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Application of cerebellar model articulation controller network to

learning optimization control in conveyor-serviced production station
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Abstract: This paper is concerned with the optimization of the look-ahead distance for a conveyor-serviced production
station(CSPS) to improve the efficiency of operations. The optimal control process for CSPS is modeled by a semi-
Markov decision process(SMDP). Since the standard Q-learning is difficult to deal with the continuous variable optimal
look-ahead control problem of CSPS directly, Cerebellar Model Articulation Controller(CMAC) for Q-values function
approximation is combined with the online learning technology, and some online Q-learning and model-free online policy
iteration algorithms are provided. Simulation results show that the proposed algorithms improve the learning speed and the
precision of optimization.

Key words: conveyor-serviced production station; cerebellar model articulation controller; Q-learning; online policy

iteration

1 5|% (Introduction)

RS S A= 0 LAl A — 28 i Tk
AP0 AR AR 2, 94 S a3 Y R R L
ar NBEMC £, Horh — ] AR Oh AR 3% 7l 45 kL A 7
Jn_L¥k(conveyor-serviced production station, CSPS) &
gell~0 W TR, Z ARG B bR a6k
R HT M (look-ahead) FF &, AP AN L3k ) TAF T
B AN T, $2m R TAERCE.

CSPS i) i i H Ford £ 7 £ i) i LA SKIE/OR 4 f5k
(1) A% 28 1n) 8L, 76 R GE B | ) 5 4% Oy Th O A7
TEVEZ W0~ JErh, HE A 2E 12 | MarkovEl,
-Markov i 3 I #2 B8 JE 7 HTCSPS &R 48 1 1 2%
F BT k(418 3L T CSPSHI A # l 1n) 8

WA H 391: 2010—07—-20; W& ik H91: 2011—-01-18.

-Markov i 5 it FE RS BE A, 45 T — LUk REAE
BRI TH R 5 F2, (EZ 7 VA T K5 1 Hh R S 1Y
ZH0. SCHR[6]EE AL T Rl sCSPS &R 4t 3t 114 fig
PR 7E 25 M 3% 48 (online policy iteration, OPI)yk. X
HRIOTIH 18 T HL IR 25 %% 3R 48 1 #E N\ 5 Htlook-ahead 5
W&, VTR, 23 CSPS R 4L 9T 8 0 Bl ok #4T,
YGRS g g 78100,

X 5k 15 CSPS % Silook-ahead i 25 Hy 1% 42 4%
A0 A T ) R, SCHRI61R FH i 5 2 B A 7V,
18 R T AP EQIA 7« PR RE A, 7 7E B ks &
A7 I 3 DL ) A A i 25 18] ¥ FE K I in) i, HL 5%
RYMANERE. Z 18 /N i A5 285G 75 428 11l #45 (cerebellar
model articulation controller, CMAC) 1 5 X 2% i) % A\

S0 H - KRR AL BRI I H (60873003, 61174186); £ F 8 B 2 [ [\ b1 RHIT A 34k <6 % Dot B (241 7] B 2008890); B4 9%
AR B IITH (090412046); 2 BmA AR 2 HARRFEE FUE S B B I H (KT2008A058, KJ2011A230); H H s BHE A 1 )

I H (2011FA10440).



1666 wOm g

YoM A o528 4

WU ESAE, HRATZ A RE 7 5 B SIGH TR e
FEG I 27 ) S5 A . TTOPIHR IO AE 227 > H R fig
7853 M REAS Bt A5 6, A7 R0i2b 2 5 S QA7
BRI SR BEAT I BEMLAT B I £, W AR IE R S L
BoPRR A fisdr. B, ASCHE SCik[e] AR
JLifi b, KECMACIH %% 5422 I BRI S &, 38
HICMACK 2 52 BUAT 3 32 52 1) QAL bR 30 K PE fE 34 v
Kty 2 23 30, #3300 BUREAS Bl 2 > (1 A
2eQ ) M AN SROPIEE L, 7 Ak B 18 S fift X 4 A A5
S B WA A BiQ7F > To ik HL#% A BACSPS &

TR EFIPLANG B, LA RE PR I 3 IR 75 SR AR 4k 5 ]k
[FJCSPS & G A= P 1 H.
2 BA BRI (Mathematical model)

U & 1HT 7%, CSPS & ilook-ahead A4 25 i 1) 5
n] Ay - Markov R 5 L B2 2 i 2E X 4y Bl
RYURE, WEEML NS = {0,1,2,--- ,NL,NJ
SEppER KA E. idv = (v(0),v(1),- -+ ,0(N))A
P 1 SR, v (i) s R G AR AR [look-ahead i
B, Hrho0) = 0, v(N) = ool xFF AR A
v(i) € D = [Lmin, Lmax), DAATEN A, Ly,
Lo 7390 R /N B KHTARER 25, — M2 Lo = 0.

G IE
BT ARk g AR I sk

Fig. 1 Conveyor-serviced production station
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Fig. 2 The time-line of workpiece unloading
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Fig. 3 The time-line of workpiece processing
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Fig. 4 The structure of CMAC network
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Fig. 5 The time-line of OPI-Qg
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Fig. 6 The average cost optimization plot of Q-learning
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Fig. 7 The average cost optimization plot of Q-learning
based on CMAC
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Fig. 8 The average cost optimization plots of OPI-Q and OPI

2.90 T T T T T T T

2.85F b
2.80 b
2.75 -
= 270 .
2.65 7
2.60 - b
2.55F b

2[0 2[5 30 35 40
k

9 OPI-QgHHEII A At ih 2k
Fig. 9 The average cost optimization plot of OPI-Qg

2.50 L L L
0 5 10 15

5 4258 (Conclusions)
BE X CSPS R Ge 45 AT 3l A 1 838 i J A U
XA 2] R EOR, AU CMACHHT 48 M 45 L5 il



1670 BoHE R 5 N M F28 4
2SS, 51 NOPLFE 43 ) A A B BLAR, 296.

fift HCSPS % 4 [f110ok-ahead s A 44 1 o] . 1 i iz
FHCMAC W 2% K 1 HLAT 3 4247 2041 QA1 pR 2k,
PEREFAPREL, 7800 RIECMACI 4% Jaiilia s vz b e
I 2 ST PRAERE T, 45 T AEZCMAC-QA4 Y]
N AT 2% BIOPI-Q, OPI-QgfitAb Sk, 1) 45 L 36
B, SCrh TP L B R AR O, 2 S
P AR AL RS B v, 4 T-CSPS 2 %5 119 B T R AR AL 45 761
T AT N T SRAZA T JEAT PR R A = 1) 3 L Ay
B S, 2k A CSPS RS BE T A AL il L 3k
TANEEA K 1) 2 S PR AR SR e — D Y

L

2 %2 ik (References):

[1] MORRIS W T. Analysis for Material Handling Management[M].
Richard D: Irwin inc., 1962.

[2] MATSUI M. A study on optimal operating polices in conveyor-
serviced production system[D]. Japan: Tokyo Institute of Technology,
1981.

[3] NAWIIN W M. Stochastic conveyor systems[D]. Netherlands:
Twente University of Technology, 1983.

[4] MATSUI M. A generalized model of conveyor-serviced production
station (CSPS)[J]. Journal of Japan Industrial Management Associa-
tion, 1993, 44(1): 25 - 32.

[S] MATSUI M. CSPS model: look-ahead controls and physics[J]. In-
ternational Journal of Production Research, 2005, 43(10): 2001 —
2025.

[6] TANG H, ARAI TAMIO. Look-ahead control of conveyor-serviced
production station by using potential-based online policy iteration[J].
International Journal of Control, 2009, 82(10): 1917 — 1928.

[7] MATSUI M. Manufacturing and Service Enterprise with Risk: A
Stochastic Management Approach[M]. New York: Springer, 2009.

[8] ABE K, YAMADA T, MATSUI M. A design problem of assembly
line systems using genetic algorithm under the BTO environment[J].
IEEJ Transactions on Electronics, Information and Systems, 2004,
124(10): 2006 —2013.

[91 NAWIIN W M. The optimal look-ahead policy for admission to a sin-
gle server system[J]. Operations Research, 1985, 33(3): 626 — 643.

[10] JEZ, Joigu, SV, 45, HE T 2 Agentsii AL 2% > [ £ 4l sCSPS
A GEH Up fFlook-aheadf% H[J]. H sk 22 4], 2010, 36(2): 289 —

(TANG Hao, WAN Haifeng, HAN Jianghong, et al. Coordinated
look-ahead control of multiple CSPS system by multi-agent rein-
forcement learning[J]. Acta Automatica Sinica, 2010, 36(2): 289 —
296.)

[11] CAO XR. Stochastic Learning and Optimization: a Sensitivity-Based
View[M]. New York: Springer, 2007.

[12] ALBUS J S. A new approach to manipulator control: the cerebellar
model articulation controller (CMAC)[J]. Journal of Dynamic Sys-
tems, Measurement, and Control Transactions of ASME, 1975, 1(9):
220 -227.

[13] MILLER W T, GLANZ F H, KRAFT L G. Application of a general
learning algorithm to the control robot manipulators[J]. International
Joint Robotic Research, 1987, 6(2): 84 —98.

(4] RS, TR, FESCH, 5. M08 RGN 4N BL b BAG AN %
I ERQ ST HVET]. FEHI G 5 R, 2009, 26(8): 884 — 888.
(TANG hao, DING Lijie, CHENG Wenjuan, et al. The cerebellar-
model-articulation-controller Q-learning for the task assignment of a
handling system[J]. Control Theory & Applications, 2009, 26(8): 884
- 888.)

[15] ARKHAF, FLBL 5T P4 2% > I CMACH 28 ) 265l 2 P i B 7 4
P, LR 5 R, 2008, 25(1): 81 - 86.

(ZHU Dagqi, KONG Min. Fault-tolerant control of nonlinear system
based on balanced learning CMAC neural network[J]. Control Theory
& Applications, 2008, 25(1): 81 — 86.)

[16] v, TR . BERICMAC B 3G 2B 58 A i B 5 o 0
. #1318 5 %, 2006, 23(1): 38 - 42.

(SUN Wei, WANG Yaonan. Fuzzy cerebellar model articulation con-
troller and its application on robotic tracking control[J]. Control The-
ory & Applications, 2006, 23(1): 38 —42.)

Y A~

A& (1981—), 5B, WA, PRI, FEEERFTTT ) B
FOEE RS E 2] LM%, E-mail: zhouleizhl @ 163.com;

LR (1983—), Z, LA FTAE, WF5T 5 10 A CSPSINAE AR
1k 777%, E-mail: kongfeng11@163.com;

B R 1972, B, #a%, P EVENE S mge By, B
TUJT 0 F B AR B R G A2 S R £ 0 B A BRI A5 A

FUARAL B PSR LA AR B A0 B8 R 7 10: %%, E-mail: htang@

>

hfut.edu.cn;
KEE  (1963—), T, Bl W7 Wi 1 TS
FCHIE AR, H3E A5 B 65, E-mail: zjj@ialab.hfut.edu.cn.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


