
irllt-6-o flrg.aa-o

dJlpl O)f ounil,o rirrlpis +*bri|

t ojg"i ,s<J...^A 1l octe'',,u| tf cS"rq:c ARMA J.t _1" MA a+.f Oa*-'

.stl,5 1s.r+- I g,=t .rs ..gsLl w "' illcL a,-'p..

.5,'l cr-J:+,- o.rS..i^il.:, rT,*l,r:,;- ol5-J:.11.:

nr sadabadi./i?aut.ac.ir rnshalieeiOaut.ac. ir karrarir?itaut.ac.ir

.G5;-.-.4.J-_tL .S- Jr ;4; .rfb + ..S*l 9t ARIV|A J,N y: MA a-i_p crLcYLl oJ sl- ./ oslo 6li.i aJG. o,l .,J- or.S>

Jr +f .ryl, ,? ,nf .ou.i a5l,1l gi9-1 1t .col cuj E,lar 6.ut 9t ARlutA Ju ; lllA alf Cr.- .51r, *.:lr__r931 9 c-l *ia.

a+.r" O*1rri ,,r l1 ,;u-r931 g,r-l -.1L. c.fJc ,cu,! f t+l 6l"a/_jt- a-.,i, .c*l d^i.j L ,+.ii4 j+E , &.11.r,-b .*L ..gu9o

.rJ,a,r ar 6l.l 
:

..5u 9r MA J* ..S"+ 9o ARMA J* ,.S*,t 9r AR Ju ,rSJ*r jr Js {a 
""*- 

-"j1, .*l5

.[6-8]

, AIC ,t'- ..:t')ttl u;l: r.,rJ." .Skjr, *j -,r

$lu> .-i.ro .totl=*. ,"_l ,c ..:; ,o[i O1r, .r- lJ MDL

.Sbrl,,\ .rl.r*;, uo> ,rL_rl9 a, ai ; .l *,tk elf

;,_l ,l.r; ir,_;J 45 6l qf , c-l !c-1, J.u :l;l

.J* o+f ;l ;=a- j._r+ stl* 4r ral 4a-:;lt srl-t

MDL t_ AIC JL* ..,_L- jl ,ri- ,"r ,-+ df F f
t ,Elr- .Sbfl-,L, *,--_! Lotl=* ;,_l ,o a5 .- .l ;i
jl .rt9-; oJj J*ti ,J* .Sl; 451* .SL6)E L *-k

.[6] *3t? ,r^ ,1 uL"j ,l-orl=* ,,_l 61L ooL .9, ;,1

..rB cs[o .r-fL a+t O*-i -;i .r;:* .gto e--;Fl

a+f cr:.* 6ll ;U; rt j Ls+.Sl+jl,r jl Jb

.[7-8] c*!J,u

; JS:- MA a.ir J**; ,ARMA r-_lr-i .S._ ,s
j l .,,-" d .- .l o-r 1 oclc ;l 

': .dJU. J,-l ,; .[9] c-l

l, NIA aj.4 .6r+ 90 ARMA J.r- AR o+-r .r.,,:,-

.,-_,jl- .i_ .: *:" ,,_oG. a,_;a.; .5.J q Jl9, ..'"

.ro-;- a, 6jF J,-q .i9_l .lJ .)9*j r.J.:-- ,j*--.--a

ar.r-ia -l

9 AR Jr." $b .S"+ 9.: J.u .5.,_ .5Lrr:-lrL ;"-;-

J .l_Ltj ,,: .r-Ll .!.r-o .i_ ..9J'1 ,J ARMA J.r-

a, ali:* at-l .r.ijti .,. .5J..t 9o .51-o 6-=- 6jLJ.r.

;l JJ!; dts +j ,.: ,:l oc;J .gloar,r5 ,rtl.-

,J.t r,=;- .[] .S".t 9.: 6to ,.;--.=- .t_Llr-:, ,l=-;

Azi r;y tt-r .. r [5) *^ .5jLJ& .[2-4] .go- es

Ajlrl ,4L* ar_l J- .51r, .g.:.r,:- .5laJ*5- .c-l

;l Jr" o+r oi 
"r: ,r- ..,.,p tadl ySl ,.: -J, sl o,u

a.,-f .,rk.5Lror,rl5 rJ.rr+, J-l t..--l ,J.;* J.J

'uf ;::;.r---Lr: c |'"J*L; J.r-

+ .5r..l5 &r ull,J- o+r -l-*jl dJ ;-l g;1,

tJ .s! 6" J& .Sbfltt. cri.e- 9 5rLJ.u *

o*-f .r==-- .91r, ,_g.:.r,.i 6145-jSJ .6u,1 .5-- ,:Jl>

,c5r'r 5r cJl> ,,: .rt+: .r_l ! J: Sl o.r-l ar:lrl J.u

€r.,'=.-- ".'r 
tdl t5l .J a;u,5 .ir'. J$l oGja-

!-, kjr, i/_l ,-If ,9t + .s;lor, .'. 6J'.,t 9c AR J.r-

uel*: t *.-.- .St{.j:t ,rlf ,; ,.: JJ + Jl}, .,^

Jf e5.l+ F=r- ,rb t? , cs--:^ cSQ,if; : i:lg)ttl

\rt



l \ ,n-0,*,,0o-n 
rqet-A+i,qa2- p?'t .. ,Or-A*,.,,", 

f

"  
= l  

\ t r -h t i , t - - t2+ t  r r ln r -p1+ i ,qn-p2+2 .  roa- t r * i , t " - r t  
I' " t - ^ '  

L  r r - t ^ * ro  r r1 , , -p1 , i -4 " - r  
t  

" r , , , - ^ t * , . r " - ' r= ]
i = 0 , 1 ,  , 2 p l

et- \r ,r ,  
--  ELltr, t ,  l t r-rr, t .r-r2] .ol JJ 45

"tf ;i .c-l ty,r,,rj etp.5Lo o.:lo ,r*-....^o.>r-

rank($") =

[ @ r + \ @ z + l ) - l  w h e n  Q e ,  >  Q l
{
[(rr 

+ lXPz + l) when qo, = Qt ,Qe, = Qz

,cJb ,,_l ,c .;-l 4e1 > Qt {t r.:t ,;i !u:l ,s

. rank(R1" )=@r+D@z + l ) - l  + f  s /  . - " t i  , r : -_ t

cJt- ,o MYW .:YsL- ,(1) csu+ 9.: ARMA J*.Sl;

. [4] $F.r.-,1=l r_j rD- *.6\ 9s

R 1  a = 0 (?)

aJ^.\, c'ry. q oS .- .l AR *_lr; ,lcr, a .;i ,s a.f

.Jli .'" @_F (Y)

cjtj(i-o (lf,l "l0
rllttl Op 4;lri0 a duil!trL: O'!-br;,L.

.or; ptq.tl .Sk"_jL ..+ .r:Li .f JJ- .Sbflr["

;Ll MA {r ;*.- rr l, 6,.r9KJl ;,_l vy'l- rr5J".c

.,).:iJ 6.

.r^i,-.,;j { *f-l o._r9<Jl , aL* .g.rq J9-r! .aJG- ;,-l ,.r

1-5k/-jL ,:: i 61LJ .51 o.t:r oc-,91 .l 9 Y .gQia ,s

,A ui+ .-[r,-ta; , ,;t ".r..ii ,olJ" f ui+ ,s .o.u: ptz.;l

.c.-l r5f drsJ ol;

zuLis ,_g.rir Jf.re -Y

c-i+ t r;:- f 9 ,rl; .rl.s_L .,rL .S*l, ,J pi-:-

[6] -_'.(1 F t" ,rfi Ls" "=.y f_t Jtf * 6

Pt P2 tlt qz

}Lo, , , , ,  ! t , - i , , t r - t2  =2}  u, , . , ,  e t , -  i , . t r -  1 ,  ( \ )
,r=0r2=0 Jr) lz=0 

i

J* o-.-r c-r-, a.r <qi,qil s @i,pb .ri ,c +t

,,1.f-t r-i L_!F i5 lJ .r,p .'-':! .+ MA J AR

c5rg,9 5_ ,etrJrtSJ2.t2 JUa_- I ao,o = I '\ .i,s

,,-L-- oi,_sl oif r n-r"::tlT5":

. a , . * 0 . b . , * 0 : Y , e , s
P t , P z  4 t , l t

..rrb-;lf d-_it- 4+J s*it # JSj -l

ARMA J* .lo MA a+'.r. O*#d' i4{-

6.tr.t 9J

CF MA a-,f u"=-- c.{a ,,1-t a=j.i .l u,l ,.:

J* '" @r'Pz) o* 
T,I-I":j"HrT

9 .:- l  c9>y pz I pt ^5 r+t rs.y:tr ' ;a

{t J+5 cf.p i.r# .-:!.r. Qer2QZ I

I@r+ l ) (pz  + l ) l x [ (p1+ l ) (p r  + l ) ]  . r - rL

.Jfi .'l @-/'i (Y) aJ^\, Oryo a,

Pr Pz

LZ"r., \,-i,.t,-i, =
tt =0i2 =0

-1r JJ" a, .c-l ,":-^r- +r- ,U\ hir,i, ,;i ,.: af

+r- e-\ , jz.O L- t jt <0 ,.Slr ,rG_:- ,-rJ91
.c-l ,i- tlt F:----

s  h = 4 e 1 , Q a r + 7 , " ' , Q " r +  P t  a ; " f  P  ) J  l l

l )  MYW c ,Vc t *  , 12=Q" r ,Q" r+1 ,  . . , q " r+  p2

..r..rt* r-.r,s--;,L f.'19 *,ll9i .,- Qe, > Qt

5- Rr,

a.f c^-l



Cllltdj rrr++| ^

dlHl OH 6uri0 o cr\rlFt5 a*t;L-

( \  ' )

R t =

Pe, > Pl  ,  Pe,  = P2 ,  t t  > P"t ,  lz> P"z

d ..,,L, al -''-ns .,- .lL::; ,l+_;L 
"".- 

..r-i .ul9-

.,;,*5 ,r. ,lf "rU:-l sr9- 1;!c J"^ .SL" .,<i-----or9,>

1l olu- ,l.r.u ;r-l(pr +l)@2+ l) e c-l ,;s 6,_l:

.rJ.i ,t";- .(,_ Y'* oS) )-..r=" ,l& .-(,_ q ,o

d .,,Lj .r-, .r_l jl ..:f .ule- 6;9- (;-l (>J

d.)..:t JJiJ .r. ,lr-i "cG- 
.l cr9- Lo cr; .,-C-..--^.oJ9>

a+r { @1 +\@2 +\ a+--r J ,.;

ca.7 .c-l Jtu* . &" cr,-jL ,c (4 + l)(p2 + l) - I

.sL--,* MA q.;r" .r.;.sh -1* o-_rrnl .5,- l*-qj

.f-lL .lr c,r; ,l.Li. 
".-- 

;l ,to djl.i .,**ar9>

.rr-" .,- oll;' .l ..:r-: .f 6_f i) J;f + oS RZ-

i = 0 , 1 ,  . t t + p ! , - l

ai olc ;L::^; .Jlt .r-.MYW .:,Ycl* .s,,=5tE !

rank(R2")= rank(&")+ pz(p"r -  p)  ( \  \ )

ct;9o at .Jlt ,=." l, MA a*;r. ;+; O:,-r9fl| ,;r_l.r,t-

.Jr'; 4,y; t_j

- l a : j l  l r  Q z = 4 o r > q 2  ,  Q t = Q e ,  > { 1  : \  + L r "

.J-i5

.+5 ,.5 Qz s Qr ;l .r>le .-1,- Jlr t* a. :Y abr-

a-la l, ;l .: *- .r-Jb I .r.os .l5i-:::' l, R2" u-_;J

.l-L;

.: ,su .,1.';, , R2" .p-J;L )J Fl :Y &f

e-b F.J .S,- pl@1 +l)@2+\+ p2(p"r- p1)

,r .J* .s" -l:tl q2 = QZ t qt = Qr ,ol5 ;i ; .15

lJ Yt JFIJ. J J,_r.f ,, p9o a.l-r. a'. ,:-ryo 4-l ,rc

.sc.rf -Li:l Qz,Qt E \:ar drl,rl

Q= lo  p r ,p ,  . . .d  p r ,0  a  p r - l ,pz  '  ' .a  p .1 ,0  ' . .o0 , t1 ) f '  (Y)

.-v' . .u1 o^ (n+DQz +1)xl rL-l  !  1* l l rr ,  0 ,

.!01 c-l l:5,_ MYW aJ.:L- ,-_L; ,(Y) e (\) ol. ^1

u .glrls R'" ---;L c{d .-5Laj d S .r wh_l -*l

tr rs?r .SL-L-! + o?9; tl .F_J .ilt jl .r^tL .S,_

d+-, s! mxn slnl ! .r-_rL A fl ,;l^;r-

, ; l  ,c a-f c-..1 r=n -dim(N(l)) y. la ,A u-_yl^

;,_l ;l ..uiL .f &, .r-_f L .,4,61-! .l. din(N(l))

:,w-.11r ,9,

rank(R1") = (pl + l)(p2 + l)  -  I

t Qc1 =4t a5 -r,-r.1 .F s" 1., p9c J[- ,;9-51

oi "r- '-+E a'-L t',oln^1,""r=lrl.riir;i',

s l l  = Qcr,Qg, l_t, . . . ,Qe, + pt , ;JL. ;- l  i . rr

a29,  ! . , r , - r - ( . ,  Jd  r r  l ,  12=Q"r ,4" r+1 ,  . . , c1" r+  p2

_,r MYIvI . :Yrl* ;^l  q", =42 t Qe1 =q, <,<,r l  a,

.c-l ;t; -hE r-j .r--,rL r".'e C (A) allr

R 1  a = v

o.t.5 -L_r- )L! a.f c*l AR *-lF ,lor, a .;l ,s a5

..u:;! ,s" t-.t J.ty- + v ,lcr, 9 .:.-l

y=toz*  bo ,o  bq , , , t r  0  0 . . .  017 '  (1 )

,1.:r,;c9, L.(_.c-l ,* r. rlcr, v ,b9,6 t0 
"ri 

tl

..r:L ,; .b .rLK o.;t Ry" --_;L d S.r..:h_l g

.rank(\ ) = (pr + l)(p2 + l)  . : , ,  .r_l j l

,rt C .,-S"..1 9.: ARMA J.i- ,.r MA a:,-y otc)lll

,c5trr .rJ ..-*l .,li. .,Jt:---^."o .."--il- .i_ )J 6:.v

L:ca",.X ;*- l-,t o.tf a, ,---l ;5* (qt,qZ) +f

r #  + . . J  A r  Q z = Q e r l Q z  t  Q r = Q c , > 4 l

d.n-., d,E:,.t .sl; r +5 d Qz I Q1 1l .t-19 6_,Jlr-

aJel .uJ "cU-,..| 
(SVD) .rrr; .,,-oG- +_1.1-- 1l R1"

* (pt +D(pz + l)- I 1l l, R1" ,-_pL a.;, 2==--

t Ql = Sl .Jl- ,,-l ,r ..r,_r9l ;.-r a, (p1 + l)(p2 + l)

clr 4J MA +,-J" ,\.r'i .t_+ ..r9, .ul9; Qz=az

(A)

l  
r,"-^n4.r-, rln-A+i,4n-pz+| .. r9n-p,+,.1,r-h+p,,

nr., -  ̂ *, =l 
rur- rt*i.9.,- Pz i l 14,' I,u'q-Ptt 2'." r9,,- A+i Qo - P:+ Pr4

t : : : :
l ' t " r-a+,tn- p*rt- t  r tn-A+i,q.r  p+r " '  r ! r-  A+t,4n-?2t,+p",- l



drilG-o <ts+a+ o

.Jlpl OH 6ru.i0o c1ujllois O#eriL_

a2
Ol

Qz

I l1 /Y t

.YAP/YY
, \?N \

.' .l o.r l.grlcrr <;9a;.gto ocl.: tl.r-- 1{N2 ,ri rc a5

e  \=0 ,1 ,2 , . . . ,N t - l  d  . 51  A j f  c

. (  t z = 0 , \ 2 , . - - , N z - l

or-: a:if ,F ;r ,t-) J.tyo 4 ,-s-,t.y r.tf roL-.:-

'c-l

h r, t ,  
= 0.9 y,,  - t ,r ,  + 0.9 ! t  r , t  r t  

-  0.8 ly,,  -1,, ,  -1

+ etr, t ,  -0,8e,r_r,, ,

e (\9\; AR +.;r" ! ,lr_[. ,.s".., e.: J.u.i_ ..rf J&
. ( p r = l '  p z  = 1 , q t  = 1 , q 2  = 0 )  j ' !  ( \ e . )  M A  a + - r

, t Z = 6 ,  t , , = 6 , p " 2  - 1 ,  p " t  = 4  . J t i -  r , _ l  J r

. r "  N r , N z  = 1 0 0  r  Q z =  p z + l = 2  .  Q t =  p t + l = 2

.)-_,;l- , pe2, pe, t_JU. q 4?9; l.t .Jjl ""i *!,5 ,.!;

y_$^ 9 ay . a1 ,,_rG. .c-l .: ,u )|.'.iL. \ . .5lrlc R2"

rJ : .+t o.. ,Qt,Qz ,--L: '6111 a, R2o ,*_;L ci:"

.; .l o r :'. o.:_,el III e II J J9l.r-

.c- l  o-r l  -6: j l  Bl =50%,82=50% .JL- r,_l ,o

,F Q,QZ

o.l; Cf* o-_rFl e II e I .Jel.s { a?,; t, .s".5 .r-
. , -  . l  (1 r . ) ; l ;  J . r " ; ,_ l  , c  MA a4r . fy -  r l , io  rc

a1 y_rl;- J Jgrz

a1
Qr

Qz

-6t, YV/AI
*YYY/f6

\ Y'lY

d2 r,-tti- JI Jr"r

1 1y', -l N, -l

i t  |  = - - '  ,  t  1 ,  r r' ! t , t 2  
N t N Z _ l  r 7 = O r ' _ O  

/ n t , n 2  ) n t + t t , n ? + l )
.cal o.r: or_rrl t_j -,,. ro:-,Fl ! lFtl ,.: c:(i J,-.u:'

a+r { t{J ,MA 4.,-r J==-- .,"-_,,-fl| ;-l ,c :\ a5J

-.,,k q ..- :: AR :-_lr; + .51! 9 rrlc G5:- AR

j ,_l.L ;* + ;l;.,- lJ IVIA e AR 6lo o;r .F.o

.c9J gr**- bflrL. a;-n jl Jtr

ir..,.t .ujtr ,-s" Jg+z- qz,qt of l+i 1l :Y a5;

gL+.J . r . . .S1 ; .J*  t " . . -  , l  J5 , : *  Qer2q,  s  4e ,2Qt

c-l  .r- iS , pt,  pz > Qr,Qz L. ARMA (A, pz,qrqz)

U_ , sa^: -la:;l 4e, > pz I Qe, > pl 45

. Q z  =  Q " ,  =  P 2 + l  s  Q t  =  Q e ,  =  p 1 + 1

, l .r io ,r t" ' i  al^;: rJ::- .,e!-)931 ,r_l ,.L! :Y a5;

Y Gr rJ fl (pr + l)(p2 + l) + pz(p"r - pr) Jr*

,l* 5,_l ,t" c# .,*-.--.^aJtt 1l osl;- .l aJ--|" .;*l

'Qz = Q", > Qz l- s Qt = Qe, ) qr dG )J J1:-o

.J.$ ar"*- .Sl-l .rlG .5,- ,lr- o.'1 ."9., 
".t4 -r;

.cr: .r. Jkij.t" ,,_; .Sb,L* 1l octr" ,l

f , tOr.0: ) -  A(qr +1,0r )
f l  _  " ( t \  r l \ ( p :  r l ) t  t , 2 (  p \ - A )  " ( p t + t ) l p j + l l r h t  t , r  - p r )  

1 1 t ,' * l  -  '

" (A+t ) (p .  + l )+p . (p" t  .  p t )

,E(Q,o- : )  _  A(Or .O: t l )
- _ " ( p t +t)( tt : +t)*p. ( p, - p' )___"(lt lXp, *l)"_, ( lr2 ( \ t)u2 = ---------;(o;b 

)u 1f,, +l i1 p2' +ty+ pz t p, - p1 t

- (  
A+ ' l ) (  pz+ l l +  pz (p " , - p r l  ' r s '

Q,Qz q l;U:- rl(pr + l)(p2 + l)+ pz(p,, - A)

,(h,F) 5l os ;*; ;> ;l a7 2 a1 ,ll ..:*l

F p r"- eL;: ;lr- + Q.Qz ."15 ;l .uL ySrra

.$f *- d,5

.gjtd \.:*1 e.Li -f

,_Sll ,Jp r:a1 ,c o.r-:t lJa-p--rFl jl ,rlju r,_l ,o
o.l.: orLijrl r5J+ 9: ARMA J.u MA a-,-f .r--

J,_l t,y't- .:.,-(Lc ,..r.: ft+l .St+r_;L o-; ry_Li .c-l

J,,f J.- )J .J:-aJ .l ,jLi-; o-r'f .l=.- ,s l, p_r9KJl

9 r- ,-,5q- ! *-f J=i- ;*i .ett,t2 tsrt.)t,t -)1.

Jto * it,,t, &---* Jr- eli , ..--l .S,_ ;L_rl,

.J9i .,- -L-r- y_; $\

\ r q



CtUL6-orrcgofo

dllf l Op 6lrriO.+ drillniS Og,tri, d$r*

Q:,QZ *tr strl + RZ" ur_iL J.ri r_ru- :III Jr>

Q t = 2
* Q t = l q=0

u 2 =  z Q2 =r Q = 0 Q z = 2 " Q z = 1 .  Q z = o Q z = 2 Q z = r Q2 =o

A/Y ,ll ?17\

\ t7 \tr' \N?

r / \ A  \ / \ l  \ / \ v l

. / 1 r  ' ! LY  . /A .A

. t 7 \  . / aA  . / aa t

. / \ a  . / \ f A  . / f Y

' t . r ?  I  . / ' vo  '  ' . ,  . . .  . t . , t r

\A / fAA \Y /Y l

f /YAr  f t rYY

\ /Y 'A  \ /YAY

. / l Y Y  . / A A f

' l | r?  . /A \  \

. / \ f l  . / \ d

.  . t . ? \  .  i . Y

. / .  a A  ' / . A A

. / . f l  . / . Y A

. l . f ?  ' / . l v

] i . Y Y

. /YAY

. t . ?

/ . f f

\Y /Y I  \ l / f ^  Y \ /YY

\ r /YA \  f t /A \ i l . ,

Y/I^ Y I'Y Y/  \

\ /YY'  \ /YI '  \ /YY 

. /AYY  . /Y fa8  \ / \ ya

. /  \  tY . / \  r i  .  /YY

.  / . v a  .  / . 1  .  l r f

. / ' A A  . t . r ?  . , t , r  
' '

. / . a \  ' / . f a  ' / . a Y

' / ' f  . / . f \  . / . f r

t . d6?  ' / - a l  . t . ?L ! /

. / . f a  . / ' f v  . / . f a

. / . rA  . / . r y  . / . r r ^

t5l
t6l

[3] J A Cadzow and K Ogino, "Two-Dimensional Spectral
Estirnation", IEEE Trans Acoust, Speech, Signal
Processing, vol ASSP-29, pp 396-401, June 1981

[4] X-D Zbang and J Cheng, "High Resolution Two-
Dimensional ARMA Spectral Estilnation", IEEE Trans
Sigral Processrng, avol. 39, pp 765-'170,March.1991
A Rosenfeld, Image Modeling New York: Academic, I 98 I
B Aksasse and L. Radouane, " Two- Dimensional
Autoregressive (2-D AR) Model Order Estimation", IEEE
Trans Signal Processing, vol 47 , no 

'l 
, pp 2072-2071 , July

1999

[7] B, Aksasse, L Badidi, ard L Radouane, "A Rank Test
Based Approach to Order Estirnation- Pan I: 2-D AR
Models Application", IEEE Trans Signal Processing, vol
47,no 7,pp 2069-2072, July 1999

[8] S Rital, A Meziane, M Rziz4 and D Aboutajdine, "Two-
Dimensional Non-Gaussian Ar(oregressive Model Order
Deterrnination", IEEE Trans. Signal Processing vol 9, no
12,pp 426-428, December 2002

[9] X-D Zhang and Y-S Zhang, "Detennination of the MA
Order of an ARlvlA Process Using Sarnple Correlations",
IEEE Trans Sigrial Processing, vol 41, no 6, pp 2277-
2280. June t 993

[0] W Gerscg, "Estimation ofthe Autoregressive Puameters of
a Mixed Autoregressive Moving Avemge Time Series",
IEEE Trans Automat- Contr, vol AC-15, pp 583-585,
October I 970

g-12 ;::- ,.r15 .f o.rol " " ,III J:r: 1o d ,rbb

s Qt = | 611l * R2" .,p-iL Fis .:,r-i ,l.ri- ,.>

,c IVIA g* ois^ ,1.t;,_l 1l .c-l o.:lc 6, Or =0

Qt =1, 4Z = 0 ,rlrr ,\-r-)N r)f rgJ-t 9s ARMA ..1.r-

..u:!.r

*;r Q rtb Q,Q2 os:-a:.tb ,J:l.q -,J * j-'

.c IMA J.t- 4=--

6r-t 4++ -A

MA 4+-J- i,G)lll aJ c-l o-r; oolc ,Ll aJG. ,,_l ,s

.,.--;L .5,- )J rj-:* ,* + ,.s"+ 9s ARMA J.u r,:

MA d?,-r- r-r=:- csl; .r--rfJl , i-l .,ii..,r*--.-.^a

.j*-."$ c9i 1l .rU:-l ! .S*'r 9,: ARMA J.u

or..: a5lrl AR *_lF d.'| jU rrr* : AR *:r , t^ 4;' ;

.6J+9r J.u a5 ;f ,! e f .o.r^i 3 J.- ;tr Jr .f!l

6jL di-i .J-l ;i=: t? J.-j-,,.r 5 ,rjJ .rl.r,_t ..rlc

er::-- ,.: l, "l: 6J.. 
:::j_:r^ j:T:

c:l'r
H Li, W Sun, P Stoica and J Li , "Two- Dinrensional
System ldentif ication using Anplitude Estirnation", IEEE
Signal Processing Letters, Vol 9, No 2, pp 6l -63, February
2002
P Kierlan, "Two-Dirnensional AR Spectral Estirnation
using a Two Dilrensional Minimurn Free Energy Method",
IEEE Trans Signal Processing, vol 43, pp 3075-3081, Dec
1995

t l l

l2l

\ f .


