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Requirements of Parallel Combat System Based on GQFD-Coupling Coordination
Degree

Abstract

Abstract: In view of future intelligent unmanned combat characteristics, the concept of parallel combat is
proposed and the model of parallel combat system is built based on OODA ring theory. Meanwhile, this
paper builds a demand analysis model based on GQFD-coupling coordination degree to solve the low
reliability, lack of objectivity, and single description perspective of the traditional quality function
deployment (QFD) method and coupling coordination degree analysis during demand analysis.
Additionally, the importance ranking of ability requirements in the parallel combat system is obtained by
the house of quality of ability requirement analysis in the combat system based on grey correlation
analysis. The capability coupling coordination of the parallel combat system is analyzed. Finally, the study
provides a more objective method for the requirement analysis of parallel combat systems and a
theoretical basis for the construction of parallel combat systems.

Keywords
parallel combat, parallel combat system, grey quality function deployment(GQFD), demand analysis,
coupling coordination

Recommended Citation
Dong Zhiming, Si Bingshan, Li Liang. Requirements of Parallel Combat System Based on GQFD-Coupling
Coordination Degree[J]. Journal of System Simulation, 2023, 35(11): 2454-2463.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol35/iss11/14


https://dc-china-simulation.researchcommons.org/journal/vol35/iss11/14
https://dc-china-simulation.researchcommons.org/journal/vol35/iss11/14

Dong et al.: Requirements of Parallel Combat System Based on GQFD-Coupling Coo

35 455 11 RO E#HO Vol. 35 No. 11
2023 4 11 Journal of System Simulation Nov. 2023

2T GQFD-# & AT R R S 7 KT 7T

A 1 = 1,2% =1
ﬁa{‘ H)EJ ) ‘;J }'ﬁl—l—v' T, le&r}t
(1. BEZEZEH 2B, dbat 1000715 2. P E N RFECE 75130 6B, J7# Stk 537100)

TE . Arat R R AR AMNAE B AF 5, 45 6-00DA FRIZ640 th PATIE KA, #5 T-PFAT1FHK
AAEE ., Flit, #511£407 €2 & I (quality function Deployment, QFD)7r ik Fa846~ 111 & 5
AT RV GAAGT MM, BAMTE. 5 ER—FFH, #5 TEAFRARES
769 QFD(grey quality function deployment, GQFD)#8-51098 /% & R )RR, ARKE TR E XK
PATEG-FATIER ZRBE FE RSV Z B, 1HE| T PAIEK AR GENE K ERZHSF. -FATIE
B 7 G BE T 69RB oG BT T 9T, AT ER RGN E RS RET EABRNG T ik, H
FATVE R R G ag A I RAE T BB IRIE

K@i FATIER, AT AL, GQFD; &Rt ABEWEE

42K TP391.9; E919 SCHkAR GRS A VRS 1004-731X(2023)11-2454-10
DOI: 10.16182/j.issn1004731x joss.22-0724

Bl MR EEW, "M, 25 2T GQFD-#E A T B 1P AT 1R 6k R A 75 SR 7T [T]. RS0 B4k, 2023, 35(11):
2454-2463.

Reference format: Dong Zhiming, Si Bingshan, Li Liang. Requirements of Parallel Combat System Based on GQFD-
Coupling Coordination Degree[J]. Journal of System Simulation, 2023, 35(11): 2454-2463.

Requirements of Parallel Combat System Based on GQFD-Coupling Coordination Degree
Dong Zhiming', Si Bingshan'*", Li Liang'

(1. Army Academy of Armored Forces , Beijing 100071, China; 2. PLA 75130 Troops, Guigang 537100, China)

Abstract: In view of future intelligent unmanned combat characteristics, the concept of parallel combat
is proposed and the model of parallel combat system is built based on OODA ring theory. Meanwhile,
this paper builds a demand analysis model based on GQFD-coupling coordination degree to solve the
low reliability, lack of objectivity, and single description perspective of the traditional quality function
deployment (QFD) method and coupling coordination degree analysis during demand analysis.
Additionally, the importance ranking of ability requirements in the parallel combat system is obtained by
the house of quality of ability requirement analysis in the combat system based on grey correlation
analysis. The capability coupling coordination of the parallel combat system is analyzed. Finally, the
study provides a more objective method for the requirement analysis of parallel combat systems and a
theoretical basis for the construction of parallel combat systems.

Keywords: parallel combat; parallel combat system; grey quality function deployment(GQFD); demand

analysis; coupling coordination

Wk H#: 2022-06-23 1B H: 2022-09-02

BEUH . SEEHRUAIIREY2021C107)

HBAEE: EEW0977-), B, HdR, WL, WPRUT AN E R . E-mail: dong_zhiming@163.com
WHAER: API(1991-), 55, Wbk, WA ZEHEE % . E-mail: 18201304269@163.com

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 11, Art. 14

R AR Vol. 35 No. 11
2023 411 A BEEW, & T GQFD-#h A Wl B 19 ATV R 40 s R 7% Nov. 2023
0 5= ML ). A IEHEER A, CLFATERISE

AR S — MBS RS, HXME
A VEBE A BRI 2 5 R A8 N B3040 2 5 BN
WA R Bh AR . SCRR[13R Y T P47 RG 8wt S
ACP(artificial system, computational experiments,
parallel execution, A T HR%t. THHEELLE . FATH
ITT, NRRE R RGERL, =6, i
AR ) AR TR B RS . ACP J7 VAR R
THIR ARG EM A TR RS R S T7
%, ME T H5ERRAGTATRALRS, JHE
HAENTRGETH ARG AL, FATHIT. &
TR, XS BR R GEREAT AW A Ak .

GQFD(grey quality function deployment) 75 1"
JEHE TIOR3 T 1 QFD 5 5. GQFD A& 1E
QFD J7 & BBl b, 385 2K SC IR 23 B AT 55 1 75
REETHATHE . MRIAE S K ZIH 7R &R
KIEAL S TR EZEET, MR BNAA
# QFD it & R A h (K O¢ R RE,  REAR A7 Mok BR
NABERRTF, ARS8 R EmE . K,
S AE R

MEEE—MEEHMS, FEE2HH TS
R, o KR L R T, 3
SRR e e TR M) W RUHEAT AR o AR SRR A P A
RGINFERH RN AT, N PATER RGO
TP T B SRR R 5T TV

1 “PATESE

BUAR R 4 H i 4 XUTT R LA L2 AN 2
AR N S Y ER 0 B, A B A
s WUEIONE SIS B . A R AR B KR
NTHEGE. = i FEEORI IR K =307 47 1
il (0 A I SOR BT A B AR R IO S I ST AT i
Yy, e R SR R R A ROR L S
PIRBOR . SHMEAELHE T B, TR
REMSERARAL . REWEIE BIFE R R 7 B AR 24
X FHIHI .

AT AR R AR R R LR A . R RE AL

DRI, MRS B YR, AR
HLALA 8 BE AN 2845 B AR R, =30 S i i
SEATHAT . LA, 2RI EDE A, L
FART SR . KEERARTE . R REIRIEME T . P
ITHE R R G0 AT R ) A, SR PATAE
iR ARG, ARSI IRESE B AR RER T
B (1) 005 37 7 ) S S LS B, AT B S
REMZRIE A, DAIRTH IR S AT MR, &K
T R S MR B 2N R 3, S BRI 3 K
WA AT fa . < DLSEOKRE, DUR#SE” 21
ITER 5 PAT IR R A B R 505

A% OODA VR IR AR L 0P AT
PERR I TATE R R Gt 1 56 TR R 37 X Bt ek k)
O NI R I Rl P ER I . A R 3 R R
kY. VSR AAE T, REgE L L
RIS BRI, RSB 5T, $ & ULR A I
B4 A ARAEAE R . INFIR A A TE T
o, FERBIMELSE AMEER IR B
SATEAE T35 BRI PR . MRS R
B, RN AT R R G AW EAT B3R
TR 2 1] I AL P AT VR B R LRI 3
AN R 37 P LI FLIE FLERAE (N B L FTR) . MRS
5 R L 3 1 S B O AR S VR A, AN
PRALFEHE R 7 N RS, S & S EA) B
TSR

5 R B SR (O)FF R, [RII FIE A
FIREAE B, I AN (0). R (D), fEUL
R S B A BT 47 1% 3% OODA ¥1 5 I\ A
Wizg B, DLAKLIE R 0 7% ok st v sk 7 &
HrEAEPATIR A (A), WA T OODA JHH .

VB Ik 3t 2 o U5 f OODA ¥ 3t 15 5% 25 Wi 4 F4
WE (B 2(@) fi7R) . R PATVRER R ST LA A%
HIn R T7 1) OODA MG PR FE ,  m] AE R T5 A
LA B . [R5 OODA B # F A
PTG “WUET BIAIBIN SR ROENEE, TEIEA
452 B OODA [ 41 45 8] 5

http: // www.china-simulation.com

e 2455

https://dc-china-simulation.researchcommons.org/journal/vol35/iss11/14
DOI: 10.16182/j.issn1004731x.joss.22-0724



Dong et al.: Requirements of Parallel Combat System Based on GQFD-Coupling Coo

HISEE 1L
2023 4F 11 H

RGN AR

Journal of System Simulation

s 4@§§§
O y
T | R 4’§;fﬁ
| - 1
o w
o1
U |
L AT |
maw T llﬁﬁjﬁ

B AT

Fig. 1 Parallel operation concept

PATVRECRGER iR AER: IACFAT AR
il 2 Gt (¥ OODA ¥4 1T LU X il 37 Ji& I it S i ) 475
FURBAL (1 B 2(0) T 7)), 6 3y 15 0 32t 4T T
Hlo BEMSAERITIER] “oem” St MR,

PATVEERGE 9 AER: IATATAE
i 2 48 AT LIOK ) S B 3 B s A g AT = A
RORJE, ORI, REN (845 15 SR Al
FEBEAT SN EDWL A BRI 2 21, AN B SR
SRS ST SR (0 B 2(c) ) -

2 HWEENPATERRS

H 5 -FAT1E i R G R BRF B 28
AT P ENT e E. SRR
4" (cyber-physical systems, CPS). S0 — k& 8, - 14
147 " (live-virtual-constructive, LVC) &5 # AR .

M Z S, Hopar g 2 —Flok e i i 4 22
RGAE R A AT B A R 2R S H0R, B
IR A SR A AR BYRS HEYE . ~PAT T LA R
TERGIENNTLRG, SEFERGHFRIZIT.
SRR R, B EAESI — R0 EEOR B J7 .

Vol. 35 No. 11
Nov. 2023

TCFH AR M TREN B, EZRNH TR
CPS U = B i) F- #1340k (0 32 F - LVC Bk
T A N SRR, TR 9% A LA SR
SPATVE IR R GUE IR 2 SRR JE B B HAb B R
BETZHBKR, HPTESRRE EERE TR
Wit LA TS A |, sl AT
B REBE A I 45 A 18 R T IR Uk B R AL, DASE
I, v FEE A A 1 5k 3 T

AT PATIES R St

{/Uf [l
7O O PN
A®() D@() /\@()
Np 4 A N«
(a) KRG IEFRE
AWl 77 PATERR R 5t 5

(b) &G “hnE” RZE
I AT R S

(c) REE “WHoE” IR

B2 ImCPATER RS L0 4 5T OODA 3
Fig. 2 Adding red and blue parties to the parallel combat
system against OODA rings

PP ERIOR S S R, AR AT
IERUARSE. RO S PR, REQHRE T
MR, R WIRE. BURE. SRR
MR AR R B IR 1 VU
LI TR LRI B . R SR | I
AT FURISR 6 6% R AR BUR R B S T

http: // www.china-simulation.com

* 2456 ¢

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 11, Art. 14

R AR
2023 F 11 H

PRSI R T % 52 . R BRRD= A B A5 2
DB E M RS . RGZUHME T RIERRY
RH RSO FIARMERTE . RS L IRAE
RAEREYL . N R SEI AN B AR L

HEW], 55 BT GQFD-HE & WM FE AT MR R Ge it SR 5T

Vol. 35 No. 11
Nov. 2023

WA VEAE B S ThRE M Ko . R, B
ARG I AR Bt DBy RAEE T
FETHE N R

[s-pmn ||| sesirm | [Aenstm] [BaEsw] |
[ewmmn ] ||[retw | Cren | [ ]| g
| pE-EeEn |
| weger || smoR | | R ||
IR0 _ o
BT
AGRBER |
| e R R LR
B I | I -
RGE ‘
| sEEms || asmtems | | msw ||,
[(wmEiFs | [ woFmsm || ~ ]| B

B3 AT ARG

Fig. 3 Parallel combat system architecture

RTINS A T AT R R R S
AT TR AR ZR . ASCIEAE S QFD 7 ik it
e AL L, K H GQFD ik, @it &kt
R, 33E— 25 HERR 32 00 IR 36 45 A F 52
W, [ LE 3 Al i N R A 0 R AT v
A E TR AT A B R G 75 SR AT 40T
i 25 B INAER . .

3 #H T GQFD-# & v B 17 K

AR
3.1 GQFD- & hiRE

(1) QFD J7¥2:

RIS R AR T H A . QFD & —#f

M WRsh 5= s F K 7. HERESE TR
Hauser 5 D. Clausing T 1988 4F #2& H # i & =

(house of quality, HOQ)/& QFD [ #% i A, 45t
e 4 R

W~

5 1
K4 FiRE

Fig. 4 House of quality
Kl4rh 1~7 T SCHERE, Hrp, 1, 297
W, o N SR LB 3RAER, A
AR (U BEREU R )R 4 A,
NS SIS AERE: SAMTR =, N TR
(i S R SRR TS e S RE: 6K
FEIRL, g T REHE it 5 AR % 55 SR8 RHE; 7T A

http: // www.china-simulation.com

* 2457

https://dc-china-simulation.researchcommons.org/journal/vol35/iss11/14
DOI: 10.16182/j.issn1004731x.joss.22-0724



Dong et al.: Requirements of Parallel Combat System Based on GQFD-Coupling Coo

F35SHEE 1M
2023 4F 11 H

BT, TR A

(2) Jet KT

B Y=, 0., @), 3, (0= 1.2, -+-.5) Ky F 47
M R 55 B 1R X =(x, (D, (-, ()i =
L2 m) IEERAE S5 B FR 2y 5 py 0
A Y, 5 X IR A SRR . IR i KB
TRE A KB, FEH AR T

1) R L SR 5

v |=| St @+ 3 )
k=2
x| =S Lt ).
X1 =[S 0 3 0 5 (0= 5 ).

Reb: EAf “07 Fr BRI B 5 Stk T
TR,
Y, 5 X, (Kt 20 S

1+ |Y, |+]|X,

&= I (1)
1+ Yo |+ | X |+ | X, —Y,

2) IR EAHNS SRR L5

'
¥

B

n—1 . 1 .
SR+ 5 ()
k=2 2

'
XS,

?

(N ! l !
;x_j?(lm S @)

SO ®+ 50—y

A bdr “07 AR a S yHE TG T4
R
Y, 5 X, B IR G AR BT
1+|Y! |+ X!
ry= : / 2)
L+ ||+ X0 |+ | X =Y
3) KELRE RIS
Y, 5 X R SRR A
p;=0¢c,+(1-0)r, 3)
Rk ORRIALL, 6-0.5: K ELEE KL

RGN AR

Journal of System Simulation

Vol. 35 No. 11
Nov. 2023

RILT 4724 Y, 5 X, MOMAER R, SURMLT Y, 5 X,

AT 86 P00 AR M BT AR R N A T

AL 91 2 I 22 15 5 0 — N R LA T«
o B It 5 A SR A

Pu P2 " Pim
H=(p)=|"" T2 7 4
psl ps2 psm

GQFD My FE Wb 5 Ffiaw

____________________________________

T
ol |4 1E AH
ZRVX| | | | rim
—»{ SR ] B E;\%—» r‘?é@
Se|l | % % Wk K%t
%ﬁi ¥ i 7 A
s | | ko] LR
K5 GQFD Jjikifiift
Fig. 5 GQFD method flow
(3) A A 7 v

“RhET FRBIRANF] R Ge 2 6 A LA T 5
FEo MEEn22 ARG, W URRRGS, K
fH, W& R TR A(5), (6)MF:

Cy=n- 1=l — (5)

c,=2- — =1 P (6)
0(U+U,)

N EERA G N /N WS

T=pu,+pru,+--pu, (7

A B, AME, w=1, 2---n, W{HEHBEHE.
R R HTIESE AT E -

A IRERR A

D=(C-T)" (8)

(4) GQFD-H#5 &0 1 BE 43 i #2

234 GQFD [ 7 K3 #r, "Rt Y ~Y,, 4
S AR o K 48 4 2 Bl VA JBE 43 M 3o AR R AT ik

http: // www.china-simulation.com

* 2458

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 11, Art. 14

335 B 11
2023 4 11 ]
¥ GQFD 73 #fr H 45 H 1 4 060 BB 3E ATV —fh S ik
B, JFLAMAREME R E AR T
GQFD-#% & Wl F£ 3 i A Bl 6 P

PN

| BEHESERMAGIREER |

L

| LKA |

!

[ R RERRAKHEN ]

| S R A |

| A5 HF O |

!

| HATQED A |

|

| #nRsEEEEF |

I

| BEEEREMEeE |

L

| AT R A I 50T |

fiy
K6 GQFD-#a il o i e
Fig. 6 Flow of GQFD- coupling coordination degree analysis

3.2 PATIESAES REI TR B FatnfiE

BT AT R G AT AR DS B E
FHIMERAE . R BN TN RS, (ES
A TN E EAESRAA A -Jo Nk R A 55 R
o ATV HRAT 55 75 SR L2 A B 76 5K
&R R SR IR AN Bt . AR 1 A AR 55 R,
FREAT AR A 55 7 SR BEAT AGN IR 1 B

3.3 TR AR G RE I T8 RIgAnf &

AT AR R GE AT AR R B SO . AR
AT AR AL 55 R SRR, X 58 RUAE 55 T 7 B

HEW], 55 BT GQFD-HE & WM FE AT MR R Ge it SR 5T

Vol. 35 No. 11
Nov. 2023

FATIEE R GLREJTEAT Mo R 1 E 1R AT
F ARG RETTIIMST &R, AT RUR — X — Bk
S XL X M. 2 AT IR
RGMIBE I FRIAG, TR RAEATHINER 2
PR

R ARBUESREITR

Table 1 Requirements for combat mission capability

Ve EL R TR A
X, i
WO X, ELADIES
X, ]
X, = B
Hiio X, = B ]
X, R Y T SR
v D
iR X, YA 7 A RN T
sin X, ST ot RO A
X, AT e R

K2 ARGREIITR

Table 2 System capability requirements

kK TR A

Y, B HOR A T A
Y, S EH
Y, LA AR
Y, PATBGTRE )
Y, Wi s i B2 R
y, F b H R A
Y, A A AL
Y, IATRIRSRE

Y, LT LA
Y, HSCI 7 LA

Y, PAT A ATHLAL A
Y, BEIIEE A

Y, o 46 HEAT LA /)
v, BT AE S

3.4 FATIEMR R GRS ST T R T

TR TR AR b7, A BB I 124 %
RN PR IEBHATAT 4 AT RN 3.

HRLA 24 T AT A I Ay

http: // www.china-simulation.com

e 2459

https://dc-china-simulation.researchcommons.org/journal/vol35/iss11/14
DOI: 10.16182/j.issn1004731x.joss.22-0724



Dong et al.: Requirements of Parallel Combat System Based on GQFD-Coupling Coo

5535 %5 11 ARG AR Vol. 35 No. 11
2023 4 11 H Journal of System Simulation Nov. 2023
*3 LFRITNE
Table 3 Expert grading scale

o (N
EX
X X, X, X, X, X, X, X, X, Y, Y, Y, Y, Y., Y, Y, Y, Y, Y, Y, Y, Y, Y,
a 6 3 9 2 2 5 8 3 8 7 5 8 6 8 2 5 2 3 2 4 2 9 5
b 8 4 2 8 4 7 8 9 6 6 1 1 5 8 4 6 8 3 9 9 3 4 5
c 53 7 8 6 7 1 5 1 8 1 7 1 7 5 7 7 2 6 4 5 8 4
d 7 4 9 6 9 3 6 2 4 4 4 3 6 3 5 9 9 7 6 3 3 4 8
e 7 6 3 1 7 2 2 7 6 7 3 8 9 4 6 1 8 5 6 2 8 4 7
f 9 4 1 4 7 6 2 3 4 8 1 2 1 8 4 7 8 3 3 4 8 8 3
g 4 7 2 6 5 8 8 2 3 6 8 6 4 7 5 6 5 7 2 7 9 7 1
h 4 8 8 3 5 3 5 3 2 8 7 4 5 9 8 5 1 2 4 6 6 4 7
i 6 6 9 7 3 6 7 6 8 6 1 6 2 4 4 5 2 3 4 6 7 8 3
j 7 8 5 5 1 6 1 6 7 8 7 9 8 6 6 2 8 7 17 4 7 3 6
k 3 9 4 5 4 3 7 6 3 4 6 6 8 7 3 4 7 4 5 5 9 1 1
7 2 2 7 4 6 2 7 2 2 4 4 8 5 8 7T 8 9 6 7 4 2 5
H=(p;)o.1s=
[0.6241 0.5729 0.5425 0.5911 0.5650 0.5160 0.7040 0.5116 0.5402 0.5156 0.5641 0.5116 0.5337 0.6427 |
0.6083 0.6734 0.8440 0.6447 0.7341 0.8635 0.5577 0.7623 0.7881 0.8530 0.6878 0.7623 0.7992 0.5849
0.6191 0.6994 0.8725 0.6612 0.7398 0.7688 0.5714 0.7933 0.8223 0.7722 0.7264 0.7933 0.9891 0.601 6
0.5771 0.6217 0.7700 0.6026 0.6705 0.9655 0.5394 0.8877 0.6945 0.9793 0.6296 0.8877 0.7808 0.558 7
0.5853 0.6347 0.7990 0.6136 0.6888 0.9852 0.5436 0.8503 0.7153 0.9712 0.6434 0.8503 0.768 1 0.5650
0.6898 0.6131 0.5635 0.6399 0.5974 0.5267 0.8247 0.5193 0.5646 0.5259 0.6009 0.5193 0.5499 0.7242
0.6334 0.7222 0.9214 0.6803 0.7708 0.8030 0.5790 0.7494 0.8273 0.8077 0.7509 0.7494 0.9516 0.6127
0.6454 0.7329 0.8179 0.6943 0.8147 0.7707 0.5774 0.6954 0.8863 0.7629 0.7520 0.6954 0.7991 0.6140
10.6237 0.7062 0.8907 0.6672 0.7511 0.7911 0.5733 0.7695 0.8348 0.7951 0.7329 0.7695 0.9726 0.604 6 |

ST LIS -

14 14 14 14
zp7j> zp9j> zp3j> zp8j>
j=1 j=1 j=1 j=1

14 14 14 14 14

DP5> DPy> D Py D Pg> D Py

j=1 j=1 j=1 j=1 j=1

M ATAS H

Xym Xom Xy= Xg= Xo= X = Xy = X=X,

MR F S0 SCIRBL 7 7%, B u=0.5, W]
(EhE

()“1’}'2713524’}'57165179}*8’19),:

Ra ARG FTOREZEEHF
Table 4 Importance ranking of system capability
requirements
moR BUE R || @R AXBUE Y
Y, 25.156 70 12 Yy 30.996 10 6
Y, 27.933 95 10 Y, 32.249 50 5
Y, 34.198 85 2 Y 33.021 05 3
Y, 26.640 45 11 Y, 28.738 80 9
Y; 29.934 80 8 Y, 30.996 10 7
Y, 33.014 25 4 Y, 35.486 25 1
Y, 23.428 45 14 Y., 24.397 70 13

(0.5,2.5,6.5,3.5,4.5,1.5,8.5,5.5,7.5)
Bt (Aya Ay Aigs dogs Dss Degs Dy s 2 Y 55 H 53 SAE Ay

B, K4,

MWEATTUE L, REGEITFERIFRLRZAN:
TEMAT SR DT R EEE SRR, HARE RS BIMND A BIBIMNICIMNMIBIRD
&, #%HEMQFD MRS % ARG T oRE Y=Y, BDRGEESITR Y, N TR RS it

http: // www.china-simulation.com

* 2460

Published by Journal of System Simulation, 2023

Y,IRZ, Y,iARE. BN RGRIIFREL



Journal of System Simulation, Vol. 35 [2023], Iss. 11, Art. 14

2535 B 111 Vol. 35 No. 11
2023 4F 11 A WAEW, 25 BT GQFD-# A MR AT R R4 7 R 5 Nov. 2023

REBEHEF = rp, AL TR =A@ oR B8 e IR, aTRBh e EARITR, Bk RS
fRREE A ZISHIBIMBENABEEN TR SKIA R,

B GLTRUR I F R AR SR B A s A
HRE . BNPAEFTINEE . BESHAREEE . Table 5 Coupling coordination level

B DN RS BT A AT IRy e Do R AR RAD
; = . . ¢ W RED FH R
RIERE R, P47 R B — S 46

il
%

Y, 0.937  0.709  0.815 9 R

TR Y, 0754  0.787  0.770 8 i

233 GQFD k40 #r, w13t Y,~Y,, 4 Y, 0857 0964 0909 10  fRR

R X GoAl £ 0 8 1 o 0 R REAT it oo zi

¥ G(?FD Sy BT AR E‘J\?@N\W@iﬁﬁﬂﬂ*%f’ﬁﬂ‘ v, 0936 090 093 10 {L

L, JF DA RS oM B S TR Y, 0878 0660  0.761 8 H1 2%

3 (5), )i FE 13 C{EM DE WIS Fr ¥ 0.834 0.873 0.853 9 R4f

o BICHRICIRE G LA BT iRy B 0886 0009 087 o R

PR R, 0 TR Yoo 09100910920 0 AR

\ Y, 0928 0810  0.867 9 RAF

y\*l%é’g C{E%Ey 14 Iﬁiﬁ'ﬁ?*% EP Yzﬁjﬂ\ﬁz le 0.904 0.873 0.889 9 Eﬁ}

A BB A 75 SR PGB A BT . RG, JFUR Y, 0847 1000 0920 10 AR

EUHREMEGES. HRBURAZRIFRD Y, 0840 068 0760 8 L

2 RS A I ], B 2 BT R 1 R ‘ U \

N T ARSI, B RSG TR 20 B WAL [ R GERE S B SRAHTARMEE

ABRED), TEERAEMER IR BT 2 e )y F R4 EHERF 5 5 56 TR 1018
FACT IR . TR 2 M E 7 5 O — S L ey

PR D RIS ATT, RAMIER e, e GoFD wa s e, 1, Rbfe
VeV IR B B A 8 L Lo TATHREAN o o o i a2 2 5 ) 40 20 4
Yo Yo Y VORATRRRBT, Yo Vo Tor oy 2ty R R LK

Yo T Ve IRGHUSRIFOA, Yo Yoo Yoo T ISR, RS IR . R
ATOSRAIR RETROBEDRIEIET i i1 055 5l 3 L2 752
IR E RS, BETRGEATRZADE

A EEC WG D w X BUE (A —1k)

0.8
0.6
0.4

T

0.2

K7 REG MR E

Fig. 7 Coupling coordination comparison

http: // www.china-simulation.com

* 2461 -

https://dc-china-simulation.researchcommons.org/journal/vol35/iss11/14
DOI: 10.16182/j.issn1004731x.joss.22-0724



Dong et al.: Requirements of Parallel Combat System Based on GQFD-Coupling Coo

5535 %5 11 ARG 1R Vol. 35 No. 11
2023 4 11 H Journal of System Simulation Nov. 2023
4 @5{/@ Requirements of Electromagnetic Blue Army Based on

ASCE IR GQFD-RE & Hh il BET7 1%, #2 57
T BT IR B T T N -PAT AR R e oK
TR E R, 58 7 E NPT R R S A
I RHEF o FE b FE Al b AP Sk R S B R B
Brorid, X RGRETT R BUAR G BEARE & b R 5
BEAT T, BB T RGRE TR ORGP IRREE
MFPATRRASHER ENHEIFEL N
HFF R iR it 18 w78 B

RKBEE KRG =i N TERERAR
IR, DN o bl 52 2% ) R 14T 2R 8 7 B
RN ss . AR b, OPATRR R
G AR I % SRR SRS RGUR IR AL G 45 th
FR, HESRGE SRR REAL . Rk
. AR 5 SR E TR BLERCR
WRRKGERER .. BEEREZNLHT
Ry BATEFARRMI I EEAR R SHE T

SH MR :

[1] E®ER ATHS. HELK. FERG—KTER
AT ARG ER R WIRI]. EREAR ST R4
B2, 2004(4): 25-35.
Wang Feiyue. Artificial Societies Computational
Experiments and Parallel Systems A Discussion on
Computational Theory of Comples Social-Economic
Systems[J]. Complex systems and Computational, 2004
(4): 25-35.

[2] A, XUBRAK, D, 55, 5T GQFDHIE BEfL ke #%

PR B B 7 1 5K 20 #7 (9], BUAR G A B R, 2022, 50(4):
38-44.
Jiang Xiangzheng, Liu Tielin, Cui Shuaibo, et al.
Requirement Analysis of Army Intelligent Equipment
Support Capacity Based on GQFD[J]. Modern Defence
Technology, 2022, 50(4): 38-44.

[3] 25, WRifg i, BRI, Ji T 2K (0 B2 1) fl I 4 % 5 5K
52 ST, PRiftEAR, 2013, 32(10): 269-270.

Li Bo, Chen Haijian, Yu Linlin. Quantitative Forecasting
of Wartime Material Demand Based on Grey Model[J].
Logistics Technology, 2013, 32(10): 269-270.

[4] A, Bedk B, BT QFDIR vt i i 7 74 15 75 SR 0T 5 [J].
ALY 73T T, 2021, 44(6): 34-37, 77.

Huang Ying, Duan Jikun. Research into the Construction

QFD[J]. Shipboard Electronic Countermeasure, 2021, 44
(6): 34-37, 717.

[5] WD REA EERIRY AT 10T R A Hh PR 2 o )
FRH[]. £UtHhEE, 2019, 39(4): 18-25.

Cong Xiaonan. Expression and Mathematical Property of
Coupling Model, and Its Misuse in Geographical Science
[J]. Economic Geography, 2019, 39(4): 18-25.

[6] = L. Bk 1Tia i ¥ i 5 GDP A& Wil FE 204 [J]. B0
AR Tk, 2022, 43(13): 24-26.

(71 Epk, . BmKH 28 = E 20 D RERE & b i 2
FRAES54% AL, $PERT 5T, 2018, 37(6): 1100-1114.
Wang Cheng, Tang Ning. Spatio-temporal Characteristics
and Evolution of Rural Production-living-ecological
Space Function Coupling Coordination in Chonggqing
Municipality[J]. Geographical Research, 2018, 37(6):
1100-1114.

(8] K7, ISR, BT ISR AL 5 o B R e 5 AR AR IR IR
AR goit 59k, 2022, 38(10): 71-75.
(91 XUFHT, 2=2ilgie, BPAI, 4. 2 T DODAF-OODA K
A5 B SCIRAF AL W T[], e ds ik TR AR,

2019, 40(2): 33-38.

Liu Xiangyu, Jiang Haiyang, Zhao Hongli, et al.
Research on OV of Air Precision Striking Operation with
Space Information Support Based on DODAF-OODA[J].
Journal of Ordnance Equipment Engineering, 2019, 40
(2): 33-38.

[10] A, $LI5E, v 2R, 5. HE T "OODAIR B (KN 50

CINLASE L E7 VT I M ES I NSRS R T A o
2014, 9(6): 556-562.
Zhou Bo, Dai Huanyao, Qiao Huidong, et al. Research
on Recognition EW and Cyberspace Operation Based on
"OODA Loop" Theory[J]. Journal of China Academy of
Electronics and Information Technology, 2014, 9(6):
556-562.

[11] FKRAAE, 0. fA SR % HUOOD AT PR £ ok Mk 1 A5 1% £
T[], RS, 2017, 29(9): 1968-1975.
Zhang Mingzhi, Ma Li. System-of-systems Combat
OODA Loop Robustness Modeling and Experiment[J].
Journal of System Simulation, 2017, 29(9): 1968-1975.

[12] E®ER. AT E i 5 Brrr g A 20 g o) B0 1 [ ot i
B[] BReR S5 H AR, 2020, 2(3): 293-300.
Wang Feiyue. Parallel Control and Digital Twins:
Control Theory Revisited and Reshaped[J]. Chinese
Journal of Intelligent Science and Technology, 2020, 2
(3): 293-300.

[13] A%, ERA, FET, & RTRSRGHTFFLEN
AT A KRG AR, 2020, 32(4): 539-552.
Zhou Junhua, Xue Junjie, Li Heyu, et al. Thinking on

http: // www.china-simulation.com

* 2462 o

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 11, Art. 14

R AR
2023 F 11 H

HEW], 55 BT GQFD-HE & WM FE AT MR R Ge it SR 5T

Vol. 35 No. 11
Nov. 2023

Digital Twin for Weapon System[J]. Journal of System
Simulation, 2020, 32(4): 539-552.

[14] Z=RR, X5, T3 RRR. B 28 A N0 B 22 4 R R 27k ]
RG], 2019, 31(3): 385-392.
Li Xin, Liu Xiu, Wan Xinxin. Overview of Digital Twins
Application and Safe Development[J]. Journal of System
Simulation, 2019, 31(3): 385-392.

[15] 5KFk, Rl W0 1A B 22 2R (0], R G0 R,
2021, 33(5): 995-1007.
Zhang Lin, Lu Han. Discussing Digital Twin from of
Modeling and Simulation[J]. Journal of System
Simulation, 2021, 33(5): 995-1007.

[16] BUff. SFAT O BN RS RHI[D]. FR 48 S )
%, 2019, 5(2): 82-86.
Duan Wei. Parallel Simulation: Motivation, Concept and
Application[J]. Journal of Command and Control, 2019, 5
(2): 82-86.

(177 BRI, FRMS. THI 1]~ 47 % 5 2R 45 i U 07 B iR A
WEFR[T]. RSB, 2015, 27(8): 1665-1669, 1679.
Qiu Xiaogang, Zhang Peng. Knowledge Engineering in
Simulation of Parallel Military System[J]. Journal of
System Simulation, 2015, 27(8): 1665-1669, 1679.

(18] 75 A&, VUSRI . FOARFI ST B AR AT - 7o T/ I A &
L[] AT IR, 2022(1): 5-19.
Fang Lingzhi, Shen Huangnan. Conceptualizing
Metaverse: A Perspective From Technology and
Civilization[J]. Review of Industrial Economics, 2022
(1): 5-19.

[19] Z=kPH, BRASIE, By, 5. (5 S R R HE AR LER[T].
H 374k, 2019, 45(1): 37-50.
Li Hongyang, Wei Muheng, Huang Jie, et al. Survey on
Cyber-physical Systems[J]. Acta Automatica Sinica,
2019, 45(1): 37-50.

[20] LTS, Rzt BAR. LVCH BHARLRR[]. FaiEEE
#5157, 2010, 32(4): 1-7.
Zhou Yufang, Yu Yunzhi, Zhai Yongcui. Review on LVC
Simulation Technology[J]. Command Control &
Simulation, 2010, 32(4): 1-7.

[21] 3K 5, TR TR, BIBEIE. T [ LVC I 2RI 2 R 48 LI

REFR[T). KRG EAR, 2013, 25(11): 2515-2521.
Zhang Yu, Zhang Mingzhi, Hu Xiaofeng. On Multi-
system Integration Technology Oriented to LVC Training
[J]. Journal of System Simulation, 2013, 25(11): 2515-
2521.

i, FE AN, FFEE, L B4 ALV O AR Ik 5k
SCARRCERTTE[]. REUUTFFAR, 2021, 33(4): 982-994.
Gao Ang, Dong Zhiming, Guo Qisheng, et al. Study on

[22

—

Virtual and Real Entity Configuration of Army Units
LVC Tactical Training[J]. Journal of System Simulation,
2021, 33(4): 982-994.
[23] 455, FUSFIE, 20K, &5, H2 T IR OCHR 2 T R = D) e fic
BIERT T[], THHHLEE IS R S8, 2007, 13(12):
2469-2472, 24386.
Li Liang, Guo Qisheng, Li Yong, et al. Qality Function
Deployment Based on Grey Relational Analysis[J].
Computer Integrated Manufacturing Systems, 2007, 13
(12): 2469-2472, 2486.
Feweal, XS e ik, T ) ASKAS BRI TR RS B R G
TR IR ERASHAR, 2016, 7(4): 1-5.

Jiang Xiaoyuan, Deng Kebo. Command Information

[24

—_

System Requirements for Future Informatization
Operation[J]. Command Information System and
Technology, 2016, 7(4): 1-5.

[25] WRECRS, XU, Boak, 5. 2T GQFD ) & H S 2 To AHL
Al A 1 RE 7 SR Hr (0], K 00 5 R, 2016, 41(9):
142-145, 150.

Chen Yiyu, Liu Shuo, Zhong Bin, et al. Requirement
Analysisof Police Anti-terrorism Unmanned Aerial
Vehicle's Tactical Performance Based on GQFDI[J]. Fire
Control & Command Control, 2016, 41(9): 142-145, 150.

[26] ZRifglE, B, BONR, 45, 2 T GQFDAL K & % 4 12

DRERERE J7 % 3R 70 M [J]. Jeae s & TRES# 1k, 2020, 41(7):
228-232.
Qin Haifeng, Hou Xingming, Liao Xinghe, et al
Requirement Analysis of Space Equipment Maintenance
Support Capacity Based on GQFD[J]. Journal of
Ordnance Equipment Engineering, 2020, 41(7): 228-232.

http: // www.china-simulation.com

* 2463

https://dc-china-simulation.researchcommons.org/journal/vol35/iss11/14
DOI: 10.16182/j.issn1004731x.joss.22-0724

10



	Requirements of Parallel Combat System Based on GQFD-Coupling Coordination Degree
	Requirements of Parallel Combat System Based on GQFD-Coupling Coordination Degree
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/slIvIxv2zz/tmp.1706065204.pdf.Bm7QW

