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ABSTRACT

Recently, research using machine learning have shown remarkable results in various
domains, leading to the fact that leaning-based dispatchers have intrigued interest in both
academia and industry. To improve the performance of the dispatcher, each dispatch decision
needs to be evaluated in detail. However, existing studies on visualization techniques for
manufacturing lines have mainly focused on illustrating the performance indicators or
abnormal patterns. In this paper, we propose a monitoring system that displays a variety
of information about the manufacturing line along with alternatives at the time of each
dispatching decision being made. Furthermore, the proposed system effectively represents
the cause of the idle time of resources and the change of the performance index over time.
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(Figure 1) Overall Environment of the Proposed System
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(Figure 3) Resource View of the Monitoring System

251_leamer_.. 3.262613.xt

Time Lines  Comparison Page 251 _leamer._large_833.262613.0x.

Resource

DA_RESO1

DA_RESO02

DA_RES03

DA_RESO04

WB_RESO1

WB_RES02

WB_RES03

WB_RES04

WB_RES0S

WB_RES06

Ws_RESO7

WB_RES08

WB_RES09

WB_RES10

WB_REST

WB_RES12

®) 1 :
) P rm— e
(s D) B
T ‘Ending Time: Day 1 08:00 Flow Id: FLOWO2 Working DA: 2/ 4
Decision Time: Day 1 05:55 Operation Seq.: ['DA1’, 'WB1', 'DAZ', 'WB2', 'MD'] Working WB: 12/ 12
" Operation: DA2 Resource: DA_RESO03 #of lots that left the casstte stocker: 42 / 107
1 e Revomen T DA 3 e ]
i
F
— ~ — —
DA_RES03-L0096D! DA2 2ZMCP_( RES10
DA_RES03-L0003D! DAL 3MCP_( CST_STOCK K
: :

(Figure 4) Decision Window of the Resource View

- =

ofl et

2 m

wet  rlo



Azl e OagAS A9 OadA AAE B AZEA 28 T

Ao g shke] F(F)w= T2 4] oAt
Aol Helg RES e o fiet
et 2z kel tiefM, 2E #d
Z dieke] 2E di7| ARkt Adu] ]
SHellA e Hes #eld 5 dth
ol B 2AIF A2 Huh et al[3]9]
Tl AEEo] itk o] Fell Yehu= 2E
AR Aabad ARl REZE A8t
Fa, REO A T4, 2EO 34 @
7 S HIIE A6 58 EEth
FATSolA A EH AL 7]E2] A 43stE
Tl ol ArIE EAsHA 7] W
of st571Rk iz o] Ao AAsHA 3
I

oo oX
S

Mo o dob o ot M

=/ R n)
m (i

O

7¥et7] A okt ARk AQIA| 2 9] o]
Ve ol gsh A AlEE A 7}

TR UigtE B7 4ol The s AEA,

ATFAE o] ARE o] alA t]xuH 9
Aee FINE 5 A drh
g 5o, Al=Re] AR 54 A1A o] %

=
o Adu|7ksEo] Fashs Ae gQldval 7t

QoA olu), s A4 A% YA o
49 Brtehd AVEE ahere) 1918 sho}

& QU " AR, SN Tl

A7 Alzele] EAsHE e 4 7R
7= digtEe v H4E Fo3ta A,
Anlo]| o<l AAS Eahe thetEe] A
YA =2 A4E Folshs 53 o] thekst
Qolo] A et 4= Q). AQkA]~E S BHg5ld
ol# 3t A5 st e WEe] upotE 4=
AaL, el ZAE o] 85t s ke] T
o Hss MAE 4 A Fk

3.2 Statistics View

Statistics view= <Figure 5>} 7o] U] 7}
A o] s A7 ARl et ol Wake
A HojFErh 9% 919 1Y Z(A)e Azl
o] 7t GAI] AJFL] S VERHTE AT
2 Az FYE AFE ZESY e &

2% 919 1Bl AAATh

aaaaaaaaaaa

(Figure b) Statistics View of the Monitoring System



8 FAAANTA #2558 A1z

FAS ol 4% 419 e

(O
ok =, ARkl o2 i%%-‘ﬂ %hﬂ 01 oﬂ
EAEh mA o R 0 2% o] =

& WIE A4t gzl gAE
<z @Al dsl RES 24 $¢1 AdH] 9]
= A2

3.3 Key Performance Index(KPI) View

<Figure 6>°A4 & 4= 1%0] KPI viewe

BE HzafjA] oapAAge] ehad o A=y
= ARARES QoFsto] HoErh AlZEERA|
2"o] T2 views = 2, o] oA =
2 4] JALAA Tl o] A HL ATkl wHE
5o Wt obd A A RE 9
o Stk

Ibed 454|251 leamer_ 3262613 1xt

TimeLines  Comparison Page = 251_leamer_large_833.262613.1xt

Resource View Statistics View KPI WIP Charts

KPI

Average WIP level: 7.90 (unit)
Makespan: 3494.8 (min)

Total flow time:1638.75 (hour)
Total waiting time: 841.14 (min)
DA resource utilization: 0.253 (%)
'WB resource utilization: 0.961 (%)
‘Waiting time / Flow time: 0.391

(Figure 6) KPI view of the Monitoring
System

O

A
o e

‘Average WIP level' & A 3o HFo] gl
Fo

guitt 7|1 S5 AT 7o HToz A
t} ‘Total flow time' 2 & ZEQ &5 A
o] HAIE o|m] 3, “Total waiting time' <

fd

= REJF Azl d7138E ARk &
Uebdth Au7bsE2 7 dAlo disl i
Ao g Ardt <Figure 6> 543t= DA
(Die Attach)2} WB(Wire Bonding)< Huh et
al[3]¢] Aol st AT Az
T/3sks @At 7z 9A|o AHTHEES
5ol 7heE AIREY] Fee A oAt

ol T = F APORE Ym oz 8

gl
-

o
=
=]
=

3.4 WIP Charts

Statistics viewoll X HolFE= A3 W3}
& Ho}h ZAleA vehd 7] 918 <Figure 7>
Lo WIP charts7} -3 %t} WIP chartsel]

A== T ze] o AlzEele TgsheE
4 52] G72] 7 wijo|tt, FAA o R 7 AEo
&k AF-e] Yol Alztel wet o g A Wsh=
A Yepl7] flal 2+ o] e e 8
& F Y dR uFH, 7 doll= gz Ee]

1=Ll mLo

>

3.5 Comparison Page

Comparison page= AH&A7F o2 71¢] €
2E 39S B8L o #8435 E 750
AHgAE o] 7152 BahA T shelA o
ol YzaA) oA ARES vag &



Azegle] &7 U AE 913 asiA AEg Hoh AzE s 9

Tg 41 |251_leamer_ 3262613140

Tme Lnes | conpars
.
.
g,
g e 5
g A
I o
.
oo 0400 0500 1200 1600 2000 0000 000 0500 1200 1600 2000 0000 0400 000 0400 a0 1200 10 2000 [o0m 0400 00 1200 1600 2000 0000 0400
Thu 1 danuary o2 danaey sat3 sanuay o 1 sanary o2 sanay sat3 anuay
= oara B
= o
2 2
2
° 5
& !
5000 ot00 o500 120 500 000 w000 ox00 E o400 0500 200 1500 2000 w000 ot 4
T anuary o T anuary o

(Figure 7> WIP Charts of Monitoring System

Ty 44e ] 260_leamer_ 1545215
Time

es  Comparison Page

. 251_leamer_large_833 262613.txt
;;/‘erage WIP level: 7.90 (unft)
Makespan: 3494.8 (min)
Total flow time:1638.75 (hour)
Total waiting time: 641.14 (min)
DA resource utiization: 0.253 (%)
WB resource utilzation: 0.961 (%)
Waiting time / Flow time: 0.391

1
T Fi2 sats
January 1970
ance_ot

4 — e
— auce ot N
g — auce ot g
H — som.0t z

(Figure 8) Comparison

255_leamer_large_634.576048 txt
Average WIP levet: 1,52 (it
Makespan: 3642.9 (min)
Total flow time:1396.07 (hour)
Total waiting time: 324.66 (min)
DA resource utiization: 0.262 (%)
W resource utiization: 0.974 (%)
Waiting time / Flow time: 0.233

i,

WIP Level

Thu 1
January 1970
2MCP_01

— 2meP_2

amce_o1

“ amce_ot
sDP_01

sat3

per day

260_teamer_large_691 545215 ixt
Average WP level 4.16 (unit)

Makespan: 3895.6 (min)

Total flow time:1842.53 (hour)

Total waiting time: 688.07 (min)

DA resource utiization: 0.263 (%)

W resource utiization: 0.973 (%)

Waiting time / Flow time: 0.373

— oA
—

Thu 1 Fi2 saia
January 1970

. 20CP_01
2MeP_02
amce_o1
ance_o1
sDP_01

Page of the Monitoring System

4. A



10 =z A S A] A25A A1

fol

d Lo =
>~
>
i
o
1o
ox
olf
tio
N
EY
ol
ol
=
M
1%
]
¥
%0

o o
=
rr
>
)
tot
>
[>
o
B=)

=2 o

-
oft
ol
:2
>
)
ot
>
[>
o

N

=

.

[

=

o > o
AN
)
|o

2
N

. m[O

2
)
o
fftl

-3
=
&l
re
-4
o
)
ot
-
o
-4

=,

-0,

ofy

ol

T

N

X

)

1, o
Ju:

o2

%

o

s

Ir J
O ® @ o fu

¥ >
& i)
) )
1o 1o
= >
N i)
oxl o

L >
5=} N
g g 2
b R
i, i)
o o 2
OLF 2
Y 5o
PER S
e o L e

=
>

References

[1] Chang, T., “A literature review on in-
formation visualization of manufactur-
ing industry sector,” The Journal of Society
for e-Business Studies, Vol. 21, No. 1, pp.
91-104, 2016.

[2] Herr, D., Beck, F., and Ertl, T., “Visual
analytics for decomposing temporal event
series of production lines,” In 2018 22nd
International Conference Information
Visualisation (IV) pp. 251-259, 2018.

[3] Huh, J., Park I, Lim S., Paeng B., Park

J.,, and Kim K., “Learning to Dispatch
Operations with Intentional Delay for
Re-Entrant Multiple-Chip Product Assem-
bly Lines,” Sustainability, Vol. 10, No. 11,
pp. 4123-4143, 2018.

[4] Huh, J. and Park, J., “Artificial neural net-
work based multi-objective rule selection
dispatcher for re-entrant multiple—chip
product assembly lines,” The Journal of
Korean Institute of Information Technol-
ogy, Vol. 17, No. 2, pp. 1-11, 2019.

[5] Jo, J., Huh, J., Park, J., Kim, B., and Seo,
J., “LiveGantt: Interactively visualizing a
large manufacturing schedule,” IEEE Trans-
actions on Visualization and Computer
Graphics, Vol. 20, No. 12, pp. 2329-2338,
2014.

[6] Kanet, J. J. and Sridharan, V., “Scheduling
with inserted idle time: Problem taxon-
omy and literature review,” Operations
Research, Vol. 48 No. 1, pp. 99-110, 2000.

[7] Lee, S., Pena-Mora, F., and Park, M,
“Dynamic planning and control method-
ology for strategic and operational con-
struction project management,” Auto-
mation in Construction, Vol. 15, No. 1, pp.
84-97, 2006.

[8] Ma, Y., Qiao, F., Zhao, F., and Sutherland,
J., “Dynamic scheduling of a semicon-
ductor production line based on a compo-
site rule set,” Applied Sciences, Vol. 7,
No. 10, p. 1052, 2017.

[9] Mnih, V., Kavukcuoglu, K., Silver, D.,
Rusu, A. A, Veness, J., Bellemare, M. G,



Azl Bgr i AE 99 2o A Hoh Az e 1

Graves, A., Riedmiller, M., Fidjeland, A.
K, Ostrovski, G., and Petersen, S., “Human-
level control through deep reinforcement
learning,” Nature, Vol. 518, No. 7540, p.
529, 2015.

[10] Pritsker, A. A. B. and Snyder, K., “Produc-

tion Scheduling Using FACTOR,” In The
Planning and Scheduling of Production
Systems,” Springer, Boston, pp. 337-358,
1997.

[11] Silver, D., Huang, A., Maddison, C. J.,

Guez, A., Sifre, L., Van Den Driessche,
G., Schrittwieser, ]., Antonoglou, I,
Panneershelvam, V., Lanctot, M., and
Dieleman, S., “Mastering the game of go
with deep neural networks and tree
search,” Nature, Vol. 529, No. 7587, p.4&4,
2016.

[12] Sun, D., Huang, R., Chen, Y., Wang, Y.,

Zeng, J., Yuan, M., Pong, T. C., and Qu,
H., “PlanningVis: A visual analytics ap-
proach to production planning in smart
factories,” IEEE Transactions on Visuali-
zation and Computer Graphics, Vol. 26,
No. 1, pp. 579-589, 2019.

[13] Xu, P., Mei, H,, Ren, L., and Chen, W.,

“ViDX: Visual diagnostics of assembly
line performance in smart factories,” IEEE
Transactions on Visualization and Com-
puter Graphics, Vol. 23, No. 1, pp. 291-300,
2017.

[14] Zhao, Y., Wang, L., Li, S., Zhou, F., Lin,

X, Lu, Q. and Ren, L., “A visual analysis
approach for understanding durability test
data of automotive products,” ACM Trans-
actions on Intelligent Systems and Tech-
nology (TIST), Vol. 10, No. 6, pp. 1-23,
2019.

[15] Zhou, F., Lin, X,, Liu, C., Zhao, Y., Xu,

P, Ren, L, Xue, T, and Ren, L, “A Survey
of Visualization for Smart Manufactur-
ing,” Journal of Visualization, Vol. 22, No.
2, pp. 419-435, 2018.

[16] Zhou, F., Lin, X, Luo, X., Zhao, Y., Chen,

Y., Chen, N., and Gui, W., “Visually en-
hanced situation awareness for complex
manufacturing facility monitoring in
smart factories,” Journal of Visual Lang-
uages & Computing, Vol. 44, pp. 58-69,
2018.



12 1A YA A1254 A%

< A 2 & A

& 7)) A (E-mail: jshuh@kpu.ac.kr)

20134 ALt A 2sla) (A}

201913 AEgtal 2hg 38t (BRA

20199 ~ & A A7) ethetn A A8 2as

T E ok A /M2, AskstsE, veFe s

Eleeaa] (E-mail: jonghun@snu.ac.kr)

20004 Georgia Institute of Technology 23387 (A}
20013 Pennsylvania State University Zx4~

20034 st a e Z2ug

200434 ~ & A AEdetal A eta wg

£ o WYY ABA%, A B

pul




<<
  /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


