O000000000 Plug-and-Play O 0O 0O O

Designing of Plug-and-Play System for Modular Robot

O 0000 (00) 00000 (@o)

000 (00) 0000 (Q0) 0000 (@O)

Yuta Kojima. Takahiro Sasaki. Tetsuya Taira. Kouji Yamaura. Nobuyuki Yamasaki.
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This paper describes the Plug-and-Play for Modular robot. The Plug-and-Play for Modular robot
is not only to recognaize plug-in/out mechanism. It includes buildings network for Modular robot,
having shared information and creating a situation for being able to collaborate each other. But
There are many problem for Plug-and-Play on Modular robot. So I propose that the concrete
definition of Plug-and-Play for Modular robot. And then I implement this mechanism to evaluate
it. The result show that our Plug-and-Play mechanism is effective for modular robot.

Key Words: plug-and-play, destributed modular robot

1 OO0

goooooo,cooooooobobobooooobo.ooa,
gobobgoooboboooobooooboboobo.obo,
gobobboobooooboobobooboboobobooob

gbooooobobooobooobooooobobooooobooooo

goobooooobboooboboobbbobuoooooo

gooooboob.ocobo,obobobobooooboboooboo

obobobooooboooboooooobooobobooboboooobooo

gbobooooo.bobooboboooobbob,obo

goobobbo,00ooboobooboobobooo

oooo.coboocooboooobooooooboooooooo

goooo.

goobbobooboo,0cobobooobbobboooooo
gb.jbboooobbobobobooouoboboboo
O00000ooo0ooO (Plug-and-Playd0). 00 Plug-and-
PlayOUOGO,00000000O0O00O0DOOOOOCDOO
ggobobdooobuo.oooobbbobobooboboooba
gooooooooo,0boo0boooboboooogo
gooo,0b0oooobooobobobboobobooooo
gogoboooboooooo.

00000000,0000000000000 Plug-and-
Play 000 000,0000000 Plug-and-Play 00000
00000000.000 Plugand-Play 000000000
000o000,000000.

2 JOooooon

0000000000000000000000000000
00000000000000.00000000000000
00,00000000000 3000000000 400
000.000000000000000000000000
0000000 [5.000,000000000000000
00000000000000000.0000000000
00000000000000000000000000.C0
00000000000000000000000000.
00000000000000000000000000,0

goooboobooboooooboobobo,0bob000oooobo
goooooobooboobooobboooooooooooo.

3 OO0

0000o0oo,0000000000000000 Plug-and-
PlayO0OO,0000000000000000000O000O0O
oo0o0.0000,0000000000000000 Plug-
and-Play 000O0OO0COCO. OO0 Plug-and-Play OO
gogbo,b0bobooooobobo,b00o0buooboon
O0oo0o0o0oO00ooooooooo,000000ooooo
gpoooooobobo.oboobobobobobobooooooooo
00000, Plugand-Play 00000000000 0O0OOO
Ooooooooooooo.

3.1 Plug-and-Play 0 00 00O

0000000000000 0O00000000000 Plug-
and-Play 000 0O0O.

1. Dooooooooocooooooobooooooo
2. 00b0bo0oooobocobooooooon

j.oboooooooooboboobooobooboboooo
ooo

4. J0ooOOoOoOooOoooooooon
5. booooobooooobooouooboog

3.2 OOOOoboOobooDOOd

0000000 oo0oooooooooooooooooo
O, Plug-and-Play 0 0 0000 00O .Plug-and-Play 0 0 0 O
gbooboboboboboooobuoodboooobooobo
O000,000000000000000000000000O
000.000,000000000000000 ,Plug-and-Play
oooooooooo.
ooooooooOooo,0o0ooooo0oooooooo
O00000o0o0ooOoooooOooooOooOooOoo.o
ggoobooooo,bbooboboobobobobobobon
oooooOoooooooo0oo,0ooooooooooog
o0oooooOooooOooooopooo. ogooo,0oo,o
gooboobbooboboobbobobboobobobo
o0.00000,00000000o00o0oo0oooon
oooooo0ooOoo,00boooooo0ooooooooo
gooobobbobo.obooboboobobobobobooo



O0,00000000C0C000000000.Plug-and-Play
gboooooooobooo,ooobboobobocooobooobo
gooooooobooo. oooooobbooobobooboobooobo
ooboooooboooooboooooobooooboooooa.

3.3 Uooooobooodg

gboobooobooboo,bobobbobbobooobbooo
gbooooocooboo,obobobooobooooboobog
gooooooobobooboo.ooo,oboooooboon
00 Plug-and-Play OO 00 OO0OO0OOO.000COCOO
goboooboobooooboooooooobooobooboooo
gooboobooobooobooboo. ooobooo
gobogbogoooboobooboooo,ooooobobobo,
Plug-and-Play 0 0000000000000 O0O0OOCOOO
O00000000gooo0Od.ooodPlug-and-Play 00
gbooobooboo,0ooobbooob,boboboobon.
gooobobooboooboobobooooobo,oon
0000000000 Plugand-Play0O0OOOQOQOOOOO
o.coboo,boooobobooooboobocooooboobooOoo
goboooobobooobo.oooobobooboboobobboo,boo
goobooboobbobooooobobboob,boo
oooooooooooboooooa.

3.4 00O

000000000000 Plug-and-Play0O0O0000O00OO
goboobooobob,oobobobobooooboon.
O0,0000000000000 Plug-and-PlayOOQoQO
goboooooooooobooooo,ooboboocooboo
gboooooobooboobo.bobo,boobbobo
gogbooooooobboobooboooooooboon.

4 00O

000 Responsive Processor(2] 0 0000 . Responsive Pro-
cessord , 4A00000000.00000000D000000
goobobo.oobooobooob,boobooooooon
O000000000000000D00 Link-State0 00000
gboo.oogoboobbobbooboobooboboobo
oo0o0,00o00000000o0O0ooOooo00n.

4.1 00O -0g0gogoooboooon

goob,jgboobobooobbobobobboooon.

ooooooooo,00000 (boooo)oooooo
000000.00,00000 (DO0)H)IDO,0000000
gooooooa.

000000 (Responsive Lenk(1) 00000000000
000 Responsive Processor[2/0 00000 ADOODOO
gboboooooooooboobooboooocoo.goo,od
gooooo 33vobooopooo.coboooon 1o0000
g 3000000, 0o0oocoooooocoooo,oooo
ggoboooboobobob.oobbobobobbuooo.ooo
ggoooobobooboob,bobbboooo,ubo
gooo,bocbocooooboobooooboboooboboooooon
ggooooboobboobobbobuooobobobooboo.
000oo0Do00oooOo0DoO0 AbOoOOoOoooooooood
oobtooooobooo,ooooboboboooobooobooon
gogbooooobooobooobo.

4.2 0000000000

goooooooooo,0boboboobocobooooooon,o
goooooooboooboobooooooo.

go,000000000000 IDODODOODOOOOO
oooooooo.00,00000000 IDOOOOOOO
ooo ibooooo.

gooooo,obooboobob Ipoboogob.oboo Ib
ooooo0oOd MASTEROOO,000000 SLAVEOO
0.00000000000D04000000000 MASTER
O SLAVEOOOO.00000000 Iboooooooo
OO0DOD0OO0O0OODO Link-State0 OO0O0O QO .Link-State 0 0O
OOO0MASTER OOOOOOODO SLAVEOOOODOOO
OO0 Link-State 0000000 IDOOO.O000OOCDOOO
0000 (SLAVE D) O ,Link-State D00 0O0O0.00000
O,SLAVEO OO0 OOO0O0OOO Link-Stated MASTERO
OO00O0.00000000000 MASTERO,O00 Link-
State0 00 O000.0000000QCO0ODOOOOOOOCOCO
000 Link-State 000 00.00000 figurelOODO.

& E

nodelD E nodelDr
MATER SLAVE
m\m\’
-r1e
Change Link-State

Change Link-State l=F1

nodlD 0 nodelD - 1

Figure 1: 0O 0O0O0O0OO

4.3 0OO4OO0O0OO

gooboooocoo,boooooboooooobooobobooon
gbooooooooooooboooobooo.

oooooobooooooooooo Ibooooooooo
goooooo.oobooooobooooo,0bobooooboon
goooo.

1. 00000000000 Ipoooooooo

000,000000o0 (Loooo)ooooopooo
ooooO0ooo0O IboboooooooOooOoooDboo.
oo, 00obcoooooooooobooobobooo
ooooooboooooboooboon.

MASTER,SLAVEO OO OODOOOOOO (DODOOO)
000000000000 Link-State 0 00 flooding O
oooo.0boo,0b0ooboooooooooobooooo
OO0 Link-StateJ OOOCOOOO0OO.

2. 00000000000 IDODOOOCOODOO

000,000000o0 (Loooo)ooooopooo
ooooooO0O0 IbOoOooOooboOoO0oOooooooon
o.0ob0,bo000ooooboooboobobooooooo
gooooooboocooboooooon.

MASTER,SLAVE O OO OOOOOOOO (D000
0)000000000000 Link-State0 000 Q00O
0000 floodingDOOOO.000000O0ODOCODO
goo,00b000o0ooooocooboooooDoon
ooocooooooo IbooobooboOoOooooooo
o.0oboo,0coooobooboooobooooooo
O Link-State 0000000 O00O00OOOOOOOO.



3. 00000000000 IbDOoOboOooOo

oo, 0o0oooobooobooobcobobooooooo
ooooooooo.

oooooooo0oooooOooOoOOooMAS-
TER,SLAVEOOO,0000000 flooding 00O
0O0.0000 ,Link-State O flooding 0 O 0.

000 flooding0 00000 Figure2O0ODOODOODO.

YES

Figure 2: flooding O O

0000000000ooooo (D0D0oo)0 ,Link-State
00000000000 0O00O0O0.0000 SPE(Shortest
Pass Fast) 0 0 000.0000000000O00OOO, OO
goooooooooooao.

oooooooooooooboobo,0o0o0b000,0000
cooboooboooobooO0o.ocooooooooboooboooooao
gooooooooooo.

4.4 0O00O0OO0O0OOOOO

oooo,booooooboboooooboboooooooboOoo
O.00000000000, Link-State0 000000000
ooooooboo.ooooobooooboobooooooboog.
ooooooooooooooo.ooooboo,b0000000
Link-State 0000 000 000,000000000000O
goooooooo,0oobo0ooooboooooboOooo
ooboboooooooooooooooooooon.

5 Hogo

5.1 0000

OD000000000000000 Responsie Link[1] 0000
0.0000000000000000 Responsive Processor(2]
00000.0oS00 RT-Frontier[7)000O0D0O.000000O
00000000000000,Processor,OSOO00O0O00OO
gboooooooooboooooooboboobooooboooo
og.

5.2 0OOO0OOODO

Figure30 0 00O 0O [6]0 Responsive Processor 0 0 0.0 0O

gooboo.ooooooooco.oooboobooboooboo.oo

oooooooooooooobo 3oog.
gooooooooooba.

5.3 0OOO0OO0OO

Figure3 0 000 O O .Responsive Processor 0 00O .
oooooooooooo.

Table 1: 0 O0O00DO0O00OO

nodelD number

ooo O 70cm
[m] 50cm
od 30cm

opoood O 70cm
m] 70cm
od 30cm

Table 2: OO000000OO

nodelD number

goo O 50cm
m] 80cm
oo 30cm

good O 95cm
m] 95cm
oo 30cm

6 OO

6.1 0OOOUO

goooooooooboobooooo,booboobobobooon
gd0o0o0oo0obo0ooooon0n FigwedOOOOOOOO.O
O, Figured0O0O0O000O0O0O0O0 300000000000
goa.

goo,b0o0o0booboboooocooboooobooooDno
Plug-and-Play 0000000000 OOOCDOOOOOOO
gooo.

6.2 00O0OO

e JOOOODOOOODODODODO

e JOOOOODOOODOOOODOOODOCODODO
e JO0O0OOODDOOOODOOOOOOOO

e JOOOOODODODOOOLODOODOOOOOO

e 000U OOOOOOOUOOOUDLOOOODOOOODO
oooooo

e IO000O0OOODOOOOOOODLODOOOODOODO
gooooo

e JO0,00000000O0O0C00O0O0OOOOOODOO
go0o0ooooooooooooboboboooooooo
oooo

e JO0O0OOODDOOODOOOOODODODOO

Figure 3: 0O00O0ODO0OOOOOODO



Figure 4: OOO0OO0ODODOODOOOO

6.3 0U0OOO

oo,00000b000b0bo0oooooOob00,00b0b00000
gooooooooooooboooobooobooo,bo
go.ooboooobooooboooboobobooboDboo
oooooo.

oo0o0oOooOoooooooOooooooobo.oogoo
00000000 Responsive Processord ADOOOOOO
0ooogooodo,0ooooooooogooooooo.
ooooOOoOoOooOOooO0O0O0oooooOoooooooogo
ooo.

bboooboooooooooboooboob,00oo0oboOooo
oobooooooooooooboooOobo.0OobDOODOO ID
O00o00oooooOooOoOooooO.0o MASTEROOO
O SLAVEOOOO.0000,00000000000000
ooooooo.oooooobooboooOo,0b0b0bobOobooo
goooooo,ooboocooobooocooo,ooboooo
gobooooooooobooobooooooo.ooo,oooon
ooooooooooooobooooboobooobooooooo
gooa.

ooo,0000000000O0O0000O0O00C0OC0O0.00,
oobooboooooOoboooboboOooboboboon Figured O
ooooooo,0oboobobooboooooboobobo.obooogo
ooooobo.eoemOO000O0O0O0OO0O,000000OD0O
g.0oooooooooooooooobooooboooo.oo
goooooooooo,bobobooobooboboc0oooooboobooboo
goooo0o.ocoooooo,0000000000000 9
ooooo.0ooooooooOobcbOoooboooooboooo
ooboboooooooooooo.oobo,0bobobobooooo
goooooooooo,b0o000000000000D000
oooooooooboooooo.

cooooobooooooooooboobooo,oo0oob000
Ooo0oo0O0O0O000OO0DODO0000000 Plug-and-Play 00O
00000,00000000000000.

7 0Ogd

O000000000DO00 Plug-and-Play0 OO OO0 OO0
go,0o0o00oooobooo,ooo00bo0oboob,bcooboo
goooooooooo,0oo0oboooooooboboobooo,o
ooooo,0toobooo0oooooooboob.obob o
goooooooobooobooooooboboOoooobo.oboobo
goboooooooooobo,ooboooooobobo0ooooo
00D00000000000,0000 Plug-and-Play OO O
goooooooo.oo,bbooooooobooobooooon
gooooooooooboOobooOooooobooo.booboo,o
goboooobooooooobooooboooooobooooooooDo
gbooboooobooooobooooboooooboooooocoooboo
gooooooooooboooboooooooooog.

00O

gooboooboooobooobooboooboobbOOobbOOoboo
(NEDO),0000000ooooooooooooooooo.
gb,0b0b0ocoooobo,b0oobboobo oooooon
gooooooboooboobo.oobobooooooooo.

References

1] D00D0.0000000000000 Responsive Link O
O00000oo. ooooooooo, Vol. 45, No. SIGS3,
pp. 50-63, 2004.

2 000O0. 00000000000 O0O00O0000000
000. 000000000, Vol. 19, No. 3, pp. 6877,
2001.

[3] Wei-Min Shen and Will P. Docking in Self-
Reconfigurable Robots. In IEEE/RSJ International
Conference on Intelligent Robotsand Systems, pp. 1-2,
2001.

[4] Kurokawa H, Kamimura A, Yoshida E, Tomita K, Kokaji
S, and Murata S. M-TRAN II:metamorphosis from a
four-legged walker to a caterpillar. In IEEE/RSJ Intl.
Conference on Intelligent Robots and Systems, pp. 2454~
2459, 2003.

[5] Tetsuya Taira, Nobuhide Kamata, and Nobuyuki Ya-
masaki. Design and Implementation of Reconfigurable
Mudular Humanid Robot Architecture. In IEEE Inter-
national Conference on Intelligent Robots and Systems,
pp. 1071-1076, 2005.

[ 0000,0000,000,0000.00000000
0000000000000000000D0000000
00.02300000000000000, pp. 1-4, 2005.

[7] Hidenori Kobayashi and Nobuyuki Yamasaki. A Real-
Time Operating System for Practical Imprecise Compu-
tation. In 10th IEEE Real-Time and Embedded Techinol-
ogy and Applications Symposium, pp. 255-264, 2004.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


