20154 12 A tEMEMRKEFFER December 2015
Fa1E F12 Journal of Beijing University of Aeronautics and Astronautics Vol.41 No. 12

http : //bhxb. buaa. edu. cn jbuaa@ buaa. edu. cn
DOI. 10.13700/j. bh. 1001-5965.2015.0013

ETF¥ kT UANFN FIE A 2’]@%@@

KT, Hhe, xR A

(LR BT R FREEBE,

] B A emEANS EAAR ZRR MG E AL M A, RET —MET
FRTHAME(EDO) WA IR B skt 22 ENSER M HEBEMAEZHI XA, K IHREL
o R N Sl VR = o o ) o I @0X%%#caﬁ%ﬁﬁ’ﬂ%ﬂ'ﬁ”lf% ] DN
‘H%z‘iﬂm%%kéy\%%ﬁ#&ﬁ%ﬁiﬁjﬁﬁ%ﬁﬂ@ﬁ%ﬁﬁ%ﬁ%é’%ﬂxé’vlﬂi—ﬂ.@ﬁ,&ﬂtﬁ%
67\71‘)?43%])\71%‘%7%%%‘?%&%‘%7{7FJ’M‘EJE/*& e SN G 7/ R N R I 7 W R AT #

& ?Lik Hiﬂ?ﬂg/

K E A AR K KRR RANE; RN B

x # . ﬁidﬁ%
hESES. ‘&O
S'ZTW@\? NERS. 1001—5965(2 2256-13

O TEfh LA B A o e b, LB R B4 2 WIS
o S LRI B IO A oh AR T EBAORE B T SCRR L 11-12 ) T R T
ﬁﬁﬁ%ﬁﬁ%mﬁﬁgmﬁﬁﬁiﬁ%ﬂ %ﬁ%&ﬁﬁ%ﬁ?%%ﬁﬁﬁ%@%ﬁﬁﬁm

i H ﬁmgﬁﬁﬁMMﬂW%ﬁﬂ@@¢ﬁTﬁﬂﬁ

?@T? R O iy WIS N vk e

SIS AR B 1o E A9 9 A

*ﬁfwﬁ%%m%ﬁﬁmﬁﬁ@ 973 4 Kim A1 il S RREE. Sk [ 13-14 ) 32
Gmw”ﬁahm%%“g'ﬁﬁﬁﬁﬁﬁ#m O£ L) H
Lk, S G JE 24 5 07 2 iR S ok 7 {3

MESERNIEE SEHT R SR %T“J%IAZ PR AL N LA 2R IR B 2
iﬁ[@ﬁTTtbfﬂ@%l@ﬂﬁﬁﬁﬁibnT 140 £ A E{E SCHR[15- ISJLJT%%E*H
— ™ A 8 i I, P A 6 A AR i Al A 2 TR Y of R

ZER M T AR UM A HCRR T [ 2 H AR X LIRS T R L A 2 i E’J HA Pﬁ?
%ﬁ[3-6]%&71ﬁﬁﬁﬁﬁ§%ﬂ?ﬂﬁﬁ%%§§o T H AR . SCHR [ 1S ] rp B3t il 5 J A7
G, 2 FOAS [ 1 AL o K0 i = 4 BE A FERT S AL, 1 SCRR [ 16 ] 5 1 AR A 5 28 i 1 A5
SR %07 5 RS B U S, E i By A AR S A ART d F AR SRR T [ E
RELH . Hﬁ?ﬁ@aiﬁ%mm HAMR FeEs g B s, EAR AR 2y IR A b s B

SR 5 PR ET W B A [ MBI AR AR b, SCRR17-18 [ #F XS AL sl H
PO R R 4 I RFFERE AR ARAR T IO A 29 A S O SR I 2%
{j\:@ff

it B ol A A R T b ZREI A AR E R I B RN SCHR [ 18 ] 5 T S

ﬂiﬁﬂﬁﬁ:\z@&f FAHH: 2015-04-18; P& H AR AT iE : 2015-05-04 15:31
[ 4% H AR Hb HE Mvww. enki. net/kems/detail /11.2625. V. 20150504. 1531.001. html
* BWAEE : kK (1985—) B i1t +HE A, 5 4 |, zhangjiao48303@ 126. com, = ZEAF 5% J5 1] Ay il 5 4% il — {41k

IR ki, Hr, WEH ETTKTHAMNENFHLEALHKEFHEIT] XRMEAKXKAFFH, 2015, 41 (12) : 2256-
2268. Zhang J, Yang X, Liu Y X. Guidance law with impact angle constraints based on extended disturbance observer [J ]. Journal
of Beijing University of Aeronautics and Astronautics , 2015 , 41 (12 ) : 2256- 2268 (in Chinese ).



812 3 TR, A L B T K T DU I A A X A 2 A A 2257
FA AR sh AR, RT AR A 2 & m i BE RN Sh 2 AR SCHR i 0 o S5 i H AT /DN 9 2o 80RO 4 1
T 7 A s S DA B e R AR B

T SV R A A R B X T o S AR G ) WAL S ) ‘ )

A AT I AR T A e 1 RIREEEE @

F1% 5L 3 AT 7 i o A O WA S 24 SR A 5 BT E TR 7 s B R
AR DA R A B R R S S PR T lrﬂ‘iﬁ%ﬁﬁ:éﬁﬂﬁﬁ” H gk AT )R #
PRI DSOS 5 51 A AR SCIR L9 o, th THES] —pp i e :éﬁ%ﬁ%éﬁﬁ%ﬁl@ﬂu

SSHTIY B T, SR g
70 1 Y-8 p, P B A A SIS, N B 2 R R % ; %ELJH\ (i S 1 H bR K B, &

BB, SCRR(20 4R 11 TR A RERIE e T TR ). 8 S 20y L
5’?%‘[@,%Xﬂ‘ﬁﬁl"ﬂ?@?ﬁﬁTwa‘é&iE,{E%%Fﬁ%ﬁ;ﬁ%@ﬁ:
SR IT DA AT L RE A 1 SRR, AR Bl P R=V.eos(d — q) - V. cos( D)
ﬁﬁ%&ﬁ%ﬁﬁuﬁ%&ﬁﬂﬁ@mqugio m=—mmw—¢»+w§§§§w><m
%%%%%E%m%ﬁﬁ%ﬁ%meﬁg : o
%Rﬁ%%%ﬁ@ﬁﬁ#%ﬁﬁ&ﬁg% % {fwg%Q 3)
R BE 100 £ £ SR Bk ST é?%‘
I 0 202 L URE, £ T 1 1 B B ﬁ*mmkﬁ@%aBWWE%&Eﬁw%w
A5 . o) i 5 B

Tk
EH A 2R
e I B0
P 1 SR ST S AN B R R H AR ) BRSO
Nm%%Ai%m?%%ﬁ%ﬁ%K%£§§
{155 9 bR 3h sk BE L B 0 %

= . ;“c e
R T o 0 T 2R 5

T A A e 6, 3 EL f T g ik B3
b k5t S U B A mk[22] $4h
FHE O 28 (DO) (19 HEATASE | 32 T 4F 26 # T 41

S22 (NDO) .
AN T S

N 1R 3 244 o a,

GORO % (A £ K

DO I 4 9575 T R 7 2 1

B b ST, A AT B R S0 e , L

2 25 O AT A R AT 5 Q@%ﬁ&ﬂﬂ@ﬁﬁ@zi%#%ﬁﬂ)ﬁA,
RS AT AR W5 (EDO) A B\

i AR R T b AL AR ©

O G- [ b i 2 L AT

Missile-target engagement geometry

.. 2RG cos(d, -q) V,sin(q - ¢,)
L0 24 30 3 o A 24 o 0 B AN L e i
. R EDO R 5 55 9 38T 41 PN 10 4 acos(d —q) _Vsinla=¢)
HITEAE S HIHY A i fif it Jf 4 R R
ﬁﬁﬁ%?ﬁﬁ#%%é%*ﬁﬁ%&ﬁw% 4, =acos(, —q) a, o FR Ik 6 0
E 928 £ T LR e O s e Sk, IR TN [ 0 5 A SCBR TR R T, bR

HF T RS B i K B A R, BIA PR ) N T BE @, 2 R R AT S T ] S R o A P

SN
e

BRER 7 il S A T T U R AL A AL R o, BOARR R B  CHE
TG I e I L R0 i R R TERC UL SIS 0, 9 8 Tl 43 1 2 5
ASRE T TN M. s 8 T 50 A [ 5 H s J5E 1 kg e T e 2 TR
BLBIIE 2 A A Bl 3 5 26 18 T 19 2006 5 2 3 Yot f 29 A 5 ) AUl 2 4 o i b B AR Y

UE T S A R PR R 8 ok X LUy B AR RS TR A B R A e A R LR R R R D
TR T AR A 57 28 i o 45 45 s 3t A o e FEL I 20 o, 2 A0



2258 b B = R R

2015 4¢

Blmp =dy — o
o (5)
lg - o[ <
P A b, 73 il 27 filf 48 I 2] 5 505 H AR
L3 . Herb, X (5) W B SO AE ) S 0 o A v
PR H AR e T 51 Sk M T A
S RN H AR AL TR R = R b
A Rg =0, A7 7E
Vasin(, = q¢) =Visin(dy - q4) (6)
P g R 3 DR I 220 110 S B 4R A

2 B H AR

O
Fig.2 Missile and target on collisi@:
fRig 1 %%EP’W*R\Q%@ d, 1TEL

HAEA ).

Big2 XT4E %D<MEU®%%qE
F7AE FLIE— ; [7] BF EH g, B b, A H A

—A ,
Ri% /x'ﬁgﬁ‘&'ﬁﬁﬁ JE O AL R — A
{E, EL 2

v=— <1 (7)

KA (6) ml

=¢, - arctan m (8)
BT ) ok 2 AT 1%%% q=qy-
(&#ﬁ%m%%m@ﬁéw St it

ﬂnﬁﬁlZlEﬂE’Jﬂé%‘:. 5 ."‘: ﬁﬁﬂﬂﬂ E*THT%’“HS(

EEJQ E imp=n7‘r,n=t1,12,---
WL A ¢ SRS S HEELL v
K SRR LIS ol 0, Boddi /1 6,,,, 5 B ALE A g,
Je—— R OC AR, W AR 2 o e Al S Ak
F LR 25 H bR AL I, H AR LIE b, Bl I

@O

[ AR Ak, I B AR Al g S B R AR fb i o, I
— A B S8 0 R

= (9) Al 26 A I AR AL R g, IE [
?E*Tﬂ[h_

- qF9I§]HTj‘%

iy WX, =q = qp,%, =4

7( -2R§ - a wcos( o, @d(t))
(10)
ECE <$>O

d(t) =a '0 V,.sin(q = ¢,) -

t

O

RO P, d (1) 9 R RS,
N SR 9L B2 R R I | AR B AL B ik 5 4 5 |
k%)

g 4 BB d(0) A R RIFAAE

M >0, 04
@f\zjuﬂﬂiéﬁﬁ

— L

d{d(z)
dif

X r 2 EDO 75K 1 B %

T AR DR P R G S % B SR
Yo, PRI S A B BT b 20 5 I R

4k C, PR ] S A A BT 0%
2 P
TGS g S BB OR AEUR , A SCOR T

s 1 LS B T A R R () i S 5 A SR A EDO
XA R G (10) B S T4 d (o) AT 52 A W
DN B 25 f M. F i 2 T B AR by fE RGANER T
PAETEM R T I il 38 w 73 «, Al x, A
MRS T % A6l AR HER K 3 fs.

[ o | Ay \
e EE’T‘—%q =1 AR || - H b
F

44T o .
s [0 [ e S| g
: =0 B
d a| |4 !
: FHTIE
R
A '

B3 R R e

Fig.3  Structure block diagram of compound guidance law
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server

, LIU Yuanxiang

o (stitute of Technology, Beijing 100081, China)

ercepting maneuvering targets with impact angle constraint,

based on the technology of exten ance observer (EDO), a novel finite-time convergence guidance
law was presented. Considering tive motion between missile and target, the time-varying uncertainty of

missile velocity and the unjp
compensated by EDO.

nMarget acceleration were regarded as the disturbance, which is estimated and

th st tracking differentiator was introduced to solve the immeasurability problem of

the desired line ygle rate. Moreover, the domain of sliding mode capturability was introduced to the

performanc@ n of guidance law. The simulation experiments of different interception scenarios and dif-
ferent forms ofmaneuvering target were carried out. The simulation results show that the proposed guidance
law has good interception performance and robustness, and it is of less missile acceleration and higher guid-
ance accuracy, which is more helpful for the realization in engineering.

Key words: terminal guidance law; impact angle constraint; finite time convergence; extended disturb-

ance observer; tracking differentiator





