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Paper is wonderfulape s o de u

• It’s physical 
• You can annotate it
• There are no rules!
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Computers are wonderfulCo pute s a e o de u

• Editing is easy
• Archiving, email, sharing
• Translation between form
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Fidelity of Presentation makes a difference

• These two designs are the same (bad) 
l ti  t   blsolutions to a problem

– Sketch    8.6 changes
– VB Form 6 5 changes– VB Form 6.5 changes



So what happens if you partly tidy?

Yeung, L., Plimmer, B., Lobb, B., Elliffe, D., Effect of 
Fidelity in Diagram Presentation HCI 2008, 1, BCS, 
(2008), 35-45

Ink on computers…..o co pute s

• Sketch tools
– Diagrams

– Animation– Animation

• Annotation 
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Overview O e e
• Applications 

Sketching– Sketching
– Annotating
– Fully integrated

• Under the bonnet
– RecognitionRecognition
– Ink anchoring and reflow
– Interaction basics

• Wider application
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Diagramming Toolsag a g oo s

• Support early design
– Paper like

• Quick
• No decisionsNo decisions
• No rules

InkKit 8



Translationa s at o

• User interface  sketch ->  form
And 
• ER diagram   sketch -> database

Schmieder, P., Plimmer, B., Vanderdonckt, J., Generating Systems from Multiple Sketched g y p
Models, Journal of Visual Languages & Computing, 21, 2, (2010), 
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Intelligent editing supportte ge t ed t g suppo t

10

Maintain a formal visualizationa ta a o a sua at o

SketchNode
Ideas: Helen Purchase and Beryl Plimmer
Programming: Hong Yul Yang
Studies: various students 11
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Penmarkede a ed

• Static documents 

• Workflow support

• Minimal recognition
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IDE Annotationotat o

• Visual Studio
Richard Priest

• Eclipse
Xi f (E il ) Ch– Xiaofan (Emily) Chen

• Significant limitation
– Annotating a copy of the codeotat g a copy o t e code
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Web annotationeb a otat o
• The dream 

– Annotate any web page  Annotate any web page, 
save the annotation on a 
server, share annotations 

• The realityy
– Browser security doesn’t 

let you do it!

Either 
– specifically designed web 

sites
OOr 
– copy the web page
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Plimmer, B., Chang, S. H.-H., Doshi, M., Laycock, L., Seneviratne, N., 
iAnnotate: Exploring Multi-User Ink Annotation in Web Browsers, in proc 
AUIC, Cprit/ACM, (2010), 52-60
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Seamlessly Mixing Ink and Text Sea ess y g a d e t

• There are no tools that do this justice.
– MS word 

• A ‘To Do’ list 

Wang, T., Plimmer, B., SmartList: exploring 
intelligent hand-written list support, CHINZ, ACM, 
(2009), 61-64 17

Mixing Ink and Imagesg a d ages

Nilanthi Seneviratne (2010) 

18
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Digital ink recognitiong ta ecog t o

• Character recognition
– Built into Windows Operating System
– Uses dictionaries to reduce search space

• Drawing ink 
Active area of research– Active area of research
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Our approach to diagram recognitionOu app oac to d ag a ecog t o

• Separate Writing and Drawing (divider)

• Recognize individual strokes

• Join strokes into basic shapes

• Join basic shapes to make components

• Apply semantics to understand diagrams.
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Rata Composed Recognizersata Co posed ecog e s

• Sample diagrams

• Extract ink features

• Build a ‘model’ for the recognizer using Data 
manager interface to Weka

• Software component recognizer
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Collect and label sample dataCo ect a d abe sa p e data

• About 15 examples of each class (type to be 
i d)recognized)

• This set is 
3 l– 3 people

– X 4 flowers

Blagojevic, R., Plimmer, B., Grundy, J., Wang, Y., A 
Data Collection Tool for Sketched Diagrams SBIM, 
EG, (2008)

Data Manager 23

Extract featurest act eatu es

• For each stroke we calculate 119 features of 
h i k t keach ink stroke

– Categories
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Data manager interface to wekaata a age te ace to e a

Feature file

Algorithm or 
ensemble

Test file

Model

Manual test
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Using the recognizer componentUs g t e ecog e co po e t

• Load it
inkPanelClassifier = ClassifierCreator.GetClassifier ( 

"C:\\Users....rata.model");

• Pass ink strokes 
string result = inkPanelClassifier.classifierClassify( 

myDrawingInk.Ink.Strokes, 
myDrawingInk.Stroke[i]);

if (result.Equals("stem"))
myDrawingInk.Stroke[i].Color.BurlyWood;
else .....
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Recognition rates - Dividerecog t o ates de

Divider % Correct % Text % Shapes

NewNew

LADTree 95.2 98.3 88.5

LogitBoost 95.0 98.1 88.4

Existing

Our Old Divider 86.9 93.1 73.5

Entropy 83 3 98 7 50 5

Blagojevic, R., Plimmer, B., Grundy, J., Wang, Y., Building Digital 

Entropy 83.3 98.7 50.5

Ink Recognizers using Data Mining: Distinguishing Between Text 
and Shapes in Hand Drawn Diagrams, in proc IEA-AIE 2010, 
(2010), in press
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Recognition ratesecog t o ates
Algorithm
s

ShapeData FlowChart Avg1‐10 11‐20 1‐10 11‐20
Our Recognizers
EnsembleEnsemble 
(best 3) 96.6 97.5 99.4 99.7 98.0

Bayes Net 94.1 97.9 98.5 99.1 96.9
Logic 
Boost 91.2 97.9 99.1 97.9 96.0

Bagging 93.3 97.5 93.1 94.3 94.9
Existing Recognizers 
PaleoSket
ch 92.9 96.3 93.7 88.4 89.7

$1 85.0 85.8 80.2 85.3 86.3
CALI 83.3 84.1 88.9 79.4 83.5
DTW 80 4 82 9 76 3 77 6 81 5DTW 80.4 82.9 76.3 77.6 81.5
Microsoft 
Recognise
r

40.0 40.0 14.9 15.2 24.8

Average 
(Exclude 

)
86.3 83.7

MS)
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So FarSo a

• Divider (Rachel Blagojevic)
• Single stroke recognizers (Sam Chang)

– Both at final tuning stage
E bli  l  d  ll i  l b li  • Enabling tools – data collection, labeling, 
recognizer evaluation, weka interface, 
software component generationsoftware component generation

• Next Next 
– Using divider and SSR together
– Joiner for multi stroke basic shapes
– Spatial features for putting components together and 

relationships between features 29
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• Under the bonnet
– RecognitionRecognition
– Ink anchoring and reflow
– Interaction basics

• Wider application

30

In sketches D1 all hand-drawns etc es

• Which of these ink strokes 
 t  were computer 

generated?
• Why do we care?• Why do we care?

D12 all computer generated
D8 6 computer 9 hand-drawn 
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Plimmer, B., Purchase, H., Yang, H. Y., Laycock, L., Preserving the Hand-
drawn Appearance of Graph, in proc Visual Languages, (2009), 347-352

On text documentsO te t docu e ts

• Needs accurate 
igrouping

• Good attachment 
pointspoints

• More studies on 
how to handle how to handle 
messy situations
– Split annotationsp
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Pen interaction is touchye te act o s touc y

• We tried 9 versions of 
thi  t tb  this textbox 
– When to activate the 

writing panel (air packets writing panel (air packets 
or tap)

– When to close, tap or 
timetime

– When to recognize
– Are extra dictionaries Are extra dictionaries 

effective
– When/where to display 

keyboard keyboard 
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Overview O e e
• Applications 

Sketching– Sketching
– Annotating
– Fully integrated

• Under the bonnet
– RecognitionRecognition
– Ink anchoring and reflow
– Interaction basics

• Wider applications
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Touch and Multi-touch Screensouc a d u t touc Sc ee s

• Origami 

36
Chang, S. H.-H., Stuart, L., Plimmer, B., Wuensche, B., 
Origami simulator: a multi-touch experience, Chi 09, 
ACM, (2009), 3889-3894



Multi touch - Hollow Objectsu t touc o o Objects

Joshi  A  Robertson  G  Wuensche  B  Plimmer  B  
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Joshi, A., Robertson, G., Wuensche, B., Plimmer, B., 
Bubbleworld builder - 3D modeling using twotouch and 
sketch interaction, in proc 5rd International Conference 
on Computer Graphics Theory and Applications (GRAPP 
2010), (2010), in press

Tablet and Hapticsab et a d apt cs
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Plimmer, B., Crossan, A., Brewster, S., Blagojevic, R., Multimodal collaborative 
handwriting training for visually-impaired people, in proc Chi2008, ACM, (2008), 
393-402

Ways forwardays o a d

• Better recognition is a must have!

• Core software components ink aware (WPF 
h l f l) helpful) 

• Lots of creative design

• Lots of usability testing
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Finally

• Thank you

• Questions?Q

• More detail  
http://www.cs.auckland.ac.nz/research/hci/  


