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A Study on the Analysis and State Estimation of Bilinear
Systems via Orthogonal Functions
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Abstract- Common problems encountered when orthogonal functions are used in system
analysis and state estimation are the time consuming process of high order matrix inver-
sion required in finding the Kronecker products and the truncation errors. In this paper,
therefore, a method for the analysis of bilinear systems using Walsh, Block pulse, and Haar
functions is devised, Then, state estimation of bilinear system is also studied based on single
term expansion of orthogonal functions.

From the method presented here, when compared to the other conventional methods, we
can obtain the results with simpler computation as the number of interval increases, and
the results approach the original function faster even at randomly chosen points regardless
of the definition of intervals. In addition, this method requires neither the inversion of
large matrices on obtaining the expansion coefficients nor the cumbersome procedures in
finding Kronecker products. Thus, both the computing time and required memory size can
be significantly reduced.
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Fig. 1 The results of the expansion of Walsh
function with m=16.
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Fig. 2 The results of the expansion of Block
pulse function with m=16.
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Fig. 3 The results of the expansion of Haar
function with m=16.
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Fig. 4 The results of the single term expansion
with m=16.
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with m=128.
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Fig. 6 The results of the state estimation based

on the single term expansion with m=128.



REPR M35 398 6% 1990F 68

b o},

Al Edo]d 5-14L2 Ax® # 4o sl 2t
Hugao Agg vadgen 5-2&= I A
o2 gt Alxwle] A FAHo] Bid A7
th, Algdleol 4 5-1o4lg] Walsh, Block-pulse,
Haargt<¢ 163 AANE 2d Aags F
Walsh o} Haargt4o Aae A€ §5tghel
ok FHstn ol ARTFE ¥ AS o
% AP AHE AU

Wbl Block-pulsedts& § #herol wlste] A&
= "oAy A¥gAe A} 233 AYdss)
EFoldg ¥ = 2 odAFeld Block pulsedt<-o
HLAN HFE2AYPA] X AL 2w Ad
A9 $HEA 7eld AAeln ALt

dutAwm 345 A 72 [0, Deld AN
T 16712 3 AL whdd HIubyol Ao
7HE [0, 1/16) R dtx of7jo] Angse AAY
5 IR o]l 43e A A, HangsE ol
2 dlo AETE 1/160th BE Y A4
gulol o3 AAr aFayz Az GAdF
AA o WL Ao le FAlgle]l U=
2 gAe] 7h5d iAol Stk &, AaydsE
ol-g3led [0, 5)TE MNAL = AAFTE 162
2 gcopy ARz 5/167 #oh, =bakA] o,
5/16) Akol 9l Fkol B3k shvt2 AA= T Alay
9] Sxhystrl Asioim AAFTE 1622 A=
o Alade) EA4E o 5 Y ws gk 2
2z AANGFE Frpsleob sl 1 A
£ Aagsrt 292 dhte S"dd JAPE ol F
22 329, 643, 128323 AHdleol qrt, 4]
2do] 2xle]lm AAYSFE 1282 3 2x128=
256 & 256x256 Ao AW 3lo] wz A ol A
AbA1zhe] el AFEle] &FE Bol AxFA
Hel, v odg Aol o 9He A 43
w 2x2¢ #Hade Fwgha ubE-Asbe] o zikl
A AaE 4 g Uk F 2 A4 Yo
Ao Wagiol AL AU e Fw o]
o8 YA HEE A& 5 Ues ¢ 5 sl 2
#Hel gldd AAME o] &3t A ARTFEE o
£ Ans4ES ofsE FIoA My % A
b vl g Aol o7 whie A#st gF
A o) AETE AAFY o YyE

£

HIPSol ol HUNNG A W AR Aol et 4T

o Qdtrol AANAE A=Y, dE Am &
5% o] &de HE wioe ddF Ao 9
3 ulgo] o &EA AL Kroneckergi #
Padofl o g malge] duge] Megla, AF
el feko] Hw AAA o] ®EEE SlFe] 97
o Folc, A|EHeld 528l 27 5-6& x}
A5 Aol A AdFAFAE epda glch
7+ [0, 5)olA AEF7HE 5/1282 #-& w9
7 Fpo) o},

6.d &

B o FollA] &= Walsh, Block pulse, Haar3}4-2|
& F5 Ao A Aol 3 o I
3 wim Ay At

=3 24 Audtee 73 5 A 9 A
ANl g AdxAL] A3 S A4 F
dov FHBAE F3ld HuFggo FRAE 3
&84,

Andtro 385 A 9% dHe FH
of st = 13 Aol o3 A T A
HEE ¥ 4 gixu a2y "HdeR
Kroneckergoll 2j& i1x gade] «dwigle] HUQ
stAlEl o] HFEAAe] A 238 FHE A
F7F glow, HEE 3 A4k fao] 3o
s AV APAEAY Ay F Po] =9
ofof 3= I Ae] gk

oleldt FAHE A H Amgddo wl
Ag Aol o3 HIHS AAstged, An
e FEFS A d whygHd dims &
o, g e AL o 4 sl

L AEe A% 94 #389 Horh £9s3
o},
2. AFAEAG wiAdgAS A4 vEhde

F #ao] degich

3. Kroneckergeoll o3 mx sao] A4l glo]
= Y3e A2l $9E 4 s
7% 4 girh

4, 7HA dHE Ase YA E HoA deooz
Aagae] Fgds Al g oA
o} zlo} Alxwlel Sihg PR FHA
Ql Al4ke]l Hagirt,

5. ARz Mert folsted A §xbg 7
Hala w2z A 78 57k 9dsdch

605



(1]

(2]

(3]

(4]

(5]

(6]

606

# 1 & #

W.L. Chen and Y.P. Shin “Analysis and opti-
mal control of time-varying linear systems
via Walsh functions,” INT. J. Control. vol.
27, no. 6, pp. 917~932, 1978.

W.L.Chen and B.S. Jeng “Analysis of piec-
ewise constant delay systems via block-pulse
functions” INT. J. Systems Sci, vol. 12, no. 5,
pp. 625~633, 1981,

P.R. Roeser and M.E. Jernigan “Fast Haar
transform algorithms” IEEE Trans. Com-
puters, vol. c-31, no. 2, pp. 175~177, 1982.
tF4 “Fop4 GHolA Walsh o] 9
3 Ao s Ar1ds =54, vol
31, no. 8, pp. 33~38, 1982.

b5, AAA, olwit “Walshg+ AAel
o3 FEASAY Yol #g A7, A7
3 =53 vol. 35, no. 3, pp. 95~101, 1986.
C.H.Chen and C.H.Hsiao “A state space
approach to Walsh series solution of linear
systems”,INT.J. Systems Sci vol.6, no. 9,pp.

(7]

(8]

(9]

(10]

(1]

Trans, KIEE, Vol. 33, No. 6. JUN. 1990

838~858, 1975.

V.R. Karanam and P.A. Frick “Bilinear sys-
tem identification by Walsh functions,” IEEE
Trans. Automatic control, vol. AC-23. no. 4,
pp. 709~713, Aug, 1978.

Y. Funahashi “A class of state observers for
bilinear systems,”INT. J. Systems Sci, vol. 9,
no. 11, pp. 1199~1205, 1978,

W.L. Chen and Y .P. Shih “Parameter estima-
tion of bilinear systems via Walsh functions,”
J. Franklin Institute, vol. 305, no. 5, pp. 249
~257, 1978.
I. Derese, P.Stevens and E. Noldus
“Observers for bilinear systems with bound-
ed input”, INT. J. Systems Sci, vol. 10, no. 6,
pp. 649~668, 1979,

Richard J. Weider and R.}J. Mulholland
“Kronecker product represent-ation for the
solution of the general linear matrix equa-
tion,” IEEE Trans Automatic Control, vol.
AC-25, no. 3, pp. 563~564, 1980.



