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ldentification of Noise Covariance by
usin: Innovation Correlablion TesU

Seongv‘dook Park
Kuni Junior Collage

Abstract - This paper presents a technique, which 2. o E
identifies both process noise covariance and sensor
noise covariance by using innovation correlation

test. A correlation test, which checks whether the ’ ZA:,; Al,{;?}gj‘ :;.»g v ool Tl "
square root Kalman filter is workingly optimal or d%ol 1 Ao] shy, ¥ BHbEL ol 2%
not, is given, The system 1is stochsstic auto A2y edstal,
regressive moving-average model with auxiliary white Xi+1 = AXi + Bui + [N wi (1)
noise Input. The linear quadratic Gaussian control is yi = M xi + vi (2)
used for minimizing stochastic cost function, This oj7] Al xi€R? ¥ Aelde], uicke = AolMe], e
paper indentifies Q,R, nand estimates parawetric 2 yiERe & 8 deiolch,
matrics A(q~1),B(g"!),C{y™*) by means of extended ERP Ty = s
recursive least squares and mode! reference control., - Elwi} =0 Efwiw™} =084y
And The proposed technique has been validsted in E{vi} =07 E{vivyT} =R&y
simulation results on the fourth order systenm, E{wivjT} =0, for all i,J

' . HE A Aadde] gedes 29 13 b Ao
Xey Words: Square Root Xalman Filter, o gajolAe] gHMEE 29 2gb e},

Linear Quadratic Control.

Extended Recursive Least Squares,
Auto Regressive Moving-Average Model,
Correlation test,

Model Reference control,
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stod alsefe] 2eg vde] ol YrsheF oy

7.g bl sletnlel g B A4 ASYSOee &

8ict, 23 32 Mg 21ERE Ael2] F¥dEolch
A|7¢ tofMd Z(t)y y*(t+d)o) 71U r(t)7} Al2)
3 nedof A7k HE ol FYS JeDE 2o st
E Holg)™ uxt)zt yet ro) A% ztteg Asiich
J(t+d) = E{[y(t+d)-y*(t+d}]2iy(t),y(t-1),...,
u(t),u(t-13,...} (3)
4 ahgo] Xgsle} Qi Aol stetulei(o g #
7 2l 2beyg o] 88l otz Aoz m¥Uch

y(t) = dT(t-1) (L) (4)
HT(t-1) = { -y(t-1),...,~y(t-n),
ul{t-d),...,u(t-d-n)} (5)
8(t) = {ay,..., au,b1,. ... bm.Cx....,Cp) (6)
A(qQ~1) = l+arq-t+azq 2+, ... 4anq™" (&2
B(q~!) = biq~t+bzq 2+.,..+buq™™ (8)
Clq=1) = l+ciq~l+c2q 2+, ., . +Cpq7P (9)
AlqDy(t) = Blq u(t)+C(q~Hu(t) (10)

E{2(t)) = Ao? .

A714 GT(-DE Y pze) 2ygdeloln O%
4, 28ASe 2gpdeiolth Alg), B, C@)
& o] 4% A Ag2] ARMAX elE ERT Folch.

Biten) = (1) + KWIYW-PTLE (D

K(t) = p(OSD[DTp) P+ A2(t+D 1" (12)

p(tel) = p(t) - K(OIDT(L)p(L) B (1)+
PEITTINN (3}

e(t) = y(t) - PTIB(D) )

L2¢ter) = L£2(0) + [e2(t) - 2] (D

2.3 AFT Fdyely 34
%I?f¥)5131 7]%1(6.7.8.9.10.11)oﬂ Squaru root
filtert®.10.12>5 H f4fo 52 A Uel g 7319l
ch AF T B Uele] ¢EAE DELEY FELo] 2~
Zel) 75, ofef 2oz FrWrl,

P(k/k)=NWx~Wi~T (15)
Sk = HiWie— (16)
rk = SiSkT+Rx 17)
Kx = WSk T/rk (18)
ax = (1 ~ Re/rk)/SkSkT (19)
Wik = W~ (I-akSkTSk) (20)

Wi W-Tieey = (AWK (AT » Qi (21)
o714 Wk~ P(k/k)E Choiesky #sf2]o g ¥3je s
Arztetedojcl. AJ(15)-(21)o] AF2 Wrye] Ao
o AL E oY aeb el

2.4 23 28 7} A Ao}
S8 Al 2glof chtt Ao]r]y13.14.1502. gha w]g 8t
T HAR EE Aol ur(t) g AlaRle] rlrt:
Aol alg Witch 2 AFodMe 22k e} ApSAIT A
ol & Algstod Al g5 Aelgic, g WA g olel
Moz e o ol MUY u(t)g Fah7ln Lt
n-{
EntaE(x’ (N)Qox(N)+ZT [xT(s5)Qix(s)+uT(s)Qzx(s) }ye-1)}
a=tO
ye-1T = [yT(to),yT(to+1), -, ¥yT(t-1)]
W(x(t),t) = minE{(xT()Qx(t)+uT(t)Qzul(t)+
W(x(t+1),t+1) lye-¢}
= minE{xT(L)Qx(t)+uT(t)Qzu(t)+
Wix(t+1),t+ D {x(1)}
¢l ez 2el 214 o8 ux(0) g Tk x(t)it-1)g}
L] Fol 52 4o T} olele} e},
L(t)=[Q2+BTS(t+1)B]-'BTS(t+1)A (22)
S{L)=ATS(t+1)A+Q-LT(£) [Q2+BTS(t+1)R]L(L) 23
=[A-BL(t)1TS(t+1)A+Qy
= [A-BL(L)1TS(t+1) [A-BL(L) J+LT(£)QzL(1) +Qy
u{t)=-L(t)x(tit-1) . (24)
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Fig. 3 Block Diagram of Adaptive Model-
Reference Control
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A 1], 7 C},

i E}zs = yi-Hxi i-t (25)
‘ei = Xi=Xi i-1
zi = Heitvi
E(z1273) = E{(Hei+vi) (Hei+vi) T} (26)
Ck = E{zizTi-k}
Ck = HPHT + R L k=0 27)
Cx = HLA(I-KH) J%-1A[PHT-KC] k>0 (28)
C-x = Cx

srevnlele] 2]9 A efsmof cofsh dotrsd G2l FUE
5{%} st 4] g8 Wy 4dde| of=ad fz|(Ergodic
principle) & 44108 mxistgd ofe) o] Yrh.

N .
€ = A/MNT 21 2Ti-k (29)

i=zk
-1.96/ (MY < [Ck]i/[Colii < 1.96/(N)Y2  (30)
od7] Al N-& AJEZo]a Cool ThEt Ci2l A 2b7) FBA
A7b Azlw 95% tfAEo] AJ(30) & THsPU 2ol
mrZslz) opeql wlzlHo g WAsle] g,RE olel H2X

F73%bct,
R =& - nnm (30)
-1
3. HAGQrT(AS ) THT =
j=0 ' k-1
AP(A-K)THT - HAKPIIT- § HASQ(AI-OTIT  (31)
Jj=s0
Q=Al-KID-RU K +KCoK*JA", k=1, o.n

2.6 A} e} HR

AT 2 3, &Y gt BY Fgol v
SISO 43} -8 ~qlof cfs) AlEefo]dsjrn AtE
A28 olele} ).
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0 0 -0.854— %1~ B ¥-1 A& FEAL AT A A3
Xieg2a| 1. 0 O 0,784 || x2 |4 -0.16 [] u2 Table~1 Estimate Results of Nolse Covariance
0 1. 0 -0.180 X3 -0, 40 u3
-0 0 1. 1,000t xg 1.00 by Tteration No. a f
—0 —Ur
£ )1 0 2,000 1.000
o] 1 0.619 0.346
~1. 2 0,508 0.321
vi=[0 0 O LIxi o+ v 3 0,583 0,318
Q =1, 25 4 0.463 0,237
fio =2 ﬁo = 5 0.614 0.349
A} 2518 ARMAX ygs—e_ ERs} o}zl o) ), 3 0.654 0.353
A(q1) = 1 - q7! + 0.18q72 - 0.784q73 + 0,656q™* 1 0.811 0.327
B(q™!) = g7 - 0.4972 - 0.164™% ~ 0,34q™4 8 0.593 0.3%0
Clq1) =1+ q1 + ¢=3 9 0. 507 0,368
QA Mg sy AojAE st e 0.618 | 0.310
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