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Abstract

System optimization is one of the core issues in research of the weapon equipment systems. How-
ever, to overcome low efficiency and high cost of optimization methods of equipment systems
based on simulation, an optimization algorithm of weapon equipment systems based on RSM sur-
rogate model and uniform design was presented, in which the surrogate model was updated by
the minimization response surface method, and gradient descent algorithm was using in the opti-
mization algorithm. The optimization algorithm put forward in this paper had a high precision
and high speed of convergence, and it also had high theoretical and practical value on solving non-
liner problems that were proved in an experiment.
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Weks H . 20144F11H3H ;s BRI HBE: 20144F12A5H; FHHB: 20144F12H13H

R

ERRUREZEEZA TR OHE, ERETHENRBEEERANAETEFEINRERME. HAT
BIFE . RESRBHEZ AR ABERRES, RHZETRSM (Response Surface Methodology),
REBB P RBREERNMEE, B, GAmNEEZEREER, S5 R EE IR
FAR, SHAB/MOREMEERTRERRESR, RARETREERTERNL. SHITRE, B2
iR, GHEAEFRBNIMBEEMKSEEE, MRERSEEEERMUPRERGTRENE RN
SSHME.
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1. 53|

RS REHINEE PHERR, Hae PAH AR S A% RS, R — B8 MaaEmk
TR s 2 IR A 2 & R gt A S & RO B B SR R A MO8z —, HAr, R
PRI 9y W —RMN 7%, R THESIAATNE, ZHiER AR REE e 5k &R
RURE P IR BT RS B AT R A SR A o bR T B P v 2 T AR 2 40T, 3 LUK 0 0 s 2 2%k
RIVENAVE. FELME JIm LIS B ARHE . 71— KR H Tt AR B R Z i B s, B2 %
A T VR [ LI FAR R B AT ik [2)-[4]. HBEAR AR IE R “ Mo - Lk - 87 seilik Rtk B
HRAR AR RIS R B 13 s, RSP IR EON K, 07 B TR 2 &
(IR B R SRR SR HH

B TR (Surrogate Model) [ FALAL 715, & —FhoR AR ERAR AR 5 7 AR 35 05 EL B AL 4
W TF5 3, CAENUR LT 22 =B AL 5 U A5 21 il N [5]-[7] o B T-ARERAE Y (1 1H B B as /N T4 A2,
DR E 35 A R P R 45 E T, AT DK ORI T B 1) SR s AR . A ST wo A 2 45 1k R I Lk
PEV AERTINTESE A MEREIE, DA R AR G & R R K R A (A SR 00 A, SR — AR T AR
FRRLA R SO0 W T A 45 B 1 IR B R R O B i o VR B S SR OB o b 7 V2 AT BT AR R O
s 1M 5 12 F Y A V5 A AL BRI AT 05 B TIRAL 5 55 F T Soe 0 A 40 338 Py 4 e i v T 4 R 2R S 284 (Response
Surface Methodology, RSM)&hi& L HVESEAT mikE T8, BHITTR. w~EIaHRHE, 2R
i AR T VE R A B m SRR FE R AR, R G e 5 M R AL I R T — o JEL i .

2. BTFREBRBNMUEE
2.1 BREARFEE

He T AR (i R 2 R RO FOUAL SR R RN 1] 1 pom . SER IR Fifag . fi s mi i, AR
BRI G SR DU IR o AR E Se Wik R 07 58, X it 8 Rt AT ik,
HEFEARLERS TR R AT S RE SN BN 35 I BETH AR, #EAT RIS, A B 22 (8] 34T 9120 07 1A
Wiz, B RRMTTE: RIS D aira R, Rt 2 G B A iR 7 S ABUNEIEN, F
iz RN AT O B SR st SRPGRRHE, W E w2 e A R Bk
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Figure 1. The fundamental of algorithms

E 1 BEREKRE

W, e 2 IEAREAR Y, JEATAS L A ARG G, AT ARBR A & 1 S R T R, T R
R WiE LA SEBATIEARAL, 750 55 2L IAEAS i, P ACERE R AT B0, DASR s QB ARS JEE

MEE IR BT LA, Rt T AR R 0 07 AR SR RO B AR R OB 1 2 28 F b
P ST AR ARG 5 s RE PR AR Y o TR 75 e 5 1 ) B R T VA AR I B 1 77

2.2. RSM X184

BB ARSE 07 FOBE RS . B as R, ISR A G TR RIAER . U,
ST FAE R — AN . B I ACER R R AR, mE 7 B AR EORE R B R AT 04, 723 RS R
MIZAFTT, FTLORIERE D T o, MR . & A A A R A 4 mi 32 h [ A8 . Kringing 45
R AR . N T MR DL K SVM #EALSE, Jhrb 22 T 32 A A 55 Kringing B i
Mo 5 Kringing BERUARLE, i 52 mAQEERERY R H AT TSR, RO 2 (1 — AR

32 P i 7 QA 7R e e A 2 5 AR R AL I R R AR A AE T 1) BERURRI . WCBIGR BEPR, iz A
Rt eAb et AT DARBRICSCT HARIRAE /s 2) EHE e, X i R B (— B0 10~15 4t
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A R), HARRVERREA R R0 BB AR & e s, 3) BALRAZEYINE, MEHRA R
BT LA W A R ) AR R PR R R K /N, AT AT DA s e A R e B R I B . R
ARSCR A R S A R AR Oy s R Y, 25 S JiiiAe, T g ok aas e & ik R LA )t A
R R SR I35 W SCHR[8]

2.3. BFImER R ST

LA A i 7 T 4 QEEAS ZR AE Ah BE v B (A 1) A7 A A AN AL PR TR, Dy 1 i sy Wi o [ A 7R
WA AN SR M LA AR, 5 B A 7 A B B4R 1 H 1o BUBE 23 A2 — Fh o B B AR
THE[9]. BB AT, R TR, W R B T i A R N BURRR AT R R, T b
BB AR IR 7 AR RN, 2 TR 25 AN BE AR 5 (0 A 3k AT HE P A A2

BEAT m AN AH L S A 97 R AR R X P X, R AR O 0 AR o AR U] A E B T OG R
y=f (X XM o M AR X AR SO BRI A n LKL Hedri=1,2,m . BRAERX, i
By RT X i1 B2y

1 i " 1, MR i .oy, jm X ..'X"'...
gi(Xh'sz""’xji’”"x' ): i i - i i @)

T |g, | BT
E(|gi|)= ,Z, p(x}l,xﬁzl...,x;i,...,xﬂ)

Horp P (o) RAAMAFZ AR E . E(|g5]) IR/ T AR B X 0w AR R y B I SRR, R
E(|g,]) ¥ & B RAEATHT, MIELPRERAERE S, M E(|g]) < &M FZBo R =R,

2.4, W

FERE TACR A (Ut e & AR RO B, I ¥H(DOE) & — AN E Rk, HHAMET, M@
AR BT, BT AU AT B> ) B AR TERIRE A R, SR S WA 2R AR AE AN e vt 22 1)
AU, I RME AR AL T R R AR . B ars H 0 Bl st o7k, SRR IER It BA%
ity R TR ROE L EE s, KSRt At L B SRt E . 5 AR B A
EE, 508t B 50 o B AN R (07 [RS8 R 1, BEAS DAL I REAS SR L R B 1 YT B (S R
TESCAR [10155 N ORI T IR BH, 6 AL B AN i P 9 RO, 359 50 VT H i i B B A T oAtk 36 v i h ik o
08 A%t (Central Composite Experiment Design, CCD) N2 —Fh AT #t BRI 91T 732, T [=1H
ey At

T AR e AR REEM A B AR, TR E AT SS . RIS AT A W R FR AR AL
HE 2, ARSI R BAAHEMRE, MBI TER BTk S, B AN € 1% v
BTN RS AR L, ASCRAS IR RIERA L, TR, e Al
ERA O G BT R R R

25 RIERBVEH

IEASCHR L] Rt , ARERASAR (1 5 2 5 v (BRI RE 0 S0, B2 20 A0 A L AN 2%
H o ANSCR ]t /N 82 T T A AT ARER R S, /M N AR SE B, RFRRGE AR B2
RAEBAT AL, BT T — ORI, B A5 2 EHEN D ik o e/ MmN i 5 2 5
X/ T R A AR Y BB 5%, I AR SR KA T, U i R A i 7 i TV

O]

1 1 i m
gi(le,ij,"',in,"',ij)
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127V B WSSO T D [ Bt 3 f2 B 2 X (B) R (4) :
|yk - Yk-1| <& 3)
|yk_9k|S§2 4)
Hor k AR EL,  y, AR OB IR SR, a0 2 T Al T e B AR, X
PRANE U ORAIE T S R AR RS B2 o X R AR BR AL B BE 307 75 vk, 0 T BRI [v] R 4 DR WA S T et A (L2
H TR IVENAE RS T FOEARS R, 20 7R TR R IR A8 %, pr MR AMEAE A FE i s Y
A JRRE R, X T 28 1) 2 0 AH In) 25 2 P N R i s DL . DRI, 107 V20@ & T Ja i e ks B S A o
PR Y B

2.6. EF RSM REARBIH(HEMUEE

WRAE LA b4, AT AR 22 T 2 AR AR A (88 R 4 1A R LA AR AL B«

1) MBSO RAE X =[x, Xy, o, %, | SHAT IR Y = [y, v, y, | BEATBURIE 47, #R 4 A5
Q)UFEIEE RN, MR RERATHT, BT AR B R R R

2) B HIRLT 7 AR U 18 A B AL R BT A (R AT REE, SRR X, SRR EVEEIZR
TS P TR BE TR, 8L A R R AT X 5

3) TE X, MIARIER A R o A BT AT R, 0L o 8 T AR AR Y

4) ZFIBRIE T AT RS, 1B AT R A X,

5) HIWTE T RS, S M X, SRRy, IUAE x AESRAE, A B A (AT B B
X'=X"Ux , #3).

3. sEBlsrHRr

& AR 28 T RERB R A AL AL S0k, DRSOV I SR RE 1 ou ARG BLAR 2 e B A dak
W R RHAT A T

Vel A8

20757 g O KL, BB WL, STER KL, ISR AR LB A R G . SR 2 s
AR, E S HS AT RS S LS ALRURE, X R G a2 H bRk AT Rl . Z2A0UE, SRR
BURE, Xk 2 H AR AT b axtin Ry, RAHURERANARA ST KRBT, A RPTLREM H HLEOR
ST PR RIS BGEEHURE R P TUE HARBEAT Bt o 23 24w B I S TR FR[12] 04 1 s

BT RS RAHEERG, FRAGNRS RGEH . AR THRAR[13]1a04 2 s, 5772
HEEAT M2 O ALRE T 3 BF 2 SRS, HUTXIEP AR S . BRENERGH - MHER
GiA 8 WA S AN A, B 4 MURRE, SRAEERS T BEIA L, B 2 SRS
AHATATYT, SORHITER S0 30 kme FiA RS AT CURSHAERER 4 A HAR RIS 8 MU # = ur i iR B H
bRo B AR X IO R BRI X, B2 T A H PR B A R 2, BRI S 2 MR
PR .

3.1 R

52 PR A T 7 ERE 7 DR T, BRI IREREE, 0N X = [NV, G, TR Se e HLRE R
Wk, HUEhAE RS AE . T T EE, Wi s b e AL R [0,.0] X TP, i ¥ AT
BT AR ] B SRR, (T U, (18) B AT R B th F AR i 3 RS I,
AR AT R R Z, SRR RIS 1. 4. 8 SIHTRI T, AEIRBE R 3 Fis,



He T RSM AREASE Y (1 G 3 6K R 7 A AL SR 7T

ZW T mZEN D =0.1394
3.2. fARCLE

X R G AT AR 3L, A8 AR SCHR HR 0 i T 22 o e 7 T A B ASE 2R (1 28 2B % A R 7 SR T
% ARPERE) @)URSEN], ¥ & =& =005 [14], £=0.001, #kid 27 WG RILLES Ran e 2~4 fir
N MIHER X ={N,,V,,C,} =(0.8708,0.96639,0.97216) It} ,

3.3. ZHig AT

Rk B AL i 5 B AR T AT LR

W RIS, RSB L 4 R,
FER A R I 5 s

MULERALS IR AT L, I8 R AP TR TR AU et 45 REEAR — 2, Hrp 5T RSM BRI 475 JL AL A
FFIHEAT 1 45 YOEAR, FECRIEFIURE LRI, il siod B2 W) & T i 0 AL 5

Table 1. Air attack formation tactical index

i1 mRAEHER

RTINS R P, = 0.88899 .

o FEA p AL FACEE AR A AL S b

bz HREHRAR A E
RCS (m?) 0.2~2
Rifi KL TRATTHE (m/s) 180~360
TN (km) 8~12
RCS (m?) 0.02~0.2
R £ G TKATHE (m/s) 180~360
HBE T (km) 3-5
RCS (m?) 0.01~0.1
USRS L TRATIESE (ms) 300~600
HE 5 (m) 50~100
RCS (m?) 0.1
Ml as G TRATHE (ms) 300
Bt i 2 (km) 0~30
RCS (m?) 0.01
GIE=9rdint iacdi TRAT T (ms) 900
Wk PR S (km) 0~50
Table 2. Air defense weapons tactical index
i 2. R RBRG TR
ESE = 2N fabrfE
Bk 75 (km) 0.03~24
AE IR 5 (km) 3-80
FLR R 0.7
W7 % 22 45 S S () (s) 10~25
HIE RGOR ERPEES (km) 31.9~373
ik (m) 35
TRSE I () 0~180
S5 2 (km) 0~80
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Table 3. Air attack Uy, (18") uniform design DOE
73 BEER U (18%) HaRBRItR

FHE BihiRA N, PLBhRETT Y, R Rk C,
1 0.1 0.618 0.55
2 0.15 0.765 0.1
3 0.2 0.912 0.6
4 0.25 0.5 0.15
5 0.3 0.647 0.7
6 0.35 0.793 0.2
7 04 0.942 0.75
8 0.45 0.53 0.25
9 0.5 0.677 0.8
10 0.55 0.823 0.3
11 0.6 0.97 0.85
12 0.65 0.558 0.35
13 0.7 0.707 0.9
14 0.75 0.85 0.4
15 0.8 1 0.95
16 0.85 0.588 0.45
17 0.9 0.735 1
18 0.95 0.882 05
Table 4. Genetic algorithms parameters setting
T4 BEEESBRE
FARBE wEME
it = SEHR S
W SScE 14K 100 X
HIGAPEER /N 18
P 17 0.08
LS S 0.06
LXETHSH HUERIAE
Table 5. Optimization results
5. MILEREER
RSM 18 27 0.87080 0.96639 0.97216 0.88899
& 100 0.8 0.98 0.97 0.8889
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Figure 2. The relationship between attack strength N, and penetration probability P,
2. WEHBE N, SREEE P X RE
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Figure 3. The relationship between stealth capability C, and penetration probability
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Figure 4. The relationship between maneuver capability V, and penetration
probability P,
[E 4. MznEEHV, 5RIHEERP, X F

4, LEip

ASCERH TR T RSM ARER B O A S0t o RIS HI I 51Vt IR AR BRI IRREAS A, 15 B
NI N TS VR AT AR AR R ST, e 67 2838 A R AR AL s PR A T e 70 A 2 SR We ek o Jid
SR SHURE R R B 6 4R RO RSB 0 A, Ul B2 SEEAE i AR 3 & R R AL 1 b & I A%, 9 s R
PIEARMTT A R & . FOURCRARA BRI, 1R mualasde s A R LI AR S it 7 — Pl B s
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