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a p o s i n v e  c o n s i a m  L?. i.e.. 9 { 0 ) { s  iha t  the 

m~gei is a rb inmri l?  m a n e u v e r i n g  in the  range  o~ a 

p o s t u r e  c o n s t a m  a,  i . e .  a , . ( /  I % a .  and thin 

m e  w a r n e a d  of  m e  missi le ~s d e t o n m e d  wi th in  

s o m e  d i s tance  ]{e~ by the  [unc t ion  o, a p r o x i m h y  

fl ~se 

F o r  any t~ > 0  and  A~g~ > 0  the  G R H ( }  safisfie- 

if m e  R)l[owirlg c o n d m o n s  d e p e n d i n g  on u are 

smisf ied 

r -,.v{~ ~ /.2 , , ? 

r" , .T  =7  
19,~2 bdi*"fi/br u,z ./]. *~;-~/),t'ew " . g tbr ::~ 12} 

2 ] " 

27 4T 

whe re  there  a tways  exm~ l w o  t}ee p a r a m e m r s  

i.e.. N )  arid 7"satisI~,'ing these  c o n d i q o n s  

Fhis p r o p e r | >  m e a n s  tha i  the p~oposed  ( ] R [ | G  

cal~ m~ercep~ fl~e mrge~ by us ing  ? and  T .  

u"respec~we o~ &, on ly  if h.,< /i, whi le  w ~ h  the 

O G L  and the G G L .  lhc miss i le  can in te rcep t  tt~e 

target  when  /,go ~s a c c u r m e  /1 s h o u l d  be  h o l e d  t h a t  

h~ o rde r  to i m e r c e p [  the targe< the t e r m | h a !  M D  

~a~ phi ,  ~c be w~/hin ]{n 

n ~he n e x ~  secNon,  ihe oerR~rmance o~ the 

p r o p o s e d  G R H G  ~s c o m p a r e d  with tha~ o [  O( iL  

~,l~e~~ m e  * ime- Io  go ~s inaccura te  and  there  arc 

I~o  a U / O D [ ] O [  l a g , .  

4, S i m u l a t i o n  E x a m p l e  

Shn i l a r ly  ~o the s i m u l a t i o n  e x a m p l e  o f  K i m  et 

a /  (20(}0a), is a s suned  fl-mt P ~ = M a c h  2 P~ ...... 

Mm:l~ 1, 7~(0)  ........ t deg, 7e(I}))=180 deg, ~-== 

5 0 0 0  fi, ~he miss i l e  can  in te rcep t  the  mrge~ if  M D  

is b e i o w  4 fl~ there  i s  n o  m e a s u r e m e n t  e r r o r  for  

y ( )  a n d  ;f~(~), the A a u t e  target  acce le ra t ion  is 

nol Known.  t ~ 0 .  y [ 0  ==~ the m i s s d e  is ~-~ on  

a co l l i s ion  course  m in ina l  u m e  ~e  v m  4:0. 

/} ,  t> ..... 10~;, fl~e m~ss~le cau  m a n e u v e r  m the 

range  o~ A ~ ( t  G30A~" whe re  ~e ~s acce le ra t io r  

o~ g rav i i ) ,  and  h,,,~ ~s c o m p m e d  h,~ 

[ ~ n  - -  - . . . . . . .  

w h e r e  /:a~. ~;1.5 sec m l n m a l  till~e. 

F r o m  d~e a s s u m p t i o n s .  A §  ........ o 

and pr l~::-I G s i n  f~(O):-- {,'<.;sin , , _ m  /~/:~X9 

H/S ~ ;:: (~) 

Fhen  the G R i [ G  is des igned  to keep the  lateral 

M D  tess *has  4 ~t { == ]V'L re in  h m m e  m~ercep~ 

d i n e  P r o m  E~ l~)o w~ k n o w  m m  vvz >1 

3~3s H l b r  t ) t n  sec wi th  the  p a i r  1~-::0.5 y:=2, 

7 " = 0 2  sec~ F o r  the  OG~ or  P N ( i  we set N 

. s  X;-=3 

Uignre 2 s h o w s t n a l  y<Z I523.35 f t f o r  1>O.5 

4 e c  

]{'he Qo w~th e s t i m a u o n  e r r o r s  ,- m o d e l e d  as 

lol~ow- Nes l ine  eli aL 1979 

where  ,v is ~, ~a~e l a t t e r  e r ro r  a~m ~ ~ a b ia -  

2rro< In the  mode l  ~he t~-, iv accura ie  w h e n  , - -  

a l l  d 5 :':= l L 

[ 'he ~ermma] MID a~ t . = / . 5  sec is s h o w n  when  

a = O . 7 + O . /  /e~- I in Fi~ ? a n d  b ....... 0 . 1 5 + 0 . 0 5  

/ } ' - I  m Fig. a [ b r  }e=l 2. - - . . 7 ~ l ~ i ~ n o m ( ~ m a .  

lhe & ~s accura te  w h e n  k = 4 .  F igures  3 and 4 

s h o w  lerrnina/  m~s. d is tances  ~m each  o when  

h=-0  and  ~or each b when  e~=t  respect ively 

Fig~ 2 Rda t lve  vertical separat ion y o t  GRH(}  

Copyright (C) 2003 NuriMedia Co., Ltd. 



774 K7 Boek Kim and Jae Weon Choi 

Fig. 3 Ibe erred o~ ~ ~ca~c tach}r error m 

t he  receding horizon guidance law (RIIG (Kbn 

e a t ,  2000a  by adiusting design parameters 

appeopr[ateiy. The proposed G R H G  can i Hercep 

d~e mrge{ by keeping @e relative verticaI separa~ 

tion t e s  than the given wdue, wiflfin which ilhe 

warhead o f  t he  missile is dmonmed, after @e 

appropriamly seleded time even ba @e presence >t 

arbitrary target maneuvers and inkiai  feladve 

Verdcal separation rates b e t w e e n  the target and 

miss i le  Through a sfmutadon study, t he  pe i /Of  

ma:~ce o~' 1he ( I R H G  is ~Hustra~ed and compared 

WHh the  exiHing op@na}l g@dance law ( o G I . ) ,  

f h e  pe~ffbrmanees o{ ~ the opt imal  guidance law 

~()GI-) at@ the game p r i m a l  gudance  law 

(GGL) a~e dependent on  the estimation of d:,e 

time to<go and thus ; they have a computat ional  

b ~ d e n  b r  estimating @e t ime.[>.go;  For  ~hi.s 

reason, t he  proposed G R H G  and R}{G (Kim e,' 

e / ;  2 0 0 0 a ) c a n  be appropriate guidance laws 

w h e n  @e t me- ~o--go is, ~naccurae or unavai lab ie  

Such as w h e n  ~he time to go cam~o~ be esdmued  

accurately in the avaiiabie Sampling t me 

ACknoWledgment 

F'it~ 4 The eHecl o~ ~ h~n. c]ro~ m 

~ ,  ~ h o w n  "~ }'~H 3 a n d  4 ~ e r r o F S  /1l f~e,,,. 

ICF@gr ~AHR t h e  ] ) e r  {or lyH,~ n s  z ~ ~ ~ [ /1C O (  ~ [ 

degrades ~ap@|y and me miss ib  ~dh  ~he Ot~  

f a i l s - ,  mmrcep[ the targeL w~mreas ~ae 3er{orm.- 

m ~" ol the G R H i i  ,< HH affected ~y ~., [ 'he 

t a l m r e  lo [ntercep~ me [urge[ occurs  because the  

O G L i s s m u s  ~hel~me :<~ go ha:, cHo~s 
The smuramd [}_~edbaek of {he { }G L mcre ,~cs wit[[ 

the  ~errmn~ MD and then causes .. xdure ~ 

m~erccp~ fl~e ~argc< even d @e d m e ~ o  eo m 

a<<'m ale nea~ Ihe tinal time ,- 

5. Ce~clus~o~ 

I~l [ h t s  p a p c I ,  a ~ , am~ O D l ~ m a |  r eCedH~g:  | } ~ l . , o ~  

~ida~ce. k[~ (GRFR~ ha.'. been p~opo.*~ed b ~. 

-~nown Ina~ me nroD~}se/l GR[/(} is ~denl~cm ~o 
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