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Task-requirement-driven assessment of coverage tightness for anti-missile early-
warning radar deployment

NIU Chuang?, LU Jinjian'™, YIN Kangyin?, GAO Ting', LU Chen?, WEI Xu?

(1. Air Force Early Warning Academy, Wuhan 430019, China; 2. Unit 93209 of the PLA, Beijing 100085, China )
*LU Jinjian, E-mail: Ivjj1979 radar@163.com

Abstract Existing studies on anti-missile early-warning radar deployment focus largely on optimizing station siting, yet
offer no computable, diagnosable way to assess whether a given deployment can tightly sustain the detection task chain. This
paper proposes a task-requirement-driven method for assessing and diagnosing coverage tightness. Working backward from
the intercept requirements, the method derives the spatio-temporal and accuracy thresholds of the four detection tasks, namely
search, tracking, identification and precision tracking. It distinguishes the shorter identification range from the detection
range, and characterizes tightness along five dimensions: spatial, temporal, task, handover and redundancy. Aggregation
proceeds in two stages. A non-compensatory hard feasibility condition first decides whether a deployment is tight; a
compensatory score then locates the weakest link; an assess—diagnose—optimize closed loop finally verifies the result. Case
studies show that coverage quality and task feasibility are decoupled, in that a high compensatory score does not guarantee
task feasibility. Adding radars in place raises the score without changing the feasible coverage, because the handover between
adjacent radars fails to form a chain. Diagnosis-guided siting optimization restores that chain with fewer radars and attains
fully tight omnidirectional coverage, so station geometry matters more than radar count.

Key words anti-missile early-warning radar; coverage tightness; task requirements; deployment assessment; weak-link
diagnosis; warning-time budget
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Fig.1 Overview of the proposed coverage-tightness assessment method

AR s, R EIAEE D RIS R — I B R, MRS B S AR K
T, MR REE. PO SERUREFZRGZENZRE @, D AT s HzmE, ASHEE5%E
FEFR AT s R R W LLAS SR 18] 26 5 B A BB AR AR BN, T 20l AR5 1T, Rse s
FRAE RBAPNVEAL

RSB T DL Rk

H1 (BBt - B R afe ARG R B ={od, ZIim, HsERER 1.2 W EMm%
SO E s B R B AN E PR I B v 5 RINE TR AR

H2 (AT« SRHEIXRGE A TFREES B2, A BUE S R pirE, 756 Bu
PEIr s e

H3 (REH—ED) « FMEHEERATHAES HES Tr () ik, F—r24 T3R80 Z060E
K BIRE S AE RS T i AN T, 0 B AT 53 n & P R A R 2 ]

H4 CRIIAED) « DA B FHONERE, N oWk, WaE. RT3 AFEI 52 H
K S5HLBNRT

HS (RIME/ED « ENRZELUFE S FHEERMER L (signal-to-noise ratio, SNR) 45
&y ZHakX A — H AR RlA RS B 4% Fisher {5 2 AHM, LA Cramé&-Rao T # (Cramé&-Rao bound,
CRLB) JEMUANTIE TR Ao

H6 (BRI « NHBHILNGEETR Ik, REZINELPN, FREFUME4ERE.
1.2 BifhH =5 BIREREE

TR VR R T ) BTG T RE R 2R T ) S AR I R, — AN T Re T gk 5 A A, ANTEMNE Ty
V) B A R 11 o AT b AR SCOAS B B 2% U A, T LA 7 e 7 B S R B = {o b NP AR %, R
F AR TE AL i, BHINARLGE T 5 d IR A T 35 (R 22 b 20 A (0 AN i e M o 58038 IR A2 D7 A3k T s B
X, 7ESHFE EBOGZE RS, iZBiHE. B NI B B . FE SR IE HRS 4 = B A,
AE LS AL (maneuvering reentry vehicle, MaRV) L &8 5 i #IK Chypersonic glide vehicle,
HGV) , X R A0 E AR B 8 I 5 R % B AR B R S A TR, A SOR T

FRTE DA =M 7 Rk NR A AE . — 2@ BRI, B AR 2 5 A 4 DL BT m R R G,  5IE R
e M NGB 5L, o BTk i 2 HE AR B R . R TS LA, H R I 2 AR A TR
WK, AT RERCH B AR A B PR TN TS B . RN, AR S B AT R X I % S A HE
EAT S BEM T SCICRT [a], SRR, WA BAESMREMS . 8% HIE b DUP K AUCREE A & HUN 7
{t,;}, S RFEAOCFKAOIE. HESIAAN B BIAHUN#IH (radar cross section, RCS) ox(t) b



4 AL AR K 2 224

Mrix 52 E2. A E RE BARRE S AN TR T SRR, RCS YE Rl fEmett, —F R4
ATPAT PR S 0 R R BN
13FBXLBENMHEESE

HER AP EHEEEZREFIAIAE, Ho TIR TR EHES PR 2 [ . K
B (UHF/PIL) {EFBE S/ o #F R, 5 FRRWME,; S OO 1F BB M o PR
s BTGNS K$E. RS R — S PR T N X sk REEHE, K sg. =Kl
MEIEWMR LR, HMB. F& 508 RS E A JF 5k B42428],

* 1 WEEMEHIESE
Table 1 Radar types and their assignable task sets
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Fig.2 Detection task chain and frequency-band assignment along the incoming trajectory
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Fig.3 Effect of target RCS on the radar range of the two bands
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Table 3 Radar parameters of the forward-layered baseline deployment
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RS T AR ST ORI B T TR TR Ok A B o VT A T 0 15

52 EREMBETEHEHHF

9 [ B G 36 07 R 6 BT W) A AT R S 22 T ) s MR PEAL RE 7, KRGS AL . B A HUR
S HhE My, FH DA ST AT AT PR R SRR 54 TRE R R S WL s BB B HL 12 250 Il B I
FH UL 55 B HE 0 28 B 7 (M AN 38 SN AE 2, 95 fpe v 55 PR 112 W 45t b i xd B
521 Bl A: BEEMESHESHE

o0 s AP R s My (7L 22520 BFFE 4000km) o 7 HBE IA UEAT 45 BE K IR SE AT
%, . RUTERER. RS K HORE R AR %0430 O t° = 2285, tT =236s. t' =618s. t° =668s.
B TR R I HE R S v sk, " BUZE N 848 s. REUEN 912s. AHBIFAT— ZHIAT 3 &, BUH
EREIEM R KE, WREBZER 912s Nrr47a#ik . DUSSAT 55 158 i 2038 BTk, FoR RS ER
A& 244s, R D3 I AIAE & mP, ZHUIE AT T AR, Feas=1; (L4-HESAT AN 25 % 2 #0k0
FIX RS R 7 o, BEHARER) 180s EFEIRE B ESR IR E, ZEHIEER, BRE M,
ForbRU B Z AR e BRER R 2 380s, YR T IRMNAGVE FHBE S S AT . B AR i M T Re e R HIME, 5
1.4 R RS B A T AR 4518 — 8. X ) 5>4 MR RE ISR 5 fs, (B4 D3 50
Yk D4 FAT S IE bR, WHE4E D2 dTiir, 2E4E D1 SR IRAS, S SkEERIE e s E . v A
WO, HoA ERER R 2w R I T B e Rk, MR SKEIRMLE; TUR4%E DS fEF
iy g9, MRERRBAET UHF B mA 28 0, RSk IME, %4E AT AR a] AT 1% 2%
o AT WL BPAE BT R AR AT, 54 FERESREIR4E e AL R . U o) Feas =125 F MU R N
0 X —Jat, THFERSWRE B IL A, BT HAET &6,

x5 HH A K 54 U
Table 5 The 5>4 tightness matrix of Case A
FEENAES S HE O THE LG PR

D1 7] 0.339 0.770 0.404 0.331
D2 i 1.000 1.000 1.000 0.975
D3 5% 1.000 1.000 1.000 1.000
D4 %% 1.000 1.000 1.000 1.000
D5 JUR 0.000 0.336 0.221 0.221

H: BIUAHALZE [0,1] ME TSR, D5 AT A ATAT IR A

Bl HECUT KB

- ~

EH% Tl (UHF—X) N o
N B iE
\848's

N R B
\\9]25

i Bk 180

S e it R2 UHF R4 X R7 X H

7 5 A RS S AT S REPAT (PR

Fig.7 Operational profile and task-chain execution of Case A



16 JEHI AR AR R

522 Ef| B: B HESISH

285

255‘
225 '

195 165

BamEE %9

(a) HhoiAT

285

255‘
225 .

4000 Ty
6000 K
04 B
<o
‘ . w
135 .

P 5299

195 165

(b) #hoi)e

8 S B J7hr <G R o Bl (ZLAE=A W 4T)
Fig.8 Azimuth-range coverage map of Case B(red box = infeasible)

[ — Xt 12 2605 M i e A w5 3w & 8(a) . M 8(a)rl W, AI4T7E 5 % ©=0.583,
B 12 2k 7 460047, HHEE ™25 % B[S]=0.589 . I IETE Swe =0.436, i frE /i LHHE ALY, H
KEME X807 ARS8 BB . B4 4T, & 1352 1652 225 F NS FE M 255w S RSt 7 4%
ANFATH 5 ZAERETIR T, & 1955 285 /N2, DL A 25513 i #2 4000km, &5 (A1 Fi A
AN7E S RIS R BRIV PG s . S ES AL HIGER R (KHEg4E D4 BN 0) o (ESEETER
W, WM Feas=0. AW, HEvfEE BARE SR X, E07EPE B A R 7 sk .

FAT S W R BB bR 78 5 R 18 i/ MEE 2 E A BRI (B 9, #EmN SR TS EIER
WA, FREFE . RRARMG: R SHEBREGER K, RME/EHAEZESE., THEDER. 46
Bl 8(a)I A AT AT k& o3 A, 4% (3L)EA1IX 5 2K SRIE IS IATT, —BUETE L4 DA HA RO 4% A
ANIERZ =T, HAh 2 ZMEKE X 2 0 ERE SRR L H G™ . VUZRAT 5575 78 1 il ik kb 3% Re 75 4
WERTTERR (S =1) , A WLl ARG A7 J LA, ANTE Bk B 5 BRI BE J7 . 12 W Hh b i << o5 382 78 3 i
JUAT M55 AH AR B I8 I A H2 (R B

09F T
osl ® B (2%
’ — (.77 HBAE
07l O i
' =351
Q0.6 F
2 os}
E&E‘f 04f =042 0. — (.40 ]
j—@ 03| o = ().33 ]
. - m— ().25 0
0.2 () 18 7 o
0.1 = 0.12 (.09 1
0 ; y 12y > : g
L BRER B HE IR
L%

P9 54l B AR IL o B 7 G 2
Fig.9 Family-level quality-meeting coverage of Case B



RS T AR ST ORI B T TR TR Ok A B o VT A T 0 17

5.2.3 2 W IR zh i #h5E X BR

K ERiZ W, VR IE 3 EEIE X B EBERIA, SR 1952 255 28575 [l (W T 5 H B i
MEMAE 10 ¥, MARTEE—2 Wi — A — TR I AT IR . ] 8(b) o, MRS AT AT E IR @
57y 0.583. FIATHRIERAII N 7 %, BT LI R RAMERIVE Sy, B ™% 4% B[S] B 0.589 T
% 0.639. HINIE T Sue B 0.436 FF 2 0.472. Xt HEANEAT /G AT WL, VU3 S AR ATAT % 1) 58 A 7 55 299
WA, HOHERFEREE . 19525 2559 52 b, AHARE kA1) A W o aE il ; 285 T 45 1A #: 1
CLIN B 5T R, E AT 4T, HE K EH XERFR LHEH G™ . J5 & Ui B 2X(28) it VY 17 £ 44 20t 7] st 1%,
S, AN AR TOOEAR R VRO AT. AL, ORI B AR BEAT S E R M) B N R 2
15, HEEH I B[S] Swe FAMERIVE 4y, HVANH 2 JEAMERE 0T AT PR 265 IR B Gl 1152 3 A LA 3 Ak
1), FAidh AR E A oA AN, Hee S S e A iR v, RWIEREEMMANE . ERER
M, TEARCAZEPEAE S U REE . A SRR & e T, Bl X EEHEEANMG AL, &7
AR RN R RSB AH R A W AT B B Ak, D SR A AR R R, 7 BEAE R 5 7 B A R R B sh 2RT
17771 ZBA AT 0 (24) HI .
5.3 £EEBERMNSLALILAHH

5.2 THRBHHHAY, WA LXTFERirEEERFEERERE, BRI UTRE. N
JEE IR — £, S iSO I e X AN g, 6 B =R N A vk e ms N Rl AT i R o PR IAHN ARt (3R
6. K 10) ;5 HLL 4.2 IR TS AR SR, R TP —2 W IR RE A DL
D EIRIE A R E (1D

6 Ak SN R AT R o T EE
Table 6 Comparison of feasible coverage rate among three deployment strategies

N TP #50° RO 24° A K
5 0.583 0.583 0.667

7 — — 0.667

8 0.583 0.583 —

9 — — 0.833
10 0.583 0.583 —

11 — — 1.000

12/14/16 0.583 0.583

TE: “—FRIRIZ N RAENS S FI RS BT 5. SEMORIEBORTE 5 < N <16 £F&8fE )y 0.583; HI¥T /il N =111% 1.000.
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Fig.10 Cost curves under three deployment strategies versus number of radars N
RN TSRS R (B 10(a)) ERTEFFAEMR T 5.2 FTRMLER . B ik SR A Ik TR e SR 38 R TE JE
ARG B X BBF L, “FHMNBREE AR . R (4509 ik 5.2.3 THTHRK 5B
BB, RPOR (24 MIPEE 7Rk, HNE T ERRAES<N<162f£{H 0583, 5 52 ¥
JEALAN R — 3, W1 BRI © AR MERTHY A UK X PR BCE A B IUAT HE . H AR )
2, © A HiRTEE 1.000, HATZEREXMHK®ZIE 11 & (R 6) o af Wpailgn s if A gt
O, MER TR E AR R 7 A BT U A BEZE R BT A SR B ET AT, 2 BRI B R A A
PHES (£ 1005km) 5o Be s 0 A B (29 568-900 km) AHY, At 35 I8 REAE Hh BESE A E . R EL
AT 55 . MRSy (B 10(b)(c)) #E—DENEX —IX 70 =g HI I 7 BIS1¥BE N 2271, H
B R AN Swe WG LARALHEAT (£ 0.44 - 052, ZHFAWAT i) , MERTHT A6 07 N =11
1% ®=1.000 ][RI Swe FHZT 0.42 ERTF 22 0.64, W] 47V AR 85 B[R] I 5 R 7 S VR T 1) 1) S92 5 14038
5.3.2 {HfE—IS Wi — AL AER: PSO Lk
PAi KA AT AT B e R O BAR . BRa AL s G2 Sl , 4% 4.2 S5 A0 A0 il AR 7 R SRR . ok
F Ny 13 4k, & 2 & UHF R EFIERE R 5 X BB RIARRET A SRS, DUk 1AM
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FWAR KA w8 WHEIA, HAEVGFR FEANE P I BEARAE S ZEFXELEH, 8
BRI A ER AL T E AT 5%, o 138 X BRI R AR A, 53 5 X S5 40 A A8 B EE b 2 600
km FIGK L, 2 36 UHF G52 1% d ok A v T H A2 850km &b X — A RERIEHIED 2, IRRIRIE
ArH, AIATHE SR RN 0333, B 12 ZsiiE R A 4 AT . i B H N (33) I bR = Ak H AR
J=®+aF[S]+ASw» WM a=025. p=0101 & 35, FHLLELLIFHIE O FEEKX LA R T .
16 6 iR BRI A R T L 18 K1 30 fRigfT, FrfgxtiBans 7. K 11 Fir.

T DR E LA A fabrox iR
Table 7 Comparison of family-level metrics across four deployment forms

eSS N g [E[S] Swe

L 8 0333 0592 0.460
W EHEuERE 7 0583 0589 0.436
JEAST 14 B R 10 0583 0.639 0.472
PSO kG 8 1.000 0.709 0.688

VE: BTEAIIE 6 )5 b BRIt 12 2K MK L itht: N Ak,

MR 7 5K 11 /T, WirEsRmESNFHER 0.333 IKFH S 1.000, sLHlAK™%, WESE
IR IR — I3 BT, AR AE = TAE bR B ASAL T H AR =R EE RS, WAT RS R A A R
B, HSoE R S ERRER T (K 11(c) - K 11(0)B M4 B AR & i iE R ST B, 12 44
FAIAT, EMELE d =1.000 R AT 5545 a7 TOE AT EL, AR B XA . A A B S B A
ST M ORBRE T AE (B 11(a)) o« 2 #B UHF 4% 2 75 14 1925 v 9 40 o) B8 Bl 22 745 5I oy DA 25 4= 7 o7 2
it X P B TR A U — 3 R P ity 4 ) BRER AR BN ORG ER .  BGHER E AE TP L FE R S & ) KIS RS R
FA 1 IR R R AT B EEE ) 1700km, A% Az AR H AR R B TR v ON RN A R ES
SERC—RFIME, 5.2 TSWRIPEE BT (195° | 255° . 285° ) NI EMIEIZAK UHF #REES
R X WrERNST, FORG B E R A X TE HAREE N R BIRY S5 5E . 757 55 77 1) B gy Sl EE R A R
me AL B A A e R, HLAR AL AR AR RN TR BT HE R R IR B 2 Ah . X ERIEAT AR, R
A2 W BT da 00 7 TAIUC S, R LA 8 BB IR I8 BT VR 70 A USRI 75 11 3B A B S I 4 ) P2 2%
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Fig.11 Results of the assess—diagnose—optimize loop

5.3.3 HAE— R EEHAENLEE

32 WEWIERB AR b2 — kM. A — R aT 3 ARG IR, ToUR KA <7 A0 FE 4 72 4
R, R SCARBE U AN N8 21 SFARAT 5548 Teust - N ULBIX — 8 F0 0 B, f— R alxs B, R iR
AR IENELL % (& Tase ={S,T,1,P}) J5, LAFIKE 8 ME A EFIL. B PSO il k8T
®=0.833, RE§ 135N KHMIEY FIATAT, RMAERZ AN, B HE bx s o8 BT s A 500 &
T ) D o (LI 2% BRI AR T S (4 568-900km) Sz AE R RS VE FIBEES (%) 1005km) LAPY,
o B A T8 R — AR B L2 s A PTATA R 7R A AR IE AR IX — i A R B R E
Toust ={T,P})5, [AIFE 8 HEIARIIE 135 KA TIAT, @ [FIFFZE 1.000. 0 WK U 3% — I P 44
S, ARSI AT HEVE A AN A B W o B IR RS ST AR AL R, 24 e B m) ) M ) T T AR ) D ik
M.
54 5SREITEMEAERNR

AT LASCHR[20] ) 52t FAHP DXt BB o 2k 0 TUE SR I 7 24T ARk, i IUE 4RI R0
PR BRGS0, ASHEBERE, Kbl T IAEAR T, LTI EEZ N, ﬂ%%
AR, MR E R ES R MBS, RBEENESHSIRGEEW A, 3 AR CH ™%
PO BB ANL VTG AT 73 o 120 ) I 07 0 O o % 4 o B VT A ME— I E o A e B IR OB — AL,
XF 1-9 43 N B A VT A 8 — I AR B IR DL AR VSR AL, 3 —EU B2 (consistency ratio, CR) /)
T 012628141, Z5R L% 8.
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* 8 ZMERTENATEG RS FAHP Zi6 700 |
Table 8 Comparison of feasible coverage rate and FAHP aggregate score under three deployment changes

HBE AR AATHEER FAHP Z£5 %

v 0.583—0.583 . ~ _
HeE AR B AR LA, THIF 1.10%~25.82%
B i LR 0.583—0.333  AF(-12.37%~+25.45%, 1 59.6%H Ik
APPSO i1k 0.583—1.000 97 7%:H AL

AERARFEAEIG 1 3 FE AL, 12 FIE R eI TR A AR, ST AR R LA, T 26281 A
B TE— B AR FI kbR A, RIS 40 85 M LT A A 545 Wi dE (R4 3,9,9,1,1) , ZEA 1
0.882 J1 % 0.892. UMK, HATHIEH 7 2ME 4 %, TWATHE G ERIK 42.9%, MLEE
SrIETREZ 12.4%, AB|AATESZEEEN Y, SHREEL R HAEEEZ /. fhEs PSO ik
Z AP RFN R — 8, N TR R A AR R . P I RIRAE T, SCHR[20] 48 b i AN
[EAZ$E, T 5.2 Wi B B AR E ST VR e A B4, SO R B bR 2 Ay IR & AT — 4
FE AN & SORT R GEFE TR AR, TEVRRISAE — SR AL RIS 23 2R, SRS TR e,
ENERMBELXR. UHEBESG R, HFERER - RIRE2 NS — BB EU0 2 m— R, AR
S AR TR 6 TR IAL, WK EME R FISMGE, 1o fE5<N<1615)y 0.583, UL
M AW TR I, %A SCHHE R S s A7 LN T, 8 HIEDIA 1.000, BT 75 ik £ s i 5 2 o
55 it 5 /R

R 7 PR BN WM . H—, BHAESES AT A IS . W ™% M B[S] 5 &
BT Swe B BB B &y, T R TS 8ERE 75 SLIE I © GAZATR, PRIV AL BIS] & & Se i i il 6 2 1
AR ATATYE, MEAAEAMERE AT MR A B e i HIE WSS 3ATT. H =, whif Ul FE A HEE A&
SEH. B R 16 &, @ {54 0583, MEcAMALA SEI{ T 8 HRIE 1.000; AJ4T7E i %
FIHE Ry AR AEAE S AL LA 3 SR B, Bl 1 F ok R m AME TRy . TR S B, BHIARE
BB B O 77 1), A5 A A1 T AV O R . A R B VR N U A E R R BEIE K. X —
FRK R UAR T GG E TAL S A . BRI AR S AT, iR Bk R R
FEth B AR ORI S BRER, KA GORS ER S R ) 20 e A R R R 78 B B R I R A AR AE s SO 4 R S
CRTRB, AL A E N B S8 PR R .

ASCVHAG AL A E R S M™% M, AN R EEIA, o AR AR EEECR . AR EHE IE
MALVEAL, RibFEEN 2 BirSERES, o IRARRIUEAIEE 7; HBR & HE S L%, Tk
THRACIRIR, FRIEE S M =B B, SRS LA CRLB T FR 3 ALl i i 58 A

A ECE 5 1 2SR B, R T Lnesk =1, RIPHUZIER . 220N =WER. WHRES
FHIRTI; XEFRZ] 502K RA LA HFES G TN F RN, HIEAE, HEEAEL
RAHBEEME. ERFEUASDAR R EE R, RS iEmER I, £ LREEmATN T
S

6 it

1) ASSCH A AR 5% 75 SRS T S TS TR O B 8 8 o ™ S PRV AG i, g8 AR S5 BE T AT PR A e
(Feas) . F™#1ERbr (@) SIS AT LWIREE, WX &R E S PPl 5 8 0 E £

2) FHIRW, BEERESEFS TGN, HA8082 16 &, o PP T 0.583; AKEIK AT
AT VRS AR 55 A0 BR Ui, MESGEE RS A LTy RE4R TH AT B e %, W WA U e e B 1 3
fER .

3) R FHEE RIS S5 m, 8 HEIE AT s R i A A E 1 0.333 &7 &
1.000, 22 i o B AU 8% — RVE AR AE B8R T TSR Al —2 Wi — A D7 iR A R

AILPPAG L CRLB Jyfi R 5, REFUHA,; Jeef 5l N TR ES 2 Hir e 4 i, Jin
Ji& 28 R 21 A1 38 S W A SRR B B ) 98 8 1007 R VA
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