A B R AT L A A B
JE P P A B AR B 40 A B AR AR X [ A5
Hh, JEI A QABC-IFMADA J7 3157 B bi Ul 25 4 18
PE AR BT 15 R M 25 A 46 AR A, UEAT B AR B HE
P
5 BT EESISHR

e T7 A N/ T NG A AE B H bR XS AT 1 A
155 A AL H 5 4 ANV, 0V, V.V, 4
JS 4 BA S it % Bt F A e B AR T, T, T, (T,
Ty \Tg X2 TEANLBT B REEE. 3% 1 R TE AU T i
AETT (B2 B2 ) L 3R 2 VTIPS B B s
PEARARER, K 3 ~6 7045 T EABL V, .V, .V, V,
XS HAR T, T, T, T, Ty Tg B4 IG5 AR X [E]{EL. 2 BA
NG 52 F B PR RE S I BRI 25 PR 35 ), BT AR
IR A5 FAR TR A A D00 (A X[

5.1 REiistrEdaE

PATC ALV, g, AR5 4. 3B 70 A7 46 25 0 J
PG R PERR PR EBEA T ALVE A AL B0, 25 SR AN 7 Jow, vl
o BLEASR X ) RO G R
5.2 mMNE.RITFESSEERKEE

BERGTA 3 A NS 53, AU EN o
=(0.58,0.65,0.83). MHix((10) .3 (5) ] HEZ T
T U AR 0N 1 e L MR AU 5 i 4 3, ARl A R ()
(h) 5345 HAR U ZR G 8 b5 X IR, 25 2R ANk 8 Jn.

®1 BiEHERREE

T, T, T, T, . T,
S Sk TR il ik 7S [ e ES

Fin [1,2] [3,5] [6,10] [11,13] [1,2] [2,4]
Foc [0.547,0.652] [0.547,0.652] [0.301,0.512] [0.021,0. 105] [0.589,0.726] [0.301,0.726]
Frar [0.397,0.625] [0.397,0.625] [0.436,0.725] [0.342,0.568] [0.652,0.861] [0.342,0.861]
Jrer [1,2] (2,3] [(2,3] [2,3] [1,2] [1,3]
Fran [1500,1600] [300,400] [300,600] [300,500] [1500,1600] [400,500]
fier [0.543,0.675] [0.387,0.435] [0.387,0.435] [0.245,0.301] [0.635,0.718] [0.245,0.718]

x2 RANBEEEIERXEE

Vi

\E

\E

v,

f\'CR

[280,300]

[280,300]

[280,300]

[280,300]




£t oL R SC: 5T QABC-IFMADM 53k 9 N/ Jo AL BAE SR T4k 1589
#=3 V, BBEEIERX EE
Tl TZ T3 T4 TS Tﬁ
Sysc (2,2] (2,2] [3,5] [3,6] [2,4] [2,6]
S (600,650 [300,310] [280,295] [285,300] [500,550] [170,195]
S [300,310] [300,310] [295,315] [290,320] [300,310] [300,310]
fon [1500,1550] [1500,1550] [1500,1550] [1500,1550] [1500,1550] [1500,1550]
x4 V, BIMEAIERXEE
T, T, T, T, Ts T,
fysc [1,2] [1,2] [3,5] [3,5] [2,4] [3.6]
fro [610,650] [300,310] [280,295] [295,310] [510,550] [160,195]
S [305,310] [310,315] [295,315] [295,320] [305,315] [305,310]
fon [1450,1480] [1450,1480] [1450,1480] [1450,1480] [1450,1480] [1450,1480]
x5V, BMTAERRXEE
Tl TZ T3 T4 TS TG
Svsc (2,2] (2,2] [3,5] [4,6] [3,4] [3,6]
fio (620,640 [300,320] [285,295] (290,305 [520,550] [180,195]
Fv [300,305] [305,310] [295,315] [290,310] [300,315] [300,310]
Sen [1520,1550] [1520,1550] [1520,1550] [1520,1550] [1520,1550] [1520,1550]
*=6 V, BTG IERXEE
Tl TZ T3 T4 TS Tﬁ
fyse [1,2] [1,2] [3,5] [3,6] [2,4] [2,6]
S [625,650] [305,320] [270,295] [300,320] [535,550] [155,175]
fv [300,315] [305,310] [295,310] [290,315] [305,310] [300,315]
fo [1480,1520] [1480,1520] [1480,1520] [1480,1520] [1480,1520] [1480,1520]
*7 V, BREHERELER
T, T, T, T, T, T,
Frr [0.4282,0.6495] | [0.3747,0.5774] | [0.2676,0.5052] | [0.1606,0.3608] | [0.3212,0.5052] | [0.1606,0.6495]
Fix [0.0561,0.1525]7 | [0.1682,0.3812] | [0.3365,0.7625] | [0.6168,0.9912] | [0.0561,0.1525] | [0.1122,0.3050]
foc [0.3707,0.6142] | [0.3707,0.6142] | [0.2040,0.4823] | [0.0142,0.0989] | [0.3991,0.6838] | [0.2040,0.6839]
frer [0.2250,0.5792] | [0.2250,0.5792] | [0.2471,0.6719] | [0.1939,0.5264] | [0.3696,0.7979] | [0.1939,0.7979]
fren | [0.1508,0.5164] | [0.3015,0.7746] | [0.3015,0.7746] | [0.3015,0.7746] | [0.1508,0.5164] | [0.1508,0.7746]
Sfmr | [0.6054,0.7206] | [0.1211,0.1802] | [0.1211,0.2702] | [0.1211,0.2252] | [0.6054,0.7206] | [0.1614,0.2252]
fir [0.3883,0.6385] | [0.2767,0.4115] | [0.2767,0.4115] | [0.1752,0.2847] | [0.4541,0.6792] | [0.1752,0.6792]
fver | [0.3810,0.4374] | [0.3810,0.4374] | [0.3810,0.4374] | [0.3810,0.4374] | [0.3810,0.4374] | [0.3810,0.4374]
fuse | [0.4523,0.6164] | [0.4523,0.6164] | [0.1809,0.4109] | [0.1508,0.4109] | [0.2261,0.6164] | [0.1508,0.6164]
fro [0.1747,0.2068] | [0.3663,0.4135] | [0.3849,0.44317 | [0.3785,0.4353] | [0.2065,0.2481] | [0.5823,0.7297]
Fwv [0.3917,0.4252] | [0.3917,0.4252] | [0.3855,0.4324] | [0.3794,0.4398] | [0.3917,0.4252] | [0.3917,0.4252]
Sen [0.3951,0.42197 | [0.3951,0.4219] | [0.3951,0.4219] | [0.3951,0.4219] | [0.3951,0.4219] | [0.3951,0.4219]
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£8 TRRBSYTHRMABUNE.RKERTFES BIREMESIERE

FMZ R («,B)

LR YEAE (L

a=1,8=0 (MI)
a=0.8,8=0.2 (M3)
a=0.5,8=0.5 (M3)
a=0.2,8=0.8 (M3)

a=0,8=1 (M2)

(0.0102,0.0167,0. 0281 ,0. 1401,0. 1918 ,0. 0371,0. 1226 ,0. 1190,0. 0246 ,0. 0273 ,0. 1190,0. 1635)
(0. 1247,0. 0205 ,0. 0437 ,0. 0684 ,0. 0865 ,0. 0393 ,0. 0804 ,0. 1637 ,0. 0657 ,0. 0359 ,0. 1076,0. 1635)
(0.0648,0.0110,0. 0613 ,0. 0760 ,0. 0333 ,0. 0609 ,0. 0711 ,0. 1307 ,0. 0862 ,0. 1201 ,0. 1366 ,0. 1482)
(0. 0622,0. 0249,0. 0201 ,0. 0860 ,0. 0533 ,0. 0455 ,0. 0725 ,0. 1611,0. 0905 ,0. 0458 ,0. 1709,0. 1670)
(0. 1110,0. 0250,0. 0708 ,0. 0914 ,0. 0859 ,0. 0546 ,0. 0815 ,0. 1183 ,0. 0992 ,0. 0545 ,0. 0679 ,0. 1399)

WARIZH (o,B)

DL i I

a=1,8=0 (M)
«=0.8,8=0.2 (M3)

@=0.2,8=0.8 (M3)
a=0,8=1 (M2)

0.2485,0.3377],[0.2390,0. 3264 ],[0.2193,0.3253],[0.2059,0.3020] ,[ 0. 2430,0. 3488
0.2436,0.3571],[0.2331,0.3456],[0.2030,0. 3368 ] ,[ 0. 1788,0. 2933 ] ,[ 0. 2353,0. 3671

{10.2188,0.34617,[0.2214,0.3532],[0. 2168 ,0. 3634 ], [ 0. 2008 ,0. 3323 ], [ 0. 2348 ,0. 3717 ] , [ 0. 1847 ,0. 4048 ] |
{10.2467,0.34967,[0.2382,0.34007,[0.2152,0. 33401, [ 0. 1942 ,0. 2987 ] ,[0. 2394 ,0. 3529, [ 0. 1908 ,0. 3813 7 |
«=0.5,8=0.5 (M3) | {[0.2468,0.3348],[0.2388,0.3226],[0.2144,0.3162],[0.1931,0.2798],[0. 2432,0. 3481 ]
i [ ] ] ]
i [ ] J ]

,[0.2135,0. 38067}
,[0.2035,0. 36677}
,[0.1802,0.3954]}

HARZH (a,B)

EARBUI 255 HEHR IX

a=1,8=0 (M)
«=0.8,8=0.2 (M3)

«=0.2,8=0.8 (M3)
a=0,8=1 (M2)

I [ ] ]
I ( ] ]
a=0.5,8=0.5 (M3) | {[0.3595,0.4877],[0.3479,0.46991,[0.3122,0.4607],[0. 2813 ,0. 4076 ]
I [ ] ]
I ( ] ]

0.3618,0.49187,[0.3479,0.47527,[0.3193,0. 4736, 0. 2998 ,0. 4398
0.3547,0.52017,[0.3394,0.5033],[0.2957,0. 4906 ] , [ 0. 2605 ,0. 4271 ], [ 0. 3427 ,0. 5346 ] , [ 0. 2625 ,0. 5758 ] |

0.3187,0.50417,[0.3225,0.51447,[0.3157,0. 52931, 0. 2924 ,0. 48391 ,[ 0. 3420,0. 5413 ], [ 0. 2690 ,0. 5896 ] |
0.3593,0.50927,[0.3468,0.49517,[0.3133,0. 48647, 0. 2828 ,0. 43497, [0. 3487,0. 5139 ], [ 0. 2899,0. 55527 |
]

0.3243,0.5544 ] |

]
]

0.3543,0.50717,[
7,00.2963,0.53397 |
1L

[
,[0.3539,0.5079
[

5.3 QABC-IFMADM &£ 4347
5.3.1 UgsrisEa

M3 i 2E P(w) 1E 8 38 R B -3 08 1
TGN AR, AT MLV, R i, o342 8 w5 Al ol
Y38 N EAE S A e R 45 R A 3 .

0.075

— B A 2
0.07 1

0.065

o
=3
=

0.055

TN A (R ZEAED

AT "
€3 QABCHRALAUE Byt fhid

SrMTIEL 3 AT, QABC Bk 7E (AL & PR L A i 7
HhEEALE] 40 U7 B TIE , REOS Bt 1) Bl ft
L8 A (.
5.3.2 EREDN

MRAE QABC 5535 19 B MR AR , AT A5 ) i) &2 A
Jy0(12m*n)  FoHf m g JE MR bR I ECRE, n O T
TP 9 B PR R, BEMLZETT 20 YRS, SE0AAE T
SERANIE 4 B, AL 1R A QABC RA LAk AL
FE AL AR B A BT A I (8] 2 2%, RE A5 T AL A3 52

I PEZER.

12345678 §Lélinlélglzlslglélglézo
4 QABC—I?I\%I}\;\DI\}%%*EEUL

L5 FRTIR AR 3G I 2R A QABC 5503 X il s 1
FCEHATILAL , HA A N/ TE AL G BAAE 8008 g i 1
At S 28 AR
5.4 EiEbHEFR R

HESHLEMN, Y a=1,8=08, REHI %
H A 04 O 407 2 5 AR A ], I 12 A 280 BH ok 3 2 104 fi
(RS e SR TA T Ve SO VR =0 SN E R A ) S A B e
TE o BN, B2 W HG R 0 i B v, B 320 42 5
R L E BTG N, B E Y A KRR E A R
HEATYOR. AR A ep,  HARSE A  HAR THRRE ) .
BB bR R RS 8 PEA R 8 W K, X
- SUREISN RS E NS N AR &
P HARZER B AR THURE 1 JC AHLBCE L H AR
BREG” i o AT D SR ) UL By s AN Bk TR
AU k.
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5.4.1 BFIAVEHERF

BT ALV, SRATAE 55 iF, 5 4R A b HE
J¥, ATARIESCHR [ 1S I X3 8 1 @ =0.8,8=0.2 fHLL I
FAR B E5 G Fahn X TEELHEA T HE R , P91 JR AR R A

T 1 1 1 1 17

01 1 1 00

0 01 1 0O
Be =

00 01 0O

01 1 1 1 1

01 1 1 0 1

T HFmERA=(6,3,2,1,5,4)  @hHT N
T, >T,>T,>T,>T,>T,, BIXt V, B Hir R
T, , BB/ N B AR R T,
5.4.2 ZRPABEM S HT

2 2 A B E, A A Y 2. 3 A HE R 5 2 R
HiabR X RMEEATHER , TC MLV, B8 B X ] {E 5
fEEE AN 9 WK, WM « =0. 8,8 =0. 2 B} g 448
FRIEHEFF 45 R 597 5. 4.1 45 R — 300, RIAA ST 5 vk
RENE HERA M B AR ETT UM A

AR VLV, VLV, EAT R R P4 AR,
JEAE R bR & W SR, B o = 0.8, =0.2, AT 154 H b5
XF g BA P Te AL BN 25 5 R e, W36 10 ~ 11

£9 V, BREMS A IERE

FIAR B 25 & AR

a=1,8=0 (0.4114,0.4185,0. 4225,0. 3882,0. 4417 ,0. 4293 )

a=0.8,3=0.2| (0.4342,0.4210,0.3999,0. 3588,0. 4313 ,0. 4226)

a=0.5,8=0.5| (0.4236,0.4089,0. 3864 ,0. 3445 ,0. 4307 ,0. 4394 )

a=0.2,8=0.8| (0.4268,0.4116,0.3964,0. 3698 ,0. 4309,0. 4151)

a2=0,8= (0.4374,0.4214,0.3931,0. 3438 ,0. 4387,0. 4191 )

F10 HABGEBESERXEIE

7 I 2 8 b X

{10.3593,0.5092 ], [ 0.3468, 0.4951 ], [ 0.3133,0.4864 ],
[0.2828,0.43497,[0.3487,0. 51397, 0. 2899 ,0. 55521 |

1[0.3500,0.5219 ], [ 0.3216, 0.4841 ], [ 0.3119, 0.4832 ],
[0.2818,0.4254],[0.3708,0.5393],[0.2874,0.5565] |

{10.3571,0.4824 1, [ 0.3607, 0.4846 ], [ 0.3332,0.4825 ],
[0.3123,0.43827,[0.3541,0.4914],[0. 3109,0. 53411 }

{70.3263,0.5218 ], [ 0.3343,0.5359 ], [ 0.3175, 0.5078 ],

v
! [0.2927,0.4589],[0.3361,0.5129],[0. 2877,0.5690] |

6 HRIG

ARSCPLE AL EREE A N/ 6 AL G BA X 1 i
T E WEIE BARBUM AL 75 3% . >R T IFMAMD Ak 8 %
AT EAR B, TEA A 2B LR 5 Bl DA 5 Y ) Sk

fili b, R QABC SEyk UL & PEA ., {1 & PEACE 5 2.
A 3 S W 3 SE B A D, 25 JE BT AL 2 BA
VERRSE PR R, 23 Hr PG B0 A R e &5 2R i it
LA ELIRAIE T I Ty v R A8 DS v A b i DR B HE
() RE, DT A 20 BN A K ) 3 BE 48 BE AT R, e
2t KT S A A4 F 8 1) R Y B AL R

F11  HABREBDESIERE
T, T, T, T, T, T,

Vi | 0.4342 | 0.4210 | 0.3999 | 0.3588 | 0.4313 0. 4226

V, | 0.4360 | 0.4029 | 0.3976 | 0.3536 | 0.4550 | 0.4219

Vi | 0.4198 | 0.4226 | 0.4079 | 0.3753 | 0.4227 0. 4225

V, | 0.4241 | 0.4351 | 0.4127 | 0.3758 | 0.4245 0. 4284
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