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Realization of an Adaptive Controller
through Locally Stationary Autoregressive Model Fitting

Genshiro Kitagawa, Hirotugu Akaike
(The Institute of Statistical Mathematics)

Kohei Ohtsu
(Tokyo University of Mercantile Marine)

The construction an adaptive control system NADCON [4] is described. The controller is
based on the model

x(n) = ‘%a (&) % (1) + £ 5. () y (n-i) + ¢ (n)

k
u(n) = i§1 c (i) u (n-i) + € (n)

where x(n), ¥(n), u(n) and &(n) are respectively the controlled variables, manipulated variables,
disturbance of the system and white noise. The first equation is assumed to be time-invariant
and known. By fitting locally stationary autoregressive model to the estimated sequence of (%),
the second model is adaptively modified. Based on the model, the state space representation
of the system is obtained, and the optimal control is realized under a predetermined criterion
function. The controller thus realizes the change of the control gain by updating the model of dis-
turbance.

Two procedures for the fitting of the locally stationary autoregressive model are described.
An example of the simulation study and the result of an experiment on the auto-pilot of an
actual ship are reported to demonstrate the utility of NADCON.
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(4) X(n) =FX(n—1)+Gy(n—1)+U(n)
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4.1. MAICE procedure
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4.2. A Bayesian procedure
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esigner
BEOBAT LA TRIZI .
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u (n) =x (n) — % (n)
i () = _':’zla () % (n—3) + Z”jl b (@) y (n—i)

X o THEL u(n) ZHEET 2.

(I1) Nonstationary Noise Model Builder (I) T#H 5 hicHAELOHEEME D KT {u(n))}
B ABOFAINOHEC X > TRITEFEBCER 7 v 25Tk, FEEHRIEL
DEFDEF L

(28)

(29) un) = Se i) (n—i) + € (3)

wiED.

(II1)  Overall Behavior Model Modifier (11) THEL RSO EF 1 &l #H B8
DEFIL (T) OO T TORMEROE XL KRBT IRFOET L ERD L.

(IV)  Optimal Controller Designer (1II) TR eF A L FHE D L M iR
U TREHRHES 1 v G 2HETS.

(V) Optimal Controller BHHEHDOBEE x (n) 76 H #H ROBEDIREE X(n) 2H
EL, REHEEY (1) =6X(n) ZWD5.

PEERNT, (I) B (V) ROTEUBSHEE 4£ o x—EHT S h, (II)~OV)
13 M4t (M 328 20F 200 ELTHL) Be—ERIEFIRD.
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Noise Adaptive Controller (NADCON) DRAMORE 4T/ o bty I ab —v 5 Vi
fT7sotc. ROBEEL L CTHBERLIAN-1HIY AT A
x (n) =1.8x (n—1)—0.82x (n—2) +0.5y (n—1) +0.3y (n—2) +u (n)
EEL. ELHECH->TRIDEFANERTELR TS ERETADITHENT
TNDT, HLOREYSD
x (n) =1.7x% (n—1)—0.745x (n—2) +0.4y (n—1) +0.4y (n—2) +u (n)
BHEROEFALELTHESI D ELKE., Y1 alV—vaVid2,000 27 v FICE - THith
, ZToRsE
w(n) =08u (n—1)—0.64 u (n—2) +¢€ (n) 1<n< 600
u (n) = 1.39u (n—1) —0.64 u (n—2) +€ (n) 601<7=<<1200
u (n) =0.8u (n—1)—0.64 u (n—2) +& (n) 1201<n=<2000
LA (b a e, NADCON % (28) X » THELZ#EL, M=200 KT Lcitfloes 1%
FHL T I EREDH, viav—va VHBORATIABKELAKL TR L
Lic. F7-HBOFHEIL performance 3 (22 ()3 4y (1)?) WX - Tfiles bk L.

K 2ix MAICE o) NADCON W IREXRE K=5 L LLHEADY I a2 ~v s vD
—HTHS. BLETZFDEOERNELDTHS. 3, BHD 200 AOBAC X -T, 4
ILoEF

u (n) = 0.803u% (n—1) —0.559 4 (n—2) +& (n)

HNELR, FORER, ROXME [201, 400 CRHHEARISLALELDL D L x(n) OEH)
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# 1 MAICE # NADCON & X 5§l 8
. _
Variance used model u®) = X c(Q)urn—1i)+en)
Interval Performance | i=1 o
| oe | k| o) =1
[ 1, 200] 7.2 7.1 21.6 white 0
[ 201, 400] 3.0 7.7 13.8 AR 2 0.803, —0.559
[ 401, 600] 3.2 7.3 13.8 pooled 2 0.823, —0.632
L 601, 8007 25.5 | 14.2 65.2 pooled 2 0.819, —0.628
[ 801, 1000] 3.0 | 20.8 26.8 switched 2 1.454, —0.748
[1001, 12007 2.9 | 22.2 28.3 pooled 2 1.429, —0.711
[1201, 1400] 3.4 | 29.6 36. 4 pooled 2 1.425, —0.696
1401, 1600] 3.2 | 10.4 16.8 switched 4 0.852, —0.594, —0.103, 0.153
[1601, 18003 4.1 6.4 14.8 pooled 2 0.783, —0.677
[1801, 2000] 4.4 7.7 16.7 pooled | 2 0.804, —0.666

BESGLUTRED R TS, #=600 75N G I EFBR T D7 — 288 L 7o $ DICE(L
L2, Z AT NADCON 1% 22 H AL & F A ic ST s 3 7o it X [601,
800] CILEIfERE N RIECEMLL TV 5. Lvl #=800 THL-=F 1

u (n) = 1454 u (n—1) — 0.748 u (n—2) +¢& (n)
DR ESH, FORE, HEE YY) D5 5096 NS %¥MH x (n) OFHITK 1/8 Lo
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H, =600 LIFiOBHH T > TV 5. #=1200 2B BEORTON IR - T 505, HL
WEFAPRAE RS n=1400 ¥ CIXHEE LB ECRETEL Z L) G0 5. n=1400
DBETRETF LVOEFRIC L - THHEE x(n) OFHEZEAL AR 5 2 L iz
y(n) OFEHER 14 TR L TW5.

%2011 X NADCON i I 5 figggs ~_ * 2 ~7#% NADCON © X SHIBHR

RThs. 1 LHETH LHEEEISE Interval Variance Performance
AER—THY, hirbi3F%E OB 5 |y
LTifEd vz, I alb—vavod [ 1 200] 72 71 1.6
HREY, BLIRBE, T3 #n=200 0k [ 201, 400] 3.0 7.7 13.8
TR (1,200] ©F — 22 SNTRA X [ 401, 600] 3.3 7.0 18.8
EF L AR, pRDL TV S, kT n=400 [ 601, 800] 2.0 | 14.1 66.1
DWETES [201, 400] 7213 0 F — 21k [ 801, 1000] 2.9 | 20.9 26.8
ST, S xer o AR pokwni, & 0 T S
Hic ARy & ARy 73 82 BIB w = (0.155, (1401, 16001 3.2 | 9.8 16.3
0.845) TINEFRHINT ARy hikbdBRT [1601, 18007 4.4 6.0 15.0
WA, =600 Tit & & BT w = (0. 236, [1801, 2000] 4.0 8.3 16.6

0.523, 0.241) TH-o7z. ©=800 TIXHE
DWENE->TLE ST &b w=(0, 0, 0, 1.0) &7ch, BEOEFAIBEDTRITIL
Yz EERL TS, ZOHKNE MAICE Blodb o £ —% L CTuw5. #=1000, 1200 T
LEhLh wit (0, 0, 0.633, 0.367), (0, 0, O, 0.156, 0.449, 0.375) &ith, sELOEL
CRAKIGL TV A, #=1400 D B & TiX w=(0.011, 0.297, 0.187, 0, 0, 0, 0.524) &g
D, AENL LR -7 EEBLSHIELTWA, #=1600, 1800, 2000 TD @ DOfE (0.001,
0.062, 0.032, 0, 0, 0, 0.109, 0.796), (0.047, 0.150, 0.190, 0, 0, 0, 0.296, 0.027, 0.290).
(0.036, 0.057, 0.075, 0, 0, 0, 0.159, 0.015, 0.310, 0.348) >\ T LA TH 5.

Ll Eo @iz, NADCON 231K (MAt) 323 08huidbsbon, AELOEMICS ELHE
BLTWDZ ExRT R, BELAIHEROEFANSG D RERTLBECLARTH
HTEHRRFLTNS.

7. ¥ M X B

Noise Adaptive Controller % RGP AZEOHER, WKL BEMEFBCIEAL /. WER
CRERLLHER I = 2 v ERIH, EFECEFE T AICE-S < SEfHE O KBRICH -
LRTERY, HEHEOHE (58D (V) SIOFE (I) 3EOTHELHRETTZ &
hh=Ar7ueFewy p~OFFENEELLY [10] KRED 3 =2 v BEEY, HEHEOKLD
OFE (1D, 1D, AV) CHFET L &L

ZHETDEROF — 2% LEBOETFTALELT

4 . .
% 3 ERCMEbhl 7L ORK g (m) = X a() P (n—1)

i | ai) ‘ b()
1.393 —0. 239
—0.089 _0.872 BES LI L. R, ¥ (n) WA K
BobofA, 8 (n) BREETHS. HREa
(#), b)) BEITRLTHS. v FI vV
—0.164 — 0. 267 7T 418 e L, MAt=200 Bigic =5

+ élb () & (n—2) +u (n)

—0.143 —0,241

T T
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BADEBNIRE F0.5 BEIAZLORT VB 0G5, FORDEFADRFTITEA
CHERALRich ot COERBROES, =FAOEFHALLNCHE LV BEEHAloHER
KOOMAEEL TV, ZOHEMEREI =/ 7 a0BBABECLY 10U TS5
EINTED.

8 & v U

ZDHMX THREZ iz NADCON 4lR1C i 54 ELD & F ARG IS B iE X Rl
b DTHBA, THIHEE L HELRBCTLS v 5 BRHEO FENRELRRT 5
BEHLTEO—DTHH. v ial—va VbR EBEROK EIL, NADCON »+5
HREARABESOLOTHLZ LERL TV, ik 5T, SHBRARLERCY &SEE
AR DOEROFHEM SR I hie.

ORI THEbIAICEF AL TR TOEEDFE kB oL FE L —F RS R
ELTHD, ERCRESERIELCBEIRBATFEOCTAREZL DI LNTEDY, BHE
ROFIRNEH LD [4]. _

<A RBORFEEBCERE T AR CTILEHR 10~20 HoERD =7 A5 BIE Shi
LWEFANHRIEE—FBHFVETANETONRD. Zofic, BEPHLEELLZET L%
W ONBEEBLTHBLTELS ZERRWERDLRS.
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