A Thesis for the Degree of Ph.D in Engineering

Periodic/Aperiodic Separation Filter

for Control and Diagnosis

February 2020

Graduate School of Science and Technology
Keio University

MURAMATSU, Hisayoshi



ik 5 (HCH 3)

B
¥+ Ww X E =] No.1

Wi | H 5 7o K4 R A E

+ W X @ 4 : Periodic/Aperiodic Separation Filter for Control and Diagnosis
(it & ZWr D 7= > D JE W FEE I 3B~ « Vv 4)

FEEAD ARy FEIX U, HEEEIIE Y K LEMEZ AL LTV, BAMANELIE
(BT D HE AN TN T E 7=, 2N E TOFE CIIEBMEDO LR E B S,
EROIBEN 2 ENTEEN, FAIIREL LOIERMIREON T 2 EETHZ LT, &
DR L EERIEN I CTE 5, £ 2T, ARORIZESFEEWRRE L B 5 7O D
IR BT V2 OIREZAT, JEAHL FEFHNRRE Y ¢+ — NN 7 filflds K OVE
B FEE ARSI 2 SR T 5 & & b, aE o B2 kB L O AREEDZ
Wr~o R %2R LT,

F1ETIE, AMROE B X OHIZOW CEEME 22 2 Tl L7z,

F2ETIX, B IEEY ROV TR, F9 A FEEREEZ EFR L
INESEET DT DA FEEI S BET 4V Z RS LTz, JEWLFEE I BET v
ZIETOERE 2 EEREZME T 2 L RBETHY . BE)EREKR~#ILT
728 JHIs S v F T 4 N Z IS L P HEE R ARG LT,

B3 E T, AW FERMRRERIENC W GRAR=, F9 B FEE BT
2 % O TIRRE A JEHPIRAR & FEEHIRRE~ BT 2 2 & T, AL FEEEMRRE” 1 — R
Ny 7 IS LT, ARHIEHZ G, JEENRRE & IEE KRB O 4 - BLA - HilfE o
GEENDEEL TS 2 2T ot E At L7z, T L CARlEEZzE— a2
ha— b~ S, B IEE HEE R A HE R Uiz, SMELICxE LT r 3R R 72 JE
/FEJE HAE B 8 & SR EE I I - oA o v — & A & WEE) R K ONEE HE
BA~E Y Y THHEICOWTORLE, I~ =t o L —¥ Z W TEBRMIZED
B w R Lz,

AT, B IERBAELINERIEIC W Tl 2, #0 IR UEE N ER SN D
HEhmix, BHAELIC KLY Z208EERENSILT 52 EREE o Tnd, vk
RS D=8, FWINELEAHETE « §ET 2720 0BENELA TP — "R L, &5
(2 EISNELIS N 2 T RSB B REIR BV THEB SR AT A IR HIANEL A IE T S 72D
JEAINELA 7 — R Ll E OV T — "R S DR, LV e AX MEEED DT
DO EEE R L, IERZE L CE ORI EMRAE LT,

5 ETIE, B FERMZENC O W TR, AR GHOLECEMIENED T2
DOPEREIGH & LT, B IR BE T « V& % T2 5 e O B Rk A A
L7, AWEIEMAE TROB MM & BREOIEFRWMEICERT5 2 & T, eERBRMZ
EHL LT, I6I2, B IR EET « V2 % N OEE)EE T~ Uiz, EE)
FEFEOME T 2 EWIME S NMEVWEOIEFEIIMEICE B35 2 & ¢, EERESED
B Oy fEEEE M B 5 Z LI E LT,

FOETIE, AMIROMEZENL, fme & bICBEEZ R,




A% 6 (B=XH 4)

(3) Keio University
Thesis Abstract
No.
Registration m ‘KOU” o©“OTSU” ) )
Name MURAMATSU, Hisayoshi
Number No. *Office use only
Thesis Title

Periodic/Aperiodic Separation Filter for Control and Diagnosis

Periodicity has been addressed by control engineering research for automatic machines that
repetitively operate, such as industrial robots. Nevertheless, a periodic/aperiodic state including
both a periodic state and aperiodic state was not considered by previous studies for control. This
research proposed a periodic/aperiodic separation filter and realized periodic/aperiodic state
feedback control and periodic/aperiodic disturbance compensation. Moreover, the thesis shows
applications of the separation filter to anomaly detection and diagnosis of human behavior.

Chapter 1 describes the purpose and background of this research.

Chapter 2 describes the periodic/aperiodic separation. First, this chapter defines a
periodic/aperiodic state and constructs the periodic/aperiodic separation filter to separate a
periodic/aperiodic state into periodic and aperiodic states. The periodic/aperiodic separation filter
can extract all harmonics of the periodic state. Then, a frequency estimator based on an adaptive
notch filter is designed for addressing frequency-varying periodicity.

Chapter 3 describes the periodic/aperiodic state control. By using the periodic/aperiodic
separation filter, this chapter constructs the periodic/aperiodic state feedback control. Separated
stabilities of the separation, observation, and control for the control system is proved as the
separation principle. The control is further developed into periodic/aperiodic motion control with
six periodic/aperiodic motion controls assigning position, force, and impedance controls to periodic
motion and aperiodic motion. This chapter further shows experiments that validated the practicality
of the periodic/aperiodic motion control using a multi-axis manipulator.

Chapter 4 describes the periodic/aperiodic disturbance compensation. Industrial robots work
repetitively and induce periodic disturbances, which impair their precision. This chapter shows a
periodic-disturbance observer that estimates and compensates for periodic disturbances.
Furthermore, an enhanced periodic-disturbance observer that can suppress both periodic and
aperiodic disturbances is mentioned. Finally, comparative experiments are shown.

Chapter 5 describes the periodic/aperiodic diagnosis. This chapter describes the diagnostic
applications of the periodic/aperiodic separation filter. Periodic/aperiodic separation filter based
haptic leak detection and periodic/aperiodic separation filter based proficiency diagnosis are
described for industrial food packing inspection and motor learning evaluation, respectively.

Chapter 6 summarizes the results of this thesis and presents the conclusions.






