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R BAR MTIBEFAERR EHLFITUSRERBROFEER R, HUARHRHE
H#EE. ATHRGRAFRITEBEARFERMBARX MT] B8, RE T —®dtyE. ZrEu
Mg (GA) WEXBEOVER, FASEIGREETF. BB kSR RE R R,

#A GA RIRS R REFENERLRE LB E. TRGHRTT Wi EIE MTI 8%
#, ERUEMZOER AN, EVURETRER T &R AR,

XEE  BERA MTI s, BERE, RERT, BHEE, AR

@S TN957.52, TN713

15 &

BIX(E S B4 MTI(Moving Target Indication) I T4 AR IAR (BiH) fik
PR 13 R4 iast MTT @388 kT 1A RS S SR AMNE, E8X
FhLE MR IR B 25l B A R e KAl B, TS T Ee AR E.

EETER I BREKE#E R T (Improvement Factor, IF) BT T, MTI sk 284 Fa@
HHERE, FRAATLAR FE g MTI gk 2 B | gt MTI s smy B AR, WED
FVELP AT LA & B BT R e ST 1 R 3 (2%, B T LA B e = MTT 38 ik 88k 4h18
B BEWY _E FHIEF T A R A

X TBRLEEA MTI EESA Z$, Mark and Woods!*®) 48 1 7E B 212 i+ 478 32T
KB BT AN, SIAE YRS AT ER) , LOkseekE MTT i 256y i 4 8
WM, XFR TR R SRR ST AR R, HMEREELMK. HshscEk(3)
P T LR AR AR MTL ik 2500 B8, HREHes.

HETOEATER R RS EREERMAET, RiFEREiTRER MTI kSR, 208
H— R AR R, A 2 WA B T R EN B 5 B % (Genetic Algorithm,
GA), & 3 H MR GA MR BEARAIRIT T, 54 WHX R AE T MTI ik
38, BHIT T SR EIRIT, BSR4,

2 3% 33X MTI JEKE 28 R E kit EN f 15 & %
14t —Fh ARG = BT R 0 R MTT ueu 8 23,
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HPe R 82K BRI R, R K2, K3 K4 B ARBMAR. RIBEE
B R GRECH

(1-2"1(1-2K1-271 +27%)

HE) = q g )i k2 = - k3.2

(1)

tFE 1 @i MTI sk 2sey 2%+, Mark and Woods R 42 H AT HE N E
e N ES RATEEA T U, RS M X RN T T e, B FNEEkERT
BRI/, BAERIR T N AEEN MR EE T B R ERFE B . 2ok, R
2 JFEHE R MTI B3 B0 B 4 5 (EWRSMERHR) SEEFaEFEw €, —

ERTTRER BT LR KA.

EERBR SO HEN TR ATEREFW B A, B TEER MTL B SSRIERETE IR,
REZEWSHEEREIF | BEFBHFRSIAHERE, FERTGETENSY: ERIELTN
WA R (—3dB HR) MHARKBIRERMATRT, MARMELIRA Y A, EREET
138 I 2] IR B AR I RC.

W LA EN TR RS (I K1 ~ K4) , MR H—1AEEE, WELT
— A BHRZEFERHSHRALE, HEELH RYEREEE R (URERFEREE) FR

EIEABUE, MERITH A S RS A BRI E R, M T XN LS BRI RS, KA
LSRN E, AMUEH et S, MATREABRRIEWRENE. ik, BIMEA GA
FRIERRITE.

GA REILEH REFEN B Rt R Er e RIRARE S, EXRAT S BRI
e HATE S RERE. GA {34 FHE J Holland F 1975 F&sei iy ¥, 80 4%
D.Goldberg #47 T X BB R LIE, FHMHEENHATEHERMMRAFE. hTEHR

EBEPREEASE. RA%SERE, HHAEAEMTLAEMRITRIAXEMmALHEE.
THERLU GA WEREENERM, it 1228, HAR (LIHEREER) HE
M B FHEE, H PRz MTI ik 80 RECRT.

3 GA £ MTI B K 81kt 895 A

R7 A GA By 42 18] B R R4l 5 & 5& 3B W B 3K (Fitness Function)™8] | &2 GA FIsLiz
REEME — A BEERE. hFERit MTL i sses H R ESEEE T (IF) , %1
AR (H B, £7), KAGEAHS (H 0, £, HHHENEN RN

f(A,B)=1F + B, +1/6,. (2)

Bt A=[a,a0, . ap) HEIEHAKEE, B=(b.b -, bo) WEBMEKHE.

S5Xk&% GA M AMEL, RIOMSHA (AB) PG (LA a(k=1,- -, H)
b(k =1, -,Q) R - HH ML, S0 ZERDSHIKR 32 (7, HIDFNER 2 WEE
TR RS,

fE ER TR EERE b, #1920 MTI kSRt a eI R EEm T

S 1 FEHLAE—AEE L &tk (Chromosome) BIRIEEFIEE M, HApRE i(i =
1,2,--- L) &K@kl [A, B]T(T #FHR®), axlk=1 - H) flbi(k=1-,Q) A%
iRy EE (Gene) .

5% 2 PITEH (Reproduction) BTHHEH. WEITEHLME M™ th, SRRAK
B ey IF, By, 6&,. ST IR Rk SRR, MM (2) 2R B &M B
B, HURERFRE, RAERXKENTRWEAREERNENREME, ) RE/ET
~— PR A E T AE R (BIR R IF f1 6, BA) .
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1
6p : (NZ : ]6,, - 6p5l)1

He IFs B RAKERYABERT, dps BEARFLERFBEWHL, N1, N HE{ETEE
A (0,+00) . RIFITHEHABENREE, KA (Roulette Wheel) #9235 £ 5% Fe fi 4
BT ERE, WA X™ .

FB 3 PATEX (Crossover) HTRIZEH. MNFHEE X7 PHEVLERP Rk (7 L
FEE) , BEITEBRAE, AR N P, L EE L/2 K, EHHETES L £ikEk,
HETFEEAES Y™ | BXHEWEHMRHEEE XRMBREYREAS T —RBUSEERRAY
AR, EXEHREEEN 7 0.6 < P. < 0.99(De Jong, 1975;Grefenstette,1986; Schaffer
et al.,1989) .

% 4 PUTES (Mutation) HTREHE. XIFE Y" 5K AEkH G ENER
HITAERRE, MLV A 1R 0B 03X 1, BRERN P, . BTREENE
RN BAAKSIAZR, XFHERTURBTOK LR, W RE L M 5T B Rt 7R
AZSEE R, @ P, syBER/ . 0.001 < P, <0.01(De Jong,1975; Grefenstette,1986;
Schaffer et al.,, 1989) , (HEHKAIELRF AR, RTHNL GA REFHRBEHLTHEM
(R R RS ER) , FrLAmEX AR R E R R a A AE/MIEREE, FRITHRERE
WHBIRLE. AHBNEFEEFTFEAT BEVEFTRERMTTT, PSR EE AT
B IF, B, #lé, PELH AR RERN, ZRAENITEERNERERY —MEH
BIE Pop ., RZNAE/NAIE P .

22U FEAMETFHER, REBRFRRE M,

FHS MREZRKRYE m BFTERESWE, HHFTHRARABEHTEET—ER
B, WA 7, S et R i, SR B R, B, BOREEN
PRI(E T R B i p B AL REAE, BN HAT R R REUE.

MRAHEREERELEEGF, 2m=m+1, REZE?2,

FR 6 NTHRIERENTREHE, RINZFHER MTI EESRAOOME. WRESE
BAEA, NpARREER, FU, REZZEL,

f(A,B)=IF-(N,-|IF —IF,)) + B, + (3)

4 R £
LB 1 R ERIAR MTI 8538, R asmE 2 Bk O, TR R

RIRZE K1 F1 K2,
+ ’
- é L

B2 WEIHS

(1-271)2 @
1-(K1+K2)-27' + K1-272

H(z) =
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EVT— AL H U o = 0.0191 B, FE L RHRERE MTI ) 28 &N T [F>35dB ,
Jq—{L B B (—3dB %) B, > 0.66 , WAL 5, < 2dB .

Bitat LA X RSB BT X XK P.=80% , A RBEK Prp=20% , Pns=0.1%,
FhErRr A L=100 , SBRZKIEL M4 A% 100 1K, K1f1 K2 EREBEN (-1,1).

it R KBA K1=0.380, K2=0.105(ZiEH et RETETRERY) , HXTRL R [F=36.4872
dB, 6, < 1.5dB . ZECHK (3] P4 JLA K1 f K2 B9ER{E, BRI MTI 38k 284
fenE 1 FrR (R¥ 2~ R¥S) .

T Z% 3 i H ey MTT 3838 3bn LR i R B ay 3 =B ey, B34
BT RIHF P RZFORH A MTI 8% 2% 849 i 35 57 &

=-}0

H—{LIEE (i)

'

H—{LIBE (dn)

=30

40l
:/

B g 04 (S} 0 R : 0 a2 (B 0k 08 |

15— AR 15—k

3 MTI gkik 2% w8 ¥ ue 17 &
(a) AP 2R3 (b) A¥ 1 AYAHARMS

# 1  DERIHBEH R

HE K1 K2 BRI TF(dB) 5,(dB)
(—3dB #3)
1 0.380 0.105 0.67 36.49 <15
2 0.200 20.600 0.38 46.03 0
3 0.000 0.000 0.36 39.89 0
4 0.200 0.600 0.66 28.46 0
5 0.500 0.000 0.66 37.73 >35

M 1A 3 AR Y, Bt epy REPTMaE MTI B FREBHE RAER, H
AAEREREE. SZA¥GEE, R 2 ALK 3 RER G FHABEWMEEW IF ,
EREFEELE; MAK4TERARENBEHNEEMFEABWFE, EIF JRN
A5 MAREFHAGEWFIFE, S8, BTFARNERERERANEA R, B E

B XS HGAUE A T A BIRI1E L.
O 2 i ZEERER MTI g0 38, ZuRRasmE 1 poR B, arifge 28
AR1l~ K4,

PR —FPE T 0.=0.019 &, FEFEARFEKR MTI 848k #EFH T IF>50dB ,
— B R By >0.66, WA S 6, <1dB.
Ritat ey LA BEH (0 P, Pre, Prs %) BN BE 5LH 1 HE, K2~ K4 HRERD
EX (-1, 1), K1BREBTIFRER, &FFH (-2, 2) . 88 RHKBH K1=0.9800,
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K2 =09117, K3=-06531, K4=-0.0219(FiEBA 2 RTaER), MTIEBHE#RY
BEARESNE 2. 22 EF|H TR 3] PABMWREE (R 2~ Z84), LLKEXER [5] +
BB RYE (RYS) .

FIFH RS 48t MTI B8k E R - X A B a2 30 ikes. M4
T MR R RS A MTI g8 5 2% 50 08 3500k 17 1

¥ 2 =BRYHBRHRMYIT

T K1 K2 K3 K4 B@ERE | IF(dB) | 5,(dB)
2 (—3dB #%)
1 0.9800 | 0.9117 | —0.6531 | —0.0219 0.70 5241 | <0.93
3 1.0 1.2 ~0.70 0.088 0.77 4204 | <101
3 0.98 0.71 025 05 0.63 43.42 0
) 1.0 0 0 0 0.30 56.74 0
5 | 0.984375 | 1.6875 | —0.765625 | 0.8125 0.90 16.65 0

=20 .

R Ll &3

lB—ﬂ:'FEfI 1dB)

,
o,

=50 [
0 02 0.4 [ U] ! i 02 0.1 06 0 R

H—{LsE 13— L35

B4 MTI X8 ik 25 0555 v Y 1
(a) REAREHS, (b)) REL AB2 RS

M3z 2 A 4 TTLAE W, Rt RA RBOTAAE MTI IR SR BTN € RAZEK, B
AREEMBETEE. SHAYHEE, R 3 ARAP4 RELF FEMEWFMERER IF,
EHREFEEEE FNRERE4); MRS BAREHEEF L EMNFHMEFFE, (B
IF Jtio: R¥2 #BEAHRARMAR, mIF 80, 53613866, U e e{ERT
FERESL. teHh, E 4 T RSERNNIES T WS IF 2 0 —R2AEFEN,
BPFER2YA50 MTI 8 ¥ 28 2k L3 in 5 RE T LA Bl i pftE, (HADR LAREME IF 41X
#hres.

5% #

AR H —FE TR MTI BESHEREITTE, A TERITPRSFRT REME
R (W IF ), FERESFMUNA, FHETTLHRIER T H s R A BUEtEaE. (hHSS
REARXHEERARN, FIAFRERENUEEEIS T ER R EE, MAMRTS
BREREE, HEKGBLRHIEURRE.

TEHRPIGE, HBTREFEERIVESFHEVURNE FHHEERIEYZBE, &
AT ES RYBUEMEM—E A%, BRGNP E MTI B aFEE.
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DESIGN OF RECURSIVE MTI FILTER BASED ON
THE GENETIC ALGORITHM

Huang Yong Peng Yingning
(Department of Electronic Engineering, Tsinghua University, Beijing 100084)

Abstract In theory, it is possible to synthesize any frequency response curve with the recur-
stve MTI(Moving Target Indication) filters. As a result, the applied field of this kind of filter
is wide. A new design method is presented to design flexibly a recursive MTI filter that can
meet the specifications of the system. The method is based on the Genetic Algorithm(GA) and
constitutes the fitness function with improvement factor, passband width and ripple of a filter.
It speeds the search process and achieves near-global optimum parameters by means of the GA.
Two kinds of classical recursive MTI filters are designed in this paper. The results demonstrate
the validity of this design method that can design flexibly and quickly a required filter.

Key words Recursive MTI filter, Genetic algorithm, Improvement factor, Passband width,
Passband ripple
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