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Definition and application of evaluation method for kill web density
in distributed defense

WAN Li, LI Yang, BAO Yunxia, ZHAO Wenting, LIU Haijun

( Beijing Institute of Electronic System Engineering, Beijing 100854, China)

Abstract; To improve the resource scheduling efficiency and battlefield adaptability of distributed defense systems
in complex adversarial environments and to solve the problem that traditional characterization methods mainly focus
on local capabilities and are difficult to finely quantify the global spatiotemporal distribution characteristics of
resources, this paper introduced spatial density evaluation into the effectiveness analysis of distributed defense and
proposed a new characterization method for distributed defense capability based on kill web density. First, this
paper proposed the concept of kill web density to quantify the spatiotemporal distribution characteristics of
resources. On this basis, combined with threat weighting and gridded spatial partitioning, this paper proposed a
new characterization method for distributed defense capability based on kill web density. Secondly, by
systematically defining the theoretical model of kill web density and combining the multi-dimensional constraints of
command and control centers, tracking radars, guidance radars, and launch vehicles, this paper constructed a
dynamic density evaluation framework based on polar coordinate system partitioning to quantify the spatiotemporal
distribution characteristics of effective kill chains within each unit and proposed a relative range index of partition
density to achieve the refined evaluation of resource deployment balance. Finally, the effectiveness of the analysis
method was verified through the simulation of typical attack-defense scenarios. The results indicate that the
proposed method can effectively distinguish between threat-driven resource bias and the strengths and weaknesses
existing in passive deployment, can provide an evaluation basis for the optimal deployment and adaptive scheduling
of distributed defense resources, and enhances the adaptability and high efficiency of distributed defense in actual
combat.
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B IEZ P i F G Ho i R gs o e BT EE 1 G AR h U i -l - 3R
PR O S TR 2 AS B S R BT AERT A, 4 WA RORPIREAG 3l o e 45 T AR A AR Bk 22 4
AP RIS O EER R, i AUEREATT, ARDIRZL S B al | LUV RUT 55

R EE: 2025-05-15; XA E; 2025-08 - 21 ; MEEH%E B 2026 -03 -20
P& E & ik . hitps://link. enki. net/ulid/23. 1235. t. 20260320. 1122. 002
EE®N: T #i(2002—) , &, W05

WIEEE. 2= 7,2350948936@ qq. com



55 4 ]

JIF, A oA A A 4 B B R SCS PG DT i - 157 -

N ARES , ShAS DU B o A AR SO 2 i 22
BE IR AR (5 1 T 6 R Ui, SEBLR 2R A b
A

A3 W 2 o3 A 3B A A &R B SMEOE S R BUE
2 BT TITAGE B — vl - 227 i £
TP A 3 B Y TR [ A 29 PR e o o0 BB L 2
BT U R B 45 K1) AR A T GE Bl A
PIBESSHE , 2% 00 3 o R PRI ol S AR 455 K
SFPHRE R YIRS 0GR Y I Bl |
YRR M2 | [ 58 42 Ry B R fe AR TN, 325 dme it
AEESIAS TN 5 2 GEM A, mT 9 2 By A fiE ) £
LN NPT BE TR . X —ZE MR AN O T
FGIR RO RS B A DA R R, i
A3 1 S AR R A B A R A B, B E R THA R B
TRV ZEBUAR A i R B 28t i R AN

UTAFA , oA A B 3% 1 I AF S 40 L BA
R, eI B U4 Dy T, Shi 551 4R H Ak
TR R A B 2 BE Sk | a1 A RE ML
SHZ HFRBHRIC AL, B2 52T 1 sh AR T Bk
PRCE . PRRANAE 25 A B R IE A
BB T RORAE AR T B R, Avei 1 E
B ACE RERA , B UL TR AR - H
PROTEEIR R AR, BAh, I NAMR Z A TSN
BRI T IR EE S A7 ~T (3 25 23 B 375 e A8 S
VCRCEUNE AL 3401 SRTN, H2Tr  AR 4
JRGETHE bR, MELUAE 24040 2 Ak B 480 BE 7 11 2 ) 5 o
PERFAIE , S BUR TR 5 2By A ke O e R
7o XIS P OCHR I, E vk vk 42 Z B Bef Ak
RERY G 5 AR R4 BrESR A7 BRI 1 3l s
G TR AEIR . SR AE 7SS DA 2
JRI PP 28R 4R T 1 R MRS 1 i ) 22 ) B
Mo Li 82 E A RE RIS RISk B 2b
B T Y M 28 S A RALRE T . A I
L FARTE T3S RCR . IR0 A D14
X ) 25 ] R B8 I PP ) SRHRAE , 32T T SR 20
TIPSR 2 R A3 A AR 2 5 ¢ 5
K (I 2 RS RN Bk = 5 R, 2 oy DR T B A
MG KBRS, LA, B A AL B Rl T
FEBAL VAL, XIE A5 2 ST IR 4 H AR
Seim ATk i 2 e AU pR KX s e fE
PR IREUE F AR R, Liu %2 R T
22 FUbR 73 B 1R AL FR) BIF S 0 2, S ol ol 2l 285 DA i A2
THNE SR, IR, B SO S 2R B R R T,
At — 2 A A AL 977 40 FE 7 2 1) o A R P 4 5
BHZSIN PP R B, AT A1 S AR ST A
R IHRZIDTIE

BEX IR AN, AR SCHR R — 55 2% 40 0 %% 2
A BT RE ) SRAEHT Tk %07 R TR Y
A FEREE: A5 A UM AL A% A2 18] 731
e A At 0 2 R I R A 5y DX JRE AR R A 22 1
P, A BT A 5 A 23 A R A s [ S B AR
AEAS R B R, R Be WEAl—2 W — 1k 7]
PRYE T2, Bl B AN S ) 25 BEALE] , 1 i 1A
FANS AR A4 50 Bl A B S, Ay A X A 5 U
PUALTRE Sim LR AU e TR fmilid
B 05 BLE T BT 375 12 B A AT,y B 2 X PR
ST B R &R B BT IR A B S AL e AR THR AL T SR
A

1 - B3R A5 P AR A

1.1 RENZTEEIPER

o3 A 2B AE A 0 I ) RCREAZ O AE T H bR - f%
Vet ) A M N U TS N T = B -3 @l = R
& L 37 B X g 2t oy R0 A H R
BRERINEE 1 R EIAE T SRS AE K hEHE
I ik [-h-ij-k (AR | iEFETO b $8 95 BR
BRERIA i BRER B AR S WS e Rk
FH) ., X—-JREHERESR WERES
REA 5 S 2 AR T A, LA R M v A 248 b
B0 R)

S SRR E p S 53 A1 2 B AR S DI oA
Dttt o5 A 2B AR S AR O BERCRE U (B, H3kik =y
p =Q% (1)
. Q WEIX BN A R R, Q) A iZ XN
AMiHERE, —HRIBA N

Q =card(C) xcard(R,) x card(R,) x card(F)

Qo =card(C,) xcard(R,) xcard(R,) x card(F)

(2)

K card HEGHABEREH, C R F
TERUFRIE DRGSR, D 2 29 o A5 R IR B R Gk
G R, NIRRT SR IAES , F AR
AR FM R RS, C, o A B A 148
FEHODES Ry HITH IR IRES R, WITH
RIS ES, F, NI RS 258G, TEf
A AR b IR A S BOFEIE -« fe 4l -
RIS - # R EHIL - K4y A&, A A
AR
1.2 REMBELAREH

AU I 5 16 R ) BRI A 5 2 A T R PR
il , 2R SR R e B e T o TR e I
S, AFREE G RER TS RSN R A



-+ 158 - e NS B | A - =

5558 4%

4 J7 R R BRI,
1.2.1  RETELR
1) R ERIRA =R, R o2 5 in A 4
FRIEMIUA, WEERF EREARARABES,
WEF
F, ={klF,=0,Yk=1_2,-- K| (3)
K Fy 5 kAR N ) FR A ae
)P BE SR, TR X R 5 B AR A
Wb, AR RS ICE F, .
F,={kIR}, <R, .<R. ., lol<oh |
Hyia SH, <Hj s Vi <Vie | (4)
R Ry R 2351 R 18 38 JSAHXT 26 & A K G
BERIE 55 kA R 252 0 D SRR s X
NN 3 1 b = b D (DO O o N NN [ 9 E
KRG TR, H, Hy, Hy,, 70500 H AR 8
UK BB b ARG A5 D i SRS b A R 04
AIKARTE, Vi Vi 73900 BARAE XS 56 & A & G
R 5 kARG R R MR,
13X (4) AT, Ry oK fifds 20080 08 0507 &, 1 Se R
W ER CATHE S A S O T B 2K &
1T, RYE A% e B, vl LIASH]
R, =min(_b + /b ~dac , b*=4ac
2a (5)
b <4dac

TCEFE,
For
Vi
n
2Vl
VF
c =RfF
R, R0 )k 8 38 5 AR R S AR R L H AR
HEA AN K B 4B, v, Ve Va5 H bR R
RATTENTALG L R ZEARXT H ARSI
A2 (5 ) SR i A5 21 7000 38 38 AR X R 5T 4 A
P 0 TIOR3 A7 AT SR A7 T B T A
BRANGINES .
1.2.2 BREEFERAR
D IREE B RIRARAR, HIEORN I
FOREERE ST, M E R TR IS ) DR VR 2 i 2 R R
&L eER,
R, =1{ilR.=0,Yi=1.2,,I (6)
bR EE i AN R R A X I 38 SR
2) DN 7 S Ao, R TR R R T 5 H AR
AEEIFIR 8] H PR . A E IR R B A R 5 2
WHYES ICME R,

-1

a

R, =1ilR,, <R, <R, R, . <R, ,<R,.,
\P <P, H,. <H<H,/| (7)
PRy, R, R, R, 23 R FAR B8 SR H bR
HEASAHXS S @ AR T A AR IR R B IR B R
AT TR XL B, P, P, 53590 30508 AR o5
M ERER R ISR KRR ], H,,, O
SR AR § A BRER TR IR A X PO A X AR S
1.2.3 S EHBELHR
1) Hl SRR AR, AR R AR,
P S T IR R R A AR A SUE A IEE R, .
R,=1{jIR=0,Yj=1,2, ]} (8)
K R A j AT S IR 500 L A 3 T A
2) PRI 5 A0 PR S kR D R A
SRR, AR IS AR I O A
G eER,.
R, = %leirx.ill
\P <P, H,, <H<H,,/ (9)
KR, R R A0 B RS S A A
il T A IR R T TR I8 R A DX SR R A X
B PP G ki R A AR R T A
FERR SRR BSHERR B, HL, O3S A SR
TR X e SRR A AR
IR (3) ~ (9) , B FFETRIELR AR S
PR ST MBS
R ={ilVi=1,2,-1'|
R, =1{jIVj=1,2,-,]"} (10)
F'={kIVk=1,2,- K|
Ao AEXRZE B AR, 1N SRR TR S B )N
S TR IR BB, FONER IR ZE B AR A SRR A
1.2.4 f{#EHOLAR
DAEE P ORIEERAR, BEBH LI
Ab PR E AR L B A PR, R dR R O
FRA R ARAMES ILME C, .
C,={h1C,=0,Yh=1,2,- H| (11)
L C, E b AR L XN A TR
2)BFRELR, T RE N R KARGEF
P T 0 O o 4 B R N S A %) SR B
B MR OME RS AR AR S ICE G,
C, = | hIRL, =Rl RL, >RY RL SR},
Vi=1,2,--,0',¥j=1,2,,] ,Vk=1,2, K
(12)
KRG, HH R A ETE G B R (S R,
R RESTHIAG i A ERERTRIK 5 7 A A
55k S RET M B AR O RE

<R, <R

zmax ?



55 4 ]

JIF, A oA A A 4 B B R SCS PG DT i - 159 -

2 FRT ARG WS R A R T

BG83 MRREVEAL 2 % T 2 R Ge 48w, M
DI HERAE DS (8] 70 A5 1Y S B MR e . JEHAES)
Xt s B0 UM 2 AR A A S
A AR 42 SRy H B EAT BT IR B2, B th IR v i 4
SR AEER O B AE ) TR, I AR SO
TR 2873 DXCHY A 1 190 2 B DPAG ASEL , A) G 4
W E AT
2.1 E TR BRI E B G
Rl 7% 45 090 85 B2 A AR T I B IR AT AR &R
PLR(3) ~ (12) X B FR 1 20 J5 A T LA
C,=C NC,
R,=R,NR,
R,=R,NR,
F,=F NF,
K CONARIREES Ry N ARURE H A EA,
R ARG T EHIBES  FoNAROES E A
MRAER (1) ~ (13)  FERE A 0 2% BE AR
card (G, ) xcard(R ) x card(R ) x card( £y )
p= card(C) xcard(R, ) x card(R, ) x card (F) -
card(C, NC,) xcard(R, NR ;) x card(R,; NR,, ) x card(F, NF, )
card(C) xcard(R, ) x card(R, ) x card(F)

(13)

==

(14)
R A 08 U 249 RS 20 R 45 X 4% B H R R T R
A(14) , FESCIERE T, A S P B AH 55 U5 B 25 0 A
PR ZYE B AL, B 507 HE ST A% A Ay A% AL AR
DU T Bl Ay Ao | W 5 48 23 el e 7 o7 £ ) 43 R
TR X AR ) 2, T R B B R R TT , 7E IR
b SRR DX RS I 5 R BT N A BCR A BE L
HENT X R ALY
ptr,) =40
K .p(r,0) R0 r BUEXIEAN, LA EE 6 X453
B3 DX, AN B XA R 05 8 o R 1 BE R B HE
Qo (r,0) A2 v, FHEE T 0 1 he X A SR M
BH Q) AR r BOREITE X8 N R A0 8E B8
TEAL 8 %% FE VAL A, (KIS A SR e o H
VIS W S 68 37 s R s I AL e e 22 5 R I, T
A (15) 5EaE b, o — 225 A B br B E S5, 1
P AL % AR
z l(‘”z : Qf))
2 l(‘”l ‘ Ql)
S Q) JERTEAR PYEFRE 1A F BB D
Q' et RS LA FBRATA A 5663

(15)

2 (16)

w, A 1A BRI R
HPEA 42 R B IR A Y A3 TR X A 1, A
JEMZEAEDR . 2258 SO 3 DX JE e KBS e/
[ENVEROP =S E Al
max(p(r0.0)) = min(p(r.0))
Po(ro)
Ay (ry) 2B g B RE DX 38 PN 25407 190 25 B2
2, max(p(ry,0)) \min(p(ry,0)) 535 HF4N
ro WY XIS, LAAA BE 6 200 7045 Hh s XA R4
HERURE R/ IMA
RV R 22 B SE B B, T A G O AR
HENT i A BEPEAN AR Bk R A I % B T
Wiy 3 28 445 — e AL 1
y(ry) € (0, (ry)), B
y(ry) € (i (1), o (rg)), —ME (18)
y(ry) € (my(ry), +), AIYZ
ey (rg) oy (rg) 200 BRI ZEDFA 2% 45 R0 22
SIREEEBIME, ML T BE XA y (r) e
(e (ry) , + 00 ) IF RIS W 25 B AN 5 JRy B X
WAFAEGEIR R A, T i i S SR B U e At T
H 5 bR L DX ], 3 1 5 70 A -5 gl 25 44 C
[EWEE =
2.2 REHEBARMULBE LT
BET R FEVPARZE IR | W S T PR SR e afE L
PSSP, Bt VAL - 12 W - Ok R
A ANE 1 R

'Y(ro) =

W e

W W7 E
| |

ARG E
SR EE TR

BT RAAL

1 RMEMEETEBEREE

Fig. 1 Flowchart of deployment for kill web density evaluation
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Fig.4 Heatmap of kill chain density in saturation scenario
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Tab.3  Deployment position information of friendly forces
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Fig.6 Display diagram of kill chains in defect scenario
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Fig.7 Heatmap of kill chain density in defect scenario
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Fig.8  Fitted curve of kill web density range changing with
deployment area
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