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This paper deals with the development of the remote experimental system for robust control.

Using this system, students can execute an active noise control experiment via network, remotely.

Uploading parameter files of a controller to the web page of this system, this system executes an

experiment, automatically. About 1 minute later, a hyperlink to the result data will be displayed

on the web page. The developed system was introduced in a lecture, ‘advanced automation’, in

2015 and 2016, and was evaluated by a questionnaire. This paper reports details of proposed

experimental system and the effectiveness of proposed experimental system on the basis of the

questionnaire results.

Key Words: Remote Experimental System, Robust Control, Active Learning

1 LI

BB I — M 2 B D OMSREHT A Z Iz koT, %
X E RIS ST U TR R 2 RESE T E 5 2 W S R
WD, HHERZZOCBOZZEICE L TEZ OERERH
DHIRET, FIERFEFOHMENZ L2 WS REHH S (1, 2].

B IZA2 B2 2MOHBEIZINSDREAEMD DIz, 3
B D EFE CEAFICBES 2R T 2 & CHEAET T REZLTY
5. EBIC BRI U CHIR 2 G T A 2 e TENIL
HIH#ROE N & BMERESDE N EFD Z AT E, HIMERD
EDESIZBRLU TV EDOIERPEE D EZ6N5. BRH
NEEAVZBECEMBITONT VDA [3, 4], 10 AHHED S
N—TXDNBOH#HHZB L TTH Y, — RN iEHETIZZH#LE
L%\, BRI SRE W HIERRHSE 2 AR EL 2
Ea A NIZE YA ENEETH B,

INSDMEREMITE—DODHELE LT, 2y hT—2
ENURBERER 2 ZET28abTbh T3 [5, 6, 7).
2y NI =2 %N URERIMTA S Z L CHEOERKE 2 X
THRIEMARELRD, TR MNYRECTEMENEC S, £72
OO IFEEZRMD H BIGF AN R L L HFERIPITA 5720,
%ﬁ%@%ﬁ%@%&%iﬁﬁhf%@~@%?é:amwﬁ%
RT3,

UA L, Bk [5]~[7] DifRIERERE T, IR BROME
WATETZZLIXTET, HHSBOTr 1V A2EATET 52 L THRE
WELEITS 2 LATEARN. o MNIEOBEIZI, FE
ORI ZRZ ) I FNLVEFTILE L TEZZTRETZDD, il
HEEDBEREABOBEIZ & - TH S N B HIfHSRDORBIZZE
fEAECTUE S DT, HIHBEORSE ZHKIE L 2\ e bE R RS
DRREIZR B,

22T, bhvbhix, BAFEORBERSHMEREES 2y b
7 — 2 &5 U m IR IR Y AT LI EREL (8], mNA b
HIHOBEBBICEA LR 9. ARETI, B REERY AT
LOEMAEHET 22 2 E12, TR MNIEHOBEZITEA L - B
TZEDN SR/ T V= MERP S, B UERERY AT
LADBERMEIZDOWTIRET 5.

2 ZEEERRATLDREHE
2.1 WROERBRI AT A

IR EBREREE OB R & U EBREE X Fig.l (2R T RT-
Linux % filffige & U 7-GEEER S IR TH 5.

K7 MIERN 5 [em], BT 1.8 m] oEvER T, Hfll
27 7 VERE R BT 5 -0 OREEIRAA Y — 4 (SPK1), KX
AN B & £ 5 ISR &2 KT B 72 D O HIEE IR A ¢ —
71 (SPK2) B#HEINT WS, IN5DAY =1l TH b
PC I L7z D/A £#:8%, 0—/XA7 1 V& (LPF), /87—
77 (Pow. Amp.) 2N L THEEDES w, v THREINS.
IT5—<47 (Err. Mic.) &V 77 b YAYA 7 (Ref. Mic.) I&
K7 S DYir 5 10 [em] OMLEIZRE XN, TV T V7 (Pre.
Amp.), B—/NZA7 1)V X (LPF), A/D Z#ig%zH LT PC T
FHElE NG, b, RERKETIE, KREOEILEZIND HK
S EBHEIZEN LYY %2714 7DORDDIZAVWTVS. Table
1 IZEBREEE O M % R8T

Table 1 Experimental instruments
AURA SOUND
NSW2-326-8A (2 [in], 15 [W])
TOSHIBA TA8213K

500Hz 4th order Butterworth
NAGANO KEIKI KP15

Loudspeakers

Power amplifier

Low pass filter

Pressure sensors

A/D, D/A CONTEC ADI12-16(PCI)

converters CONTEC DA12-4(PCI)
(12 [bit], &+ 5 [V], 10 [usec])

Oscilloscope Tektronix TDS 2014B

DC pow. supply | TEXIO PA18-12B

PC Dell Dimension 1100

0S Linux kernel 2.4.22 /
Real Time Linux 3.2-pre3
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Fig.1 Block diagram of experimental apparatus
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Fig.2 Overview of remote experimental system
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Fig.3 Flowchart of auto experiment execution
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Fig.4 Web-page of remote experimental system
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Table 2 Reasons for Question 3

Reason ‘ H27 ‘ H28 ‘ Total
e-mail was enough to submit controllers 1 1(2.9%)
web-based environment was easier to submit controllers 9 6 15(42.9%)
too long to wait for downloading experimental results
experimental results were download immediately after controller submission 12 10 22(62.9%)
wav-file is not necessary
wav-file is good to feel experimental result 7 2 9(25.7%)
24-hour operating environment is not necessary 1 1( 2.9%)
it was good to do experiment any time 8 9 17(48.6%)
Table 3 Ideas of additional functionality
| H27 | H28 | Total
feedback controller design using error sensor’s output 3 3( 8.6%)
feedforward controller design using disturbance input as known signal 3 2 5(14.3%)
specifying sampling period 1 4 5(14.3%)
adaptive control 2 4 6(17.1%)
specifying sinusoidal signal as disturbance input 2 2 4(11.4%)
simple controller design such as PID controller 9 6 15(42.9%)

0% 20% 40% 60% 80% 100%

Hnecessary W necessary very much

Fig.6 Questionnaire result
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