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The effectiveness of adaptive control for energy saving and its experimental
verification

Uchiyama, Naoki

3,200,000

Diverse studies for earth environmental and resource shortage problems are
widely expected. Adaptive control, which has an online parameter adjustment mechanism, has been
studied for improving the control performance of industrial machinery for decades. This study deals
with its effectiveness for energy saving. The parameter adjustment mechanism can reduce not only
tracking error but also control input variance, which contributes to energy saving. New designs for
coverage motion planning and simple adaptive control are presented, and their effectiveness 1s shown

experimentally.



& XX C—19, F—19—1 (Gt

1. WF7ERIAR Y I DT 5

HERERBT - B EIRRTEO BEIED G S, AW TORIEN BT ST D, filx
(T, AARERNIZIS W TSRS O — 2 HEB I REIESFO S L2 50T (£,
HARDEEEMAPERIIRE 2 MR =7 2R L TWD 2 e 8, ARRE TR ¥—
BN 2 ERIZ IRV THRE « FAMETE AT, HIERBI COBREE - A EHTEICRE HBTE
P
WSS HEE SRS ST A — 2 OFRREEZ A L, G X ZPEREM O FlEMEsER L2 By &
LTCGHDRIfF ST %, W& 13T ZERI AR S ), WG HIES I 0 HIEIMERE 2 AfdRr L 72 % &
% BREDET RV —RBHGEOND T & AREHICHEERE L T\ e, Z OB H OfFI & 25
HIVADAL B d

2. WO EM

S H A IR X T A —Z OFREEZ A L, 6 2 I XEEM O SRR B2 Br) &
LR STV D, — 5T, RO T CTREZ ML TFIH S 5 EEEMBIC VT
X, BREE - AEFREOT-DICE ANV — (L b EERFETH D, AWFIETIE, #ISHIEEIC
X DB I N RICONWTHAT L Z L2 HE Lz, S5, A= — % m LT
X DR ORERGEZIRET D, REE - HEWRE~OFEMRO T2 O, FEEEWZ S E L
7o IR A i L. Ak « FEAMZ RS,

3. WFEED kA

TP, 1T RA—FOHEFET D HIER 2 GUTE T RV =N ROV IR 72 B
B 2TV, MR ZG-, O, BT A= ZHET 2 HEICHOW TR Lz, BifERro
N HEZIEIT 5 Z LI VBT RN ERTE D EEZ, ZNEEE L-aEE
IR R, FERICKL VAR MR LTz, ZONE LI T LT, B HER 0% GHE
EREL., BEFEOEE OB ERICE O CHEEE~DBREZZK 1 0 %K T& 7=,

I 51, FRCIRE LT ik & PE MW O SR g SIS 32 TR AR L, FEBRIC LY
BEAF DN 2 3R FE I (R 2 B 8 U 72 FiEIC e, BER 250 1 4 %Mz 2o, =3 VX —HEEZK
A%EBTEDZ L E2MER LI, BIEERFEIZOWVWTH, F91 5% Tx7-, X1 ICARE T
REICHW T XY T—7 Vi E A, X 2 ICEIERE S B R L X — 120N TN b — N i 72 fE
W ERLE O RS 2R T, X 31E, BRI, B E =L X — 2oV TR L — MM,
TR R — gl AR B EEEEIE O AR B TH Y, DX ) RHENTIREE o T,

I ® Start
1 i ® End
ffffff 4 Pointl
: IEEE) }
= N L_
_f}? % :
L
)
% T axis
X1 X-YTF—7LHEE BJ2 AR S AT TR R

1*:Time optimal, 2*:Best trade-off 3*:Energy optimal

0.08 T y ; ‘ ' ] 0.08 ' " ‘ " ‘ ]
-0. . L4 . -0.08 . . . 4
= =

2

o o
a a
8 &

z axis Velocity [m/s]
o
y axis Velocity [m/:
(-]
(%)
*

[ 10 20 30 40 50 60 0 10 20 30 40 50 60
Time [s] Time [8]

X3 AR, oL —2oN T — N, =L — e 2 B EEIE



F 7o, AAFEERREE U7z BN IO IR O FHE & SR OJEERR 2215 B & F WV 5 IR B
FRRRGE ATV, ATAREE O 51k & [FIRREE O L EBIEMERBIZ B T ERER U725 2R THE = kL ¥ —
ZH 8 WK T 7=, M4 IIBEIEDW 7 4 — K7 + U — R{E%5 (PFC: Parallel Feedforward
Compensation), MEH D VN — 7L L7-BETFEE (A0S-v-a: Augmented Output Signal-
velocity-acceleration), 4 [EDHEZEE (Proposed) IZBW T, IBHEREEKE 2 B & L-HlfEsE
B COMREHESER CH D, 1 0EIOBITICEBW TIREIENLEMICHERER ETXTna, K5
1%, BIERRZENRIREIC /2D X 9 HIEE 2 0% L2568 O — 1L X — O i EERAE R T
%, MBEEDLENRE T INFXF—ERHERTE D,

[ PFC BN AOS-v-» I Proposed |

PFC ———— AOS-v-a

Proposed

e
n
[=]

s

Tracking error [
(=3
L%
IS
Energy Consumption (J)

o

— 1 2 3 4 5 6 7 8 9 10
0 1 3 5 6 7
Time [s] Trh(";No'
(a) 08 PFC H
+ AOQSv-a
* Proposed

* *x % % ¥+ F F ¥ %

1 2 3 4 5 & 7 8 9 10

e
5

Tuput voliage [V]
NS o s N
N
IS
Control Input Variance

o
w
o
=
~

Time [s] Trial No.

~ b . (b)

3 ®) g 135 — PFC

= 90r ‘g’ ——t— AOS-v-a

1 PFC 5 — -%— - Proposed

|f‘i + AOSva s — e

%r %  Proposed ? 130 %=

e + o+ o+ o+ o+ o+ o+ + + + -§

=] 2

El I SN T T T R S g

S . . L £ 12 .

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

Trial No. Trial No.

(c) {c)
4 BRI E HAR L L7z g 5 BEGRRENFERED L & O R ¥F—Lig

B, R o BEMEISHEE R I B W THMELO B A Z 8 L, BEFEDO o 3 2 MElEE L oS
ICOWTHRER LTz, EBRBEEZITV, BIEE £ CTICIRE L CEHEICH L TR 5 5 %rEBiE
MREZ ) L TX 72, L LANS, WHEIXLX—1301 3. 5%EHL, WEDL— 47
BEMTHER LT,

4. WFIERR R

IR I, IR ST A — & OFHFEREAEIZ X0 R ) O 2By 2 1l Lo B IEEhE
~OBREHREZ T L TEX D2 B30, ZORRELE L TEZRIALXF—ERELNDL L%
fesB U7z, Bz e pmEhEaHEE S X OV IS EE A48 L. BAEEBE~ OB IO
BIRNX—RREED 2 ENTE, ARWEE FZBRANTHER LT,

ARG I % LU T DOm0 7 & CAFR LT,

Haryson Johanes Nyobuya, et al., Simple adaptive contouring control for feed drive
systems using jerk—-based augmented output signal, International Journal of Advanced
Manufacturing Technology, 130(9-10) 4985-5001, 2024

Haryson Johanes Nyobuya, et al., Simple adaptive control for industrial feed drive
systems using a jerk-based augmented output signal, International Journal of Advanced
Manufacturing Technology, 128(7-8) 3613-3626, 2023

Haryson Johanes Nyobuya, et al., Enhanced Motion Accuracy in Industrial Feed Drive
Systems Using Simple Adaptive Control with a Jerk—Based Augmented Signal, 22nd IFAC
World Congress, 9906-9911, 2023

Mathias Sebastian Halinga, et al., Energy—Optimal Coverage Motion Trajectory Generation
for Industrial Machines, 22nd IFAC World Congress, 9452-9457, 2023

Mathias Sebastian Halinga, et al., Generation and experimental verification of time
and energy optimal coverage motion for industrial machines using a modified S—curve
trajectory, International Journal of Advanced Manufacturing Technology, 125(7-8) 3593-
3605, 2023

Mathias Sebastian Halinga, et al., Time and energy optimal trajectory generation for
coverage motion in industrial machines, ISA Transactions, 735-745, 2023



Nyobuya Haryson Johanes Halinga Mathias Sebastian Uchiyama Naoki 130

Simple adaptive contouring control for feed drive systems using jerk-based augmented output 2024

signal

The International Journal of Advanced Manufacturing Technology 4985 5001
DOl

10.1007/s00170-024-12987-0

Nyobuya Haryson Johanes Halinga Mathias Sebastian Uchiyama Naoki 128

Simple adaptive control for industrial feed drive systems using a jerk-based augmented output 2023

signal

The International Journal of Advanced Manufacturing Technology 3613 3626
DOl

10.1007/s00170-023-12059-9

Halinga Mathias Sebastian Nshama Enock William Schafle Tobias Rainer Uchiyama Naoki 138

Time and energy optimal trajectory generation for coverage motion in industrial machines 2023

ISA Transactions 735 745
DOl

10.1016/j . isatra.2023.03.025

Halinga Mathias Sebastian Nyobuya Haryson Johanes Uchiyama Naoki 125

Generation and experimental verification of time and energy optimal coverage motion for 2023

industrial machines using a modified S-curve trajectory

The International Journal of Advanced Manufacturing Technology 3593 3605

DOl
10.1007/s00170-023-10912-5




Paing Min Set Nshama Enock William Uchiyama Naoki 9

A Kinematically Constrained Reparameterization Approach to Optimal Time and Jerk Motion of 2021
Industrial Machines

IEEE Access 97843 97854

DOl
10.1109/ACCESS.2021.3095847

Nshama Enock William Msukwa Mathew Renny Uchiyama Naoki 9

A Trade-off Between Energy Saving and Cycle Time Reduction by Pareto Optimal Corner Smoothing 2021
in Industrial Feed Drive Systems

IEEE Access 23579 23594

DOl
10.1109/access.2021.3056755

Mathias Sebastian Halinga, Haryson Johanes Nyobuya, Naoki Uchiyama

Generation of Time and Energy Optimal Coverage Motion for Industrial Machines Using a Modified S-Curve Trajectory

2023 1EEE/SICE International Symposium on System Integration

2023

Mathias Sebastian Halinga, Haryson Johanes Nyobuya, Naoki Uchiyama

Energy-Optimal Coverage Motion Trajectory Generation for Industrial Machines

IFAC World Congress 2023

2023




Haryson Johanes Nyobuya, Mathias Sebastian Halinga, Naoki Uchiyama

Enhanced Motion Accuracy in Industrial Feed Drive Systems Using Simple Adaptive Control with a Jerk-Based Augmented Signal

IFAC World Congress 2023

2023

Naoki Uchiyama

Towards the automation of outdoor industrial machines; cranes, excavators and mobile robots

The 5th International Conference on Applied Science and Technology 2022

2022

Hiroki Sato, Naoki Uchiyama

Simple Adaptive Control Using Augmented Output Signal with Acceleration for Industrial Feed Drive Systems

2022 1EEE/SICE International Symposium on System Integration (SII)

2021

Naoki Uchiyama

Case studies on control system design for industries in Japan

International Virtual Workshop on Intelligent Mechatronic System Applications

2021




Shogo Harada, Naoki Uchiyama

Robust Simple Adaptive Control with Augmented Output Signal and Friction Compensation for Industrial Feed Drive Systems

IEEE International Conference on Industrial Technology

2021




