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Abstract

For an ordinary engineer or researcher, there are too diversified branches or even disci-
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plines which have their own jargon to complicate an easy access, Nevertheless in

many

cases an isomorphisim or even identity of notions exist to escape our grasp when expressed

in different discipline or context. In this paper the masterwork of Box and Jenkins is in-

troduced to accustom a few terms of statisticiens, to be followed by the technique of

smoothing filtering of Wiener and Kalman - Bucy.

The advantages of a transform (for example Hadamard ) technique are explaned as well

as authors personal philosophical views.
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— W o] —m{H o) —

white noise z(t)2 ¥8 d(t)& LE] FE AR
(H(jw)system & (36)Rol a4 che X& i
A" o).

Kue () f TG Kt =e) dry o Cr oo

Q) pole-zero Birh

O NEY

Z ()& white noise o] 7] m o] = spectrum € uni-
form sl=f welA /0] EfE £l systeme] impul-
se response 7} ¥ c}. Bl Ri(r) = Ka, () 0

WKlr) AE(d () 2 —0)) = E(d D 0" W7
¢ —-r—v)dv} *f ’w"(u) Kar (r+0) dv =fma)*(‘/9)

Kar G—=B)dF B w*(—t)— (W% K, @)
Sy, (W) ol U7t o] & Sy, (JO) = (Wr(jo))* Sy,
(jw)7} "tk o]+ % r}4] non realizable 3 A&
eI U7l wEol B Ky, ¢)E k¥l slolA
= Sy (Jw) b pr. S BEAE Bote: B
gt ol= Sg (iw)e poles zeros off A ZfIvI€ #
%8 £3’ch welA optimal linear filter o R
#e g Xoer debdrh

o]l+= cascade §] ¥ system ¢] impulse response &
2 (&#system9] impulse response & k3t
QloiA) A 24 22| convolution #&-& dtejo} %ol
Rt MEEANE 580 MEHKE A2 F34 5
A ol (GDRE BEHA g LG
E AA 23 Zo] RR¥wWt ek

jwy = [—L S4,UD) T ... -
H, 0w =(5705) (e (3-40)

1
ThReE e
=thBA T H@ME e Myu@)t e y(—t)ud
LR Eoll gloj Ao superscript & FIEE Hdtehs

Eojr).

(18 k= ER¥E) poles & jo

282 S(@) =S, (@) + NE QYmol

A Ng/2

H,(jo)= 1~ N
(S, (joy+ 7“]*

............ (3—-4D
o] t}.

10. Kalman- Buey ﬁltering[u 8llsl( 10104210 12]
(13101430172

—Mro e EorERE e o€ Mo #
Fo g olEA =l +=d linear filtering & 7 -9 919
A X #5e] —FEql state equation & H3l HEEH
filtering & & 4 Utk o]z o] Kalman filtering qinj
@ |- discrete signal ¢} 7-9-¢} continuous signal
o At 2 XE Mol HEY £7F Aok FEE Kal-
man o]0 g2}y ##E = Kalman 3 Bucyl(i2] 71
BET Ao2M Wiener o 799 oh3 e %8
B# ztw 9okl

(1) Bmel Aol mizol St kg 7
5 WEHs Ev Hihe] FEXE Eojok drx AL
7} @-eul W 3le] state equation o] 7 ¢+ state =}
fiEshd "t

— 7 —
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12) —ff).o. 2 time varying 3t impulse response
ho(t,u)E s AR - #igssl state equa-
tion & update s}= A o] 4Jc}.

{3) AT#E & control s}ofof 3= space ageof A
Hujaslod of dl4= states 7} %] @l -Fol] vector kel
Whedt %E& T G HISkeh

(4) #772] (FME-S ¥ process 2 #atol ks A
B o EEES) KAl A EHEEY AR e #HMAE
2= %8 % brute force oz SR W 4 Qrt
w & g systeme] #UEBIol = FUHA FiEEel
9l=d] 3}t state equationo] {K7F KHlolm E3F}
Y= AL BAERRNS BRE o iRl (B
impulse response)o|ch wFMl & cH- FEHR7E ATk

$F—[H BHA(I-3D KA A F--I7- 1, ol AAA
state X° 24 HEHE T Y)EKEH(E = stored energy)
of Byt ol oA o] BELSH o 2 A dissipative sys-
temeolzty (M1 p.r. HifFo] Wik H = system o] i)
t, > —oo wel HEE mARoE FTIHY da o
€ (1-—34b)o fRASH

Y =Cf D, 0 )G@U R dewrmoe (3-42)

system o] time invariant &}x] grcled state i
output equation (1-33:L,1 — 34a )2

dx(¢) .

at =FE)XW)+GHUE) oo (3—-43a)

Y(t):C(t)X(t) .............................. (3.—43b)
o} zko] matrix F(¢),G(t) Y C(t)Fo) Kl K
gt S7 dEo) 42 Re) €& C ()2 34

13

Y(’)=f_wG(t)<1>(t,r)G(r)U(r) dr_A_f'

H(G U ()dr (3—44)
7} ok whe}a causal system o] b

ht,o)=gCUXP,DG (7)) t=T (3-45)

0] t<r

ojch ©]z-& state equation o] RE(= A4 L system
of {iEXECT #EI Aolch
REE MEXNEE HE%oee sl state equation
& ke HEE YepIE
—— Random process & K@ A%< PHGRE
2% random variable o] 7] of-Foff state 3 output
equation gl Ky (ty, ) A E{X(to) X (t0)} F9
covariance & o}lof ghr}.
£ g glo} A el covariance matrix & A, (¢)

ARXOX Ot X)) =FOXH+6 ) U
(¢)5 #5IEA] 7)== state vector X(¢) 2] variance ma-
trix = ohe #o7e WA A e80T

Ax(t)= F (A + A F (1) +G ()
QG (t)

B E{U®U ()} =Qs(t—o) ol
(1—-34a)ite] BU K- input to output direct
coupling p43-& vt U(¢)7t BRI et &
K system t|ijjo] JRBF IS HEMIRC =l Aol o}
17| m-gof realize @ 47 gl B=02 wou
BHigol goiA BEBGLI) Y()E 220 ddAM=
noise 7} 4 As}H7] o

YOO =CWOXE)+W()

o} o] W(t)HE Bifmsh=d o]-§ observation no-
ise T measurement noise z} ¥Erl

Kalman filter o A= A ;& white noise 2 4
7bet7] moll (AT)R Qe o] white noises} &
= o}-% plant noise g} gch

(48):t 2] observation mise W(#)+& 4

E(WUEOW W) =RG6U—~u) (3—-49
2 3krh. o] matrix = covariance matrix o]”7] @
of positive definite o]tk #5k sketA e R
€ o 2o
« Estimation equation

AX(t)

i =F(OX@) +Z() (Y(H—-C#)X (1))

« Gain Equation

Z()=&@C (R o

B &, AE{Xe (OX WOIHELX@)-X(E)
(X)X () = #5E3eS vebd & variance ma-
trix 24 t©}-g2] Riccati Jfizte] fgo] cp.l8ILT]

df{,,t(n: F()E, (1) +E,(OF (1) =6,)CH2)

RI@CUE, ) +G)RG )

EaERell A S8l (Y(E)-C@)X()) 7t estimat-
ion o] #ifjoll 4] error, R(¢)~} observation noise
o] power, G ()Q (t)G' (¢ ) state 2] (o]
2 & <« 9= A7) (=white noise)e| power equival-
ency d& o 4 Ak
Discrete time 9] 7%= 7= ol A G+
i+ 1 el glof Aol state S Xl

=
L

e o
e g
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e 3. discrete-time 2] A 29 & @S- Fo2

F@)e—D(G+1:)

G()—-> T G+11)

C()—~ HG+1)

Z()—> K(i+1) %oz vy A state equati-
on ¥ output equation (£ measurement equation)
& EZNFBEROZA b3 o] "ot

XE+D=DG+LO)X@+D G+1L00G)
.............................. (3_533)
YE+D)=HGE+DXG+WGE +1) (3—53b)

olmi #EME thE Ko2A RefAlch

XG+10i +1):<I>(i+1,i)1/l’\(/i\!i)+K(x‘ )
(F G 4) -HG +DDG+,)X G 16))

a2z K+ sHERe vebdrh

KG+D=PGE+UDH G+ HG+1D)

% P(i+111), P(i+11{+1)% covariance mat-
rix = t}g z¢] solution matrix o]t}

PG+l =0G+1LOPGIDD G +1,i)+
DG +1)QT (G +1,i) = (3-540)
PG+11i+1) =U~KG+DHG +1)
PG +1]) s (3—549)

o] 524 EHEE = discrete system-g Kalman fil-
ter 2} 23 O +1,i)= (1-39KAA A%

o] state transition matrix o]r},

#® ®

g P ALAA ol n¥re] A ZWSA X
e BE FolA o] F2 ME-¥e BEW HANA
o 28 el 1=t BB AT Riks)el<=
AT Bt =2 23 Aoz A=A EEER
g o2 & EAerte] REstgch olv oy &
o) s E #EEe FIF MK RE 2 AA
a8l [EHis i Concrete ¥t stube] technique 9}
fRikol o el & HARKER L olH S
o {F&.& 2z disertation & Azstdor ¥ YK
HEYE A BRY Adeirct o (g
survey & 2|a| A= T, Kailath o) 2803} gjojo} &
Ao Mzl ohgol oy HEo €A X Et

<

Wiener °| Filtering s Kalman -Bucy Algorithm

2 #Horg Mgt ok

JLE HGERMEES] REo] ZEE T MR 2L
sroll 7] wEol ZEFEWS RS AN 2 tran-
smission medium o] B®, = SRE NE JFH Lok
iR ERA BEA So] AT A9 @ AR
o reframing & /a4 |z error7t 4: -8 A9
correction -& 84 oo 3t JEHM: 2 control § re-
dundbucy 7} #HAX 2B BpASIRLE E%E e
BAY 7 glch. W Noise & 22 AaL 71y
7l W FHet #Estd AEr e stV %
A 47t glvh uwhebA random process B A BUL
TS EIE Rt noise o K& ol Hatsdtkol oA
interpolation 3} smoothing $4zkol| &84 2ko] noise
o) o BERI o WHS BFLeRe B
Hamol s HEY ZRE BFW & 0HFE E 5 U
—ftpgo 2 analogue {FHkikEe M & error 7k ALs)
7] of ol discrete {558 (4§3) error correcting
code ) v}l Iro] $= o] FHFsct E38 time fun-
ction fpER 2ol MRSER Mrohe oju gk B
& ke Wimsle zlo) noise FHE o Wiz ch
#yihel webAE BEAURNES M4l E Sh ok

44l noise o WS A4YW HEERSE
B U 2y} transform sled M o 2 A s} fre-
queney % time ¢} non commutable §+ observable
{operator)i8io] "ol 3 domain o A F-2 Fi
of HHES FUE/ £ domaino] M SpgEl ol et
Y MR o] Kl morEel oiHgt correlation &
23 glojof sb7l W&ol - domain of Ae] Hdlo|
B domain o #-& HEE 2}x]8l& noise & e}
x| 2%tch. H) non commutable observable 2 v}z
Bl ol A 2] noise figlo] E domain o A 2] noi-
se & [FfEE A ZH A fHFEc

A, FrEFLEe] MEe &4l Hadamard #4%
ol A TR A vpehdop, [321034] gupy o o B
£¢| redundancy 7} gg-& o|v ¢ A v HEQY
b #3] KMol energy 7F 2w & Wt @
gl o A2 sequency ol #iHizta gloj A tran-
sform¥ 958 2= zlo] HElic] Miksled data
compression &} el 3L HRISH7 Wl &
BAETHIGR FERS T —Mpyo @ transform f F2
S EAY FHERS £EM @26 FEFTol #3 W
BrHgel BREE ] Atk BURHRERST HEd 3
2 time domain o A sampling 3+ N{§2] oA %
2]+ freq. domain iy NEE S A2 DFTE kA =
=4 DFT+ ##B0]7] m-&a o= 2NfEel F

Trof s

— 09—
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EE E3eR Bedvk ot gm FEY doln B
gl slol4 et Yame mae wdvel @z
HolM #H2 Nffel Higael 28 + les &
amolth. uhetA redundancy & phrZsled  FEEEET
#5] printout Ryil& TS AR 7 T8k o) L28)
gralgorithm & Rfwyo e BES WiEstd &t

Emae] oA ele HE #:Fo ALTTEd
i RS B#SA 7] oS low level detec-
tion o IEE7F &4 sbA slch detector o WMEE R
ojthE ] HfEHES] AL fBlv HENXTEMAA W
g7t g o3 AL BYHEHHS @Y quantum
detection o] [z F#E LU o aFAx
BEE2] terminology o Atelol] 7t QA BFI
BESo] access 7} & B KAAL B H ol
YoM #e-e HaEs et fES terminology 2 o] o]
% 47F A3 oyl surveye] Hijol MAE AR ¥
Ak oy g thed o] 2 scope § YT #ig
A R gE G Ch £o) Ut & YA Hel-
strome] FEIHIS) sl & Zojrh. operator i
bra- ket ¢] convention -2- ¢] <3 Exrtsfc)

By o2 RolMd EHEHEH Tho| zeln EE
L7} (Z55 5 systeme] E48fy<) implementation-g-
WEshAl e Fxuogla #@Eel AR Bferd
BRSO H 72 oM AREHES HES
FLEZH SPEEolAl RfAme BELR AXH A
o] e o) E Wikach '
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