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Development of Intelligent Disturbance Observer based on Statistical Recognition using Input-output

Measurements
Sehoon Oh, Hori Yoichi (Institute of Technology, University of Tokyo)

Abstract

This paper proposes a novel algorithm for an intelligent disturbance observer. Intelligence in disturbance observer

is provided by distinguishability of disturbance states. By defining disturbance output distribution as a normal dis-

tribution, the distinguishment problem can be dealt with by stochastic theories. Hidden Markov Model is adopted

to realize this distinguishment of disturbance states. Simulation results verify effectiveness and properties of the

proposed algorithm.
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Fig.1. Standard Disturbacen Observer Control System

N 1 Jns + By
d:mﬁ+1(bk+3 _Qu ............... (1)

0000000 du000000000d,«00000
00000000000000000000004000
d,dwt0000000000000000O0O00OD

000001000000 -000000000000
0000 d,d,«,«000300000000000000
onog

02 0OD0O00O0O0000000000
Fig.2. Phase space with an error in the damping
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Fig.3. Phase space with an error in the inertia

0200000000000000000000000
O000000D00000 0000000 (0.5rad/sec)
00000000000000000000000000
0000000000000000D00000 r0000
000000D00000000D000000
0000000000000000000000000
0000000 d,dwe000000000000000
0000000000000000D0000000000
0000D

0220 0000OD0O0O000D00O Ooooooon
00000000000 00000D0000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000 ®0000000000
0400000000000000000000y 00
v, 00000000000000S, 00 S000000
ooooooog

000000000000 400000000000
(a11 ~as3,by ~b3) 00 0000000000000 O0
00000000000 (observation sequence, y1 ~ y4 O
00)0000000000000000000 (S; ~ Ss
000)0000000000000000000000
(a11 ~ass,by ~b3) 0000000000000

T = {771‘}771'7; = P(Sl — Z) ..................... (3)



VY, Y Y

Y, Yy Y

Vi Yy V3 Vs
04 0O0ODODODOOOOOOOOOOOO
Fig.4. Probabilities in a Hidden Markove Model
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Fig.5. Probabilities in Disturbance States
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Fig.6. Proposed Observation Distribution for Distinc-

tion of Disturbance States

gboooboobdoboooobooooboboooboog
gbobooboedbOoOobOOobOoOOOobOOOObOOO
00000000000 60000 w,4,d0000000
00000 (observation) 00 0000000000000
goooboobooobooboboooobooooobgoo
goooog

03120 OO0DOO0O0O00O0oooODOOoOoOoooooooDo
ooog gooobobooooboobogoooobo
O000000o0ooOoooooooOo AW=(A,B,m) 0O
gboboooboobooobooboooboobooooobooobog
gbbooboboobooboboboOobO0bn Baum-Welch
00ooo0oooooooo “og
gboooooboobooboboooobooooobo
0000000000 (observation) JO0OOOO0OOOO
gbobooobooboooboobooooobobooooboooboog
gbooobooboboooboboooooboooooban
goooboboooboobooooobobooboooboboog
gooobooboooboobobooooboooooboo
gboboooobooooboboooobooboooooboan
ooooooOoooooooOooo AasOooOOoOOO
gbooobooboboooboboooobooooobon
goooo

3/6



bas(k) =

1
ﬁpexp
O000o00oo0o0o (Ag,J,B)00000 (obser-
vation) 00000000 4,d000000000000
oo0ooooooOoOOoODoDO0OO0000O000DoDOoOoOooon
gooooooouobobbbobbboood

0000 pO0000O0D0DOOO0OO0OOOOOOODODOO
0000000000000000 w,4,d0000000
ooooOoooOooOOooOO0OO0O0oO0o0oOoDoUoOoOoOOOoo
OooOooooOooOoooooooooepOoOoDOoODOO
goooooooooooooo

0 ()0000000000000000000000
ooooOooOoOooOOooO0oOo0oOoOoOooOoUOoOooooo
0o0o0oo0o0oooooooooO0 (6)0oooooo
godoooooobbbbbbodooooouobobo
oo0o0ooo0oooooOooooooooooooooo
0330 00oooooboooooo goooooo
gooooOonynooOoOoOoOoOoooooooOoooooo
OO0 (observation) 000 O000002)00000000O
O00oO0o0oo0ooooooooo3)ooooooog
OooO0ooooooooooO (r,A,B)0OOOOO
oooo o g

000000000 0ooOoOoOooooooooooo
ooooO0ooOoO0oDOO0oOo0o0o0OooUOUoDOoUOOoOoooO
00000000000 00000000000 ViterbiO
goooooooo

O0+¢00000000 000000 é6()000

5:(j) = m?X[ét_l(i)aij} D (Op) v (7)

00D00000000000000000000000
0000000000000D000000 Viterbi 000
00000000000ay,b; 004000000000
00000000,000¢t000000 (observation) O
000

00000 Vitebi 00O DOOOODOO0O0OO0OO0DO0
000D00000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000

000000000000¢0000000 (7)0 6-1(i)
00000000000000000000000000
000000000000000000000000000
000D000D0000D000000000++000000
0000 D(¢)0000000000 (8)0 (900000
0Dooooooon

N

pe(i) = Z(a’ﬁ(t—N)ibi (j(t_n))) ............ ®)

n=0

D(t) = argmaxi (CLD(t—N)ibi (J(t—n))> ..... (9)

¢ n=0

D(#)000+00000000p(;) 000000000

000000000000000 (600000000
00000000000000000004000600
00000000000000000000000000
000000000000000000000 (6)000
00000000000000000000000000
00O0o0000o0oo0

000 a;00000 (9)0 apyy,000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
(9)0 NODODODOOOOODOOOOOO0O00000000
00000000000000000000000000
000000000000000

00000000 (9)O0O0¢t—-NDODt00O0 NOO
000000¢+-NOOODOOO D¢—N)OOOO000
000 b()000000000000000000000
D00000¢t-NODDODOO DE-N)OODOO
00 ADDODOOOOO dt-n) 0000000 b, 000
NODODDOOOOOOODOOO0OOO0O

4. JO00bOO0oO0OO0OobOOobOoOooobOOobooooon

gbooooobobooooboooobobooog
gobooooooboobooooobooooobbobooog
gooooooboboo

010 oooooboooooboboooobooobogoo
020 ooooboooboobobooobooboooboan
030 ooooboooooboboooobooobogn
gooobobooooboobooooobooboooboboog
goooboobooooboooobooboooboboog
O000o0o00oooooooooooooooog (e)
000000000 ADDODOOOODODDOOOOOO
gooooboobooooboo
gbooboooooboboboooobobooooog
gooobooobobooboooboboooboi1bobbooogg
U B, 0000ooobobooboooooboobooogoooon
ud —4,4,9030000000000000000000
goooooooobogboboooog J=1,B=1
oobo B, 0000b0obo0ooboobobobooboboo

04110 oCOooOdooooooboooboooo
ooo

gooo

4/6



0.7 0.15 0.15
0.15 0.7 015 | -cocveeeeiaeaenn (10)
0.15 0.15 0.7

A

oobbob p=100000000000O0O0O00C0O0O0OO
goooooooooooboo B,000O AB, O —4,4,90
gbooooboooobobooobobooobooboo
O0AB,=-400000000 10AB,=400000
20AB,=90000030000

oob AB, 04000010 r0000D00ODODOO
gbooooboobooboboooobooooobao
roOooog

w

g 2‘511 I\;,‘,"‘"“an-_'.-, Toth e \.,,\J-I\‘Illl",,!
g
8 iI
o 2R
g2 .
= H —— disturbance state
é 15f - = p(1)x 10
] - = -p(2)x 10
g 1 P 10
8 !
£
E 0.5f; <
S i 4

ol . . I

0 1 3 5

2
time(sec)

07 00O0ODOOOO (AB=4000 r000)
Fig.7. Simulation result (AB = 4, white r)

00000001000000000000000 10
000000000000 02000000002000
00000000000000000000p(1)00 p(3)
00000000000000000003000000
000000 (8)00000000000-0000000
00000000000000000000000000
0800 rO 05rad/sece 0000000000000
000000000000 70000 00000000
00000000000000000000000000
0000000000000000PEOOOOOOODO
000000000000000000000000000
00000000000000000000000000
ABOODOOO0900000D000000O0D0000O
25000000400000000000000000
000000000000000900000
000000 r000000000000000
05rad/sec 000 000000000000000000
000 -0000000000000000000000
00000000000000
04120 00000000000000000 OO
00000000000000000000000000
000000000000000000000000000
00000000000000000000000000

N
&) w

N

2
5
Qo
[=]
s
5
j=%
5 — disturbance state
© 15 1
2 - = p(1)x 10
v - - -p(2)x 10
8 1 p(3)X o
g ' p(3)
5 -1
7 05( 7, ¥ P
© i K 15

0 N R T I

0 1 2 3 5
time(sec)

08 DOO0DODOOOO (AB=40000 0.5rad/sec O
000 -000)

Fig.8. Simulation result (AB = 4, sinusoidal r with fre-

quency of 0.5rad/sec)
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Fig.9. Simulation result (AB =9 — 4)
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Fig.10. Simulation result (AB =5 ~ 8)
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Fig.11. Simulation result (with external force)
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