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A Unified Framework for Interpreting Handwritten Strokes
using Grammars

Buntarou Shizuki Jiro Tanaka Kazuhisa lizuka

Institute of Information Sciences and Electronics, University of Tsukuba
1-1-1 Tennodai, Tsukuba, Ibaraki, 305-8573 JAPAN

To support rapid development of pen-based structured diagram editors, we pro-
pose a unified framework to describing such editors. The framework uses gram-
mars to describe the context, i.e. the positional relationship between handwritten
strokes and other objects, that can be used to interpret ambiguous results of pat-
tern matching, as well as to describe the syntax of the target diagrams. We have
implemented the framework by extending Eviss, our visual system which sup-

ports rapid prototyping of structured diagram editors.
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P = P, - P,
where C with Attr and Action
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# Rule 1

Node::=C:Circle,T:Text where (
close(C.mid, T.mid)

) {

cp = C.mid;

r = C.radius;
H}
# Rule 2

Node::=N1:Node,N2:Node,N3:Node,
L1:Line,L2:Line where(
inCircle (L1.start,N1.cp,N1.r) &&
inCircle (L1.end,N2.cp,N2.r) &&
inCircle (L2.start ,N3.cp,N3.r) &&
inCircle (L2.end,N2.cp,N2.r)

) {

cp = N2.cp;

r =N2.ur;
3
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_CreateCircle::=G:Gesture where(
findGesture(G,” circle ”,0.5)

) {4
createCircle (G.bound);
delete(G);

}
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_CreateEdge::=G:Gesture,

N1:Node,N2:Node where(
findGesture(G,’line”,0.3) &&

inCircle (G.start,N1.cp,N1.r) &&
inCircle (G.end,N2.cp,N2.r)

) {}{
createLine(N1.cp,N2.cp);

delete(G);
}
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_CreateNode::=G1:Gesture,G2:Gesture where(

findGesture(G1,’circle”,0.5) &&
insideOf(G2.bound,G1.bound)

) {14
C = createCircle(G1.bound);

createText(getString (G2),C.mid);
delete(G1);
delete(G2);

}

000000020000000000 G1OG2
00000GI0D0O0000000 G20 G100
000000000GI0D0O000000000
0000000 CO0O00000O00000O00
0000000000000 00OgetString(G) 00
GOO00O0O000O0000000000000
0000000000000000000000
0D000000000000000000000
0000000000200000000000
0000000000000000000000



gog
Doooo(
U000l [g >oo0ggno
__ ) Gesture
gogg
Ooon goono
ogooooo
v \ L_ﬁl
‘DDDDD 3 gooo
— L
gogg
v
googg
gog

7000000

gboooobooboooooboooobobooon
gbooooboobooboboooboooobo
OD@eaUODbOO0O0ObODOOOO (D 6b)
uobboooooooobbbooboob?200
ooboooooebbbOOOoboobDODD
ocopoooooooobooo@ebnb
oooooo@esbobOonoboOonDOO
ooogobobecUioononDbDOOO

4 OO

oobooooboooobbooobb700
gboobooooboobobbboooooooon

oboooDbD bbboobobobobooooboo
oobooobboooobooooboooooDo
0000 Gestwre U O OODODOOODOODO
ubooobbooobbooobbooooDbo
ubooobboobbooobobooooDbo
goboboooooboboogooooboooboo
goobboOoooooooobboo

uoooob oboooboooobooaobooon
uogodooooobobobobobooooooo
uoboobooooobooooooooooo
oboooboO0OnbestODDOOOOODODOO

U00o0o0o0o0o000DDO Geswmre 0 OO
ooooooboobooboboon

oooob boboooooooooobobo
obooooboboooobooooogoooo
oooobboobobbooobobbi1000040g0od
obooooboboooobooooboogoooo
ODActionO0 0 O0OO00DOO0OO0ODOOOO
OoooooooD Acion OO OOOO
gbobobooooboboooobboooooo
oboooooobooboooboboooooboo
gbobobobooboooooooooooo
goboboboooobboogooboboooooo
ooboboooobboooobboon 3.2
Hoooooooogooooo

gooobooo ooooboboooboobooon
obooooboobobooobOooDd Action
gooooobobooboobooogo

oooooogpooooobboooooobo
goobooobbooooobboobonbgo
goboobboooobobbobooobboo
goooooooboobobobboboeMGcUooog
000000000000 bDO0O0ODSATIN[7IO
ooooobooobobobobbbbooboooogoo
oobobooobboooobboooobooboo
O Te/TkKODCOOODO JavaOODODOOODDOOO

S 0oy

ooooooobooboboboboobgoog
gooboooooobboooboboooooooo

Electronic Cocktail Napkin[§] D D O OO OO QOd
ooooobOoboOoocOooboooboOooooooo
oooboobOooOOoocOoobOoboOooooboooo
oooooOooOOoOO0obDOoobDOoboOoOoDOooo
gobooooooooboooboobooooobobogo
gboboboboooboobooboboooooD
ooboooboooboobooooDoon

ooOooOOooobOooooboooboooooog
0000000 DOOO0O0O00O0O Artkit9]0D
O sensitive regionsT0 0 O O O O OO0 OO sensitive re-
gonOOOOOOODOOOODOOOOODOOOO
oooo0oooOoooobboooobOoOoooo



0000000000000 00D000Translu-
cent patches[10] 00 00 0O O O OO patch O O patch O
00O0oO0oOO0bOOooOoooooooooon
ddoooooOoObooo0ooooooooooo
O000O00OFlatland[11]0 000000000
ddoooooOoObOOoo0oO0ooooooooooo
O behaviord 0 0 0O 00O OO Obehavior 0 0 0O OO
000oOO0oOO0bOO0ooOoooooooooon
ddddddd0Od0oOoOoOoOooooooooon
00oooooooooooooooooooo
dddd0d0dd0oooooooooooooo
0o0oooooobooooooooooooo
oooagd

0 O ODiaGen[4]000 O O Electronic Cocktail Nap-
kinOOOOOOOOOODODOOoOOoDOOoOooon
00o0ooOoo0O0o0D0oD0oOoOoOoooooOooDon
0o0o0Dooooooooooooonooooon
0000000 o0ooOoo0ooooooooonon
ddddd0fd0odoooooooooooooo
00odooooooooooooooooobono
00oooooooooobooooooooon
dddd0fd0d0oooooooooooooo
ddddd0dO0O000oOoOoOoooOooooooon
odooooooooooboobooooooooad
0o0ooooooOoooooooooooooDn
0ddodooooooooboboobooooooo
0000000000000000 SkyBlue[12]0O
oooooo

oood3ooooooooooooooa
0000O0ODOO00000oOoOooooOOn ActionO
0o0000bODoOO00ooooooooobooboao
200000N1O0OO0N3COOO0DOODOOn
000000000bO0o00o0ooOoDOooncepd
YOOOOOOOOooooooooooooooo

6 OO

uoodod Ooooboobooooooooonoo
ddddodooooooooooooooooon
ogooobboooooooobobooooogon
ddddoooododooooooooooooo
dooooououoooooooooooboon
U00O0On-best O OO0O0OO0ODODOOOOOOOO
gboboooobooooboboobobooobooooon

goobooobooobbooobboboobboo
gobbooobboooobbobooooboboo
gboooooooooooooooboboboobon
gdoooooooooooobobooboobon
ooobDo0oobooDoDbOgnn-bestd OO OOO
gdoooooooooooooboboboboobon
goooboooooooon
ooooooooboilioooooooobobo
gl1ogooobogooboboooobbooo
OO0 Unistroke[14] 000000000 ODOODO
goobooobooobbooobboooboo
goobooobooobooobbooooboboo
gooooobooobobooboooooooooon
goooooooooooobobobobobobbobon
goooooooobooobobobobobbobobobon
ooobobooooon0 GestwreJOOO4OQOQog
0o0ooooobonb Acion0DOO0O0OOOO
gdoooooooooooooboboboobooboobon
goooooboboboooooooboobobobboobon
goooobooobooboooboboooboo
gobogoobbooobboobobooooboo
goooboobooogoooobbooooon

gooooob bOooboooooooooboon
gooooobooobobooooooooooon
goboobobooooooobooooooooon
gooooobooobobooooooooooon
gobooobooobooobbooooboo
goooooobbbobbbbooboooogoo
goooobooobooboooboboooboo
goooobooo

oo oooooooo
gdoooooooooooooboboboboboobon
gooooobooobobooooooooooon
gboboobooboooobooboooboooooan
gooooobooobobooooooooooon
goobooobooobboobooooboo
goobooobooobooobooooboboo
goooboooooooobbbooooon

7 0O0OU

utdoddddodoooooooooobooo
gdoooooooooooooboboboboboobon



oobboooooboooobboooobooo
oobooboooogoobobooooobbogo
uboboooboooooobboooboobbo
gogooooooboobooooooooooon
udooooooooooooboobooobobobobon
gogooooooboobooooooooooon
UooooopoDoDDD GestmreDOOOOOQ
dodddooooooooooooooooon
ugboboooooboooboboobbooooan
o000 oUoUoUugo
gbooooboooobobooobooobobon
gbobooooooobobooobooobobbon
boooobooboooboooboboooboo
oobooo

od

oboboooobobobbooobbooon
ooboboboooooooboboono

gogd

[1] EricJ. Golin and Tom Magliery. A compiler gen-
erator for visual langauges. In Proceeding of the
1993 IEEE Symposium on Visual Langauges, pp.
314-321. August 1993.

[2] Gennaro Costagliola, Genoveffa Tortora, Ser-
gio Orefice, and Andrea De Lucia. Automatic
generation of visual programming environments.
Computer, Vol. 28, No. 3, pp. 56-66, March
1995.

[3] Sitt Sen Chok and Kim Marriott. Automatic con-
struction of intelligent diagram editors. In Pro-
ceedings of the 11th annual ACM symposium on
User interface software and technology, pp. 185—
194. November 1998.

[4] Mark Minas and Gerhard Viehstaedt. Diagen:
A generator for diagram editors providing direct
manipulation and execution of diagrams. In Pro-
ceedings 11th IEEE International Symposium
on Visual Languages, pp. 203-210. September
1995.

[5] Akihiro Baba and Jiro Tanaka. Eviss: A visual

system having a spatial parser generator. In Pro-

[6]

[10]

[11]

[12]

[13]

[14]

ceedings of Third Asian Pacific Computer and
Human Interaction, pp. 158-164. July 1998.
Kim Marriott. Constraint multiset grammars. In
Proceedings of 1994 IEEE Symposium on Visual
Languages, pp. 118-125. October 1994.

Jason I. Hong and James A. Landay. SATIN: a
toolkit for informal ink-based applications. In
Proceedings of the 13th annual ACM symposium
on User interface software and technology, pp.
63—72. November 2000.

Mark D. Gross and Ellen Yi Luen Do. Ambigu-
ous intentions: a paper-like interface for creative
design. In Proceedings of the 9th annual ACM
symposium on User interface software and tech-
nology, pp. 183—192. November 1996.

Tyson R. Henry, Scott E. Hudson, and Gary L.
Newell. Integrating gesture and snapping into a
user interface toolkit. In Proceedings of the 3rd
annual ACM SIGGRAPH symposium on User in-
terface software and technology, pp. 112-122.
October 1990.

Axel Kramer. Translucent patches. Journal of
Visual Languages and Computing, Vol. 7, No. 1,
pp. 57-77, March 1996.

Takeo Igarashi, W. Keith Edwards, Anthony
LaMarca, and Elizabeth D. Mynatt. An archi-
tecture for pen-based interaction on electronic
whiteboards. In Proceedings of the Working
Conference on Advanced Visual Interfaces, pp.
68-75. May 2000.

Michael Sannella. SkyBlue: a multi-way local
propagation constraint solver for user interface
construction. In Proceedings of the 7th annual
ACM symposium on User interface software and
technology, pp. 137-146. November 1994,

Sitt Sen Chok, Kim Marriott, and Tom Paton.
Constraint-based diagram beautification. In Pro-
ceedings of 1999 IEEE Symposium on Visual
Languages, pp. 12-19. September 1999.

David Goldberg and Cate Richardson. Touch-
typing with a stylus. In Proceedings of the
SIGCHI conference on Human factors in com-

puting systems, pp. 80-87. April 1993.




<<
  /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
  /SyntheticBoldness 1.00
  /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.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


