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An Experimental Study on Realtime Estimation of a Nominal Model
for a Disturbance Observer: Recursive Least Squares Approach

o &4, d &

(Sang-Deok Lee' and Seul Jungl‘*)

]ISEE, Department of Mechatronics Engineering, Chungnam National University

Abstract: In this paper, a novel RLS-based DOB (Recursive Least Squares Disturbance Observer) scheme is proposed to
improve the performance of DOB for nominal model identification. A nominal model can be generally assumed to be a second
order system in the form of a proper transfer function of an ARMA (Autoregressive Moving Average) model. The RLS
algorithm for the model identification is proposed in association with DOB. Experimental studies of the balancing control of a
one-wheel robot are conducted to demonstrate the feasibility of the proposed method. The performances between the

conventional DOB scheme and the proposed scheme are compared.
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Fig. 1. Structure of conventional DOB.
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Table 1. Characteristics of conventional DOB.

Qlw) =1 1-Qjw) =1
H,,(s) H(s) H(s)
Hy,(s) 0 H(s)
H,(s) 1 0
y(s) H, (s)u(s) +e(s) | H (s)[u(s)+d]

I0L A& XS

AAH 22 EHS HA2ASH(LSM: Least Square Method)
< AARCE Fst= Mol gty HaAsHA T
A3 AEe L Stk o) Al=Hle] 18} EH o) o]
HE <43 v 5 Holg e AaddAs oHAd 84
2 yekd 7 A =M 1 BAe A"l afgsitia
= 57k A

o] AlojA "ol 47 HlolE] WEE u(n), Al2=H]
=9 dolHE y(n), 283 F dolH 3o #AE e
e W HEE on)2ka 3 T BAE ot 2ol
28 71 Uk

[e]

y(n) =uT(n)#n) Q)
w(n) =ww, v ]" (6)
u(n) =[uuy - u,Jt @
He w(n) FHES B4 A HE & dolgHE F
A olErt 23 )7 2L Ao 2 7} Atk e(n) S
FA ool
y(n) =uT(n)#n) +é(n) ®)
e(n) =y(n)—uT(n)¥n) =uT(n)[@n) —#n)] O
RLS €1EFL HEF (100 HAislehs s 2
= /delal ol& 3l vE& ALkt
N o
J=Y¢"(n) (10)
n=0
P
—J =
o 0 b

& 57} Sk

(1nel HA s Tk (12)$ 2ol



¥(n) =u(n)u®(n)] uln)y(n)] (12)
=4 A5S FAR TR 388 (13)9 2ok
P(n) = [u(n)uT(n)] ! (13)

Matrix Inversion Lemma®l 2J3l|, &4k} F4 WHEE

oAl 228 (14), (15)9F 2k
_ u(n+1)uT(n+1)P(n)
1+uT(n+1)P(n)uln+1)

Pn+1)=%n)+P(n+1)uln+1)
[y(n+1) —u(n+1)d(n)]

P(n+1)=P(n)|I (14)

(15)

IHEE ¥y 4L old 4 HTFE ol&ste AN
o= F4o] 7k (159 22 FHE 2 Aok o] 2
& W7} QI AKForgetting Factor)S ©]-&3) &= 47} St

IV. RLS-DOB
1. ARVA =&
=2 A2EHS 23 Al2EHoE g3 A4 A& ATF
G olik AIZE YoMl AL Fele

o] £ < Utk

Y(s) ps” +p;s+p,
U(s)  qs’+qs+g

CY(z)  agtaz 'taz’
H(z) = Uz) 1+bz t+hbyz 2 {17

16014 B9 Ah5psh me] 57} e A2eE 27
X ZEl(Proper system)lg} Fhck. o]al o xe] A
el 22 IR ZEQ] FES z2ta ok 4F &9 dlo)
o] AddAE 23 IR BEHE FAT & A ok A
dgeellA Bel (172 (18)% 2ol & F7h ek

y(n) :aou(n) +a1u(n—1) +a2u(n—2)

—byy(n—1) ~by(n—2) s

gheF (17)9] o] s xddvhd 4t 29
dHlolEle] JddAlE FIR e FEE 2 85E & 571
ATk o] % A SHEL 4 dlolee] BwdE I

BA

E 24 =7] ol ©]& MA (Moving Average) AlZ=ElO]
2l gt} SEAEE TR0 AlzHe gk R3S 284
+ & §< ZHe FIR eV QshA HEE o] 1%
AZE A Q9] A7 WAl Atk

ek (17)9] BEARe] R AEHJS A 3
A|2~'l2 AR (Autoregressive) A|Z~Elo]2} JiTh o]
A& MR 3 ARS] ik FHolA A2 Foteixl FEY
HAEEE 2= ARMA (Autoregressive Moving Average) 4|
HS 2 AlzHle] g TP
J8BEE AR o= A2~Re W4yt Wlshkes 54 Al
ZHoA I A" HEgt mdS Falr] siAe A
AZEe R (18)°l e 2 MFES Tk BAIE slaslof

o] 3}

Mo ®

e Ho

=
s

N

e
o

[
o

g A7 WAzATSE 3

“19 2. A|QFs}= RLS-DOB.
Fig. 2. Proposed RLS-DOB.

TRt o] EAle A AN ARHeASHE o8-St
of sjdd 71 Utk
2. RLS-DOB

. ¥ 22 AQksl= RLS-DOBE= 19 29} At}
19 2004 ARMA 228 RLS 7|4k 2 (16)0l] Y= ¥
FE = EEd ggwth ol AH3R(Bilinear
Transform)oll 2J3] AlZF @oxe] Z+ HEy FES e
Hgoz WEs 7t A Bk QEE A= (19 (20)
< AHg g2)

1130C (rs)f
Qup = ———— (19)

l—i_zlcmr(TS)r

r=1
. m!
Conr = r!(m—r)! @0)
- v

W) = e 41 @b

Dol AAHSF 2 028 AR T 0.01%9] A&
Azt 2 TR Es) 9 A9 (22)9 22 AGIFE IA
Hrh

Qu (7) = 2:00122+0.0012 -
% 22—1.924+0.9

A AFS QA 27 300A9f o] A AAE A
A | AMEE 3 vk 2R Ao|E EFE o]
o & WAAES Fshs AlxEolth Ao|2 EFE
EHE(CMG: Control Moment
Gyro)ell oJafl A= o] HAFox CMGel U+ FE
HE =7}t Aojrt 7hed MY wollAl A AlojEojof
e EAE 2o ok B shie Aol s
olgst witjel & Z3 e dE Z+& FA Aojrt
7Fsallokgt gti{13,14].




A2 RO o
Fig. 3. Experimental setup.

% 2. DSPTE.
Table 2. DSP implementation.

Contents

step 1 Initialize
5X1 gain update.
step 3 5 X5 covariance update.

step 2

step 4
step 5 | H '(z) transfer function update.
step 6 Q(z) filtering of control input.

5 X1 parameter estimation.

step 7 | Q(z)H '(z) filtering of system output.

step 8 ompensation.
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Table 3. Initial values of variables.

Initial Values
gain 0
covariance 10000
forgetting factor 0.99
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Table 4. Experimental result on conventional DOB. Table 5. Experimental result on conventional DOB.
Roll angle Tilt angle Roll angle Tilt angle
Mean 0.0216 -0.8339 Mean -0.025 -2.7088
Covariance 0.6046 129.16 Covariance 0.0941 11.2629
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Fig. 8. Estimated parameters.
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Table 6. Estimated parameters at 200 seconds later.

Roll angle
a, 0.06
4 0.01
Ay 0.012
by 0.67
by, -0.33
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