Sketch Recognition fier: Course
eff Action: Diagi@ams

Kevin Stolit

Presented by
Freddie Santiago

Introduction

A course of action(COA) diagramyis; createdt by militany: planmners
wheni they are formulating a battle plan.

COA diagramsi consist of symbels; representing| military, units and the
actions they: perform.

Vany: COA diagrams; today are created using peniand paper, overlay,
maps andl grease pencils; post-its, and pushpins.

Many: computerized attempts at speeding| up the pracess have been
rejected because of the awkwardnessiof mice and menus Versus
hand sketeching.




COA Diagram
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\isuall Classification Motivation

Shimon Ullman; (Nature:Neureseiencer Journal) iound that the features, of
mtermediate complexity anermost optimallfier abject classification because
ofi specificity, and! relative freguency,

When a humant loeks at ar picture of sketeh, they: perfermi object
classification guickly, easily: recognizing| familiar ebject in the picture:

Research suggests; that: human visuall processing begins: by using simple

locall features; then subsequently representing) more complex features.
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Course of Actien Diagram

Military, Symlbelic language to: visually: represent
various aspects: ofi military. eperations.

Unit Symbol represents unit's strength, size,
pranch;, affiliation, dimension, ComMPosItion.

Operation; Symbol — tasks te) be performed.

Course of Actien Diagram
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System| Functionality.
Sketch

Shape creation
m Can draw strokes 1n any order and at any: scale.
m Strokes replaced by an image

Deletion
m Scrilble

Vieving
s Jlouch penion unit for halifa second, curser switches
» Drag the pen to new location

System Functionality.
Multimoedal

Used to communicate information which may be too difficult or
impossible to communicate through pen-based input.

Naming
= Talk button
= “This is <symbol name>", while clicking once on the symbol.
= Talk button

Copy/Move
= Talk

= “Copy this unit here”, while clicking once for the unit, and once for the
destination

= Talk




System Components

Three maini system components:

m Sketch Recognizer — recognizes; COA sketched shapes

n COA Domain Handler — ensures only: valid: sketch
combinations are recognized

s COA Multimedall Recegnizer — combines pen and
speechi input

Sketch Recognizer

Tihree compoenents:

n Primitive Recognizer
s Intermediate Eeature Recognizer (1ER)

s Domain (LADDER) Recognizer




System Components
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Figure 4-1: System Components

Primitive Eeature Recognizer

Classifies single strokes inte primitive shapes.
Ellipse;, line; point; poelyline; scribble; ete.

Only keeps impoertant reference peints (iLe. linerendpoints)

A stroke canibe classified adl multiple primitives. I so, each
recognized primitive is passed on

Each classified shape hassattribution whichiisialse passed on (ie.
ellipse height, width, center)

Each stroke has a UID whichrisiused! sol that' only’ one makes;it
through' the: domain| recognizer




Primitive Feature Recognizer

()]
i \ ‘
{1

Primitive Recognirers

e 4-3: PeneInput Data Chisified as Ellipse Primitive Type
Figure 4-2: Pen-Input Data Classifiend as Line Primitive Type lgscrs 3 Peo-Inpat Diata: Classited n Elipeo Priaitise Tyoe

Intermediate Feature Recognizer

Recognizes shapes of intermediate complexity,
fellowing eni results fremi visual classification

Analyzes primitive recognizer objects, and
combines themiinter shapes of intermediate
complexity.

Passes data to the' Demain Recognizer, on top of
the data from the Primitive Recognizer.




Intermediate Feature Recognizer

Able to recognize Dashed lines

m Look to see ifi they are
collinear; samerslope

Dashed! chainsi— Combines; two
dashed:lines if'they are close
enough

Intermediate Feature Recognizer
Erier Correction




Doemain Recognizer

Uses the LADDER! shiape definition! it recognizes the
symhels

Tihe collection| of shapes Used to recognize the symhbol
are placed in the Visible Shape Collection; (VSC)

When new shape added, the DR attempits to combine i
withiother shapes in the VSC to produce a more complex
shape. I it can, all components are removed from the
VSC, andi the new: complex shape is added:

Domain Recognizer

Arrow: Example

(define shape Arrow
{components
{Line shaft)
{Line headOne)
(Line headTwo))
(constraints
Meadone {coincident shaft.p1 headOne.p1)
{coincident shaft.p1 headTwo.p1)
headTwo (coincident headOne.pl1 headTwo.p1)
{equaHength headOne headTwao)
{acute-meet headOne shaft)
{acute-meet shaft headTwo))
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LADDER: Problem

FLADDER! works fine when there isia single
Way: el definingra shape

[Has a hard time defining shapes that
couldihave: variable construction.

LADDER Preoblem

20 unigue' orders’ tor draw:
the shape

Defining a shape based
0N a clhiange fromia
previous shape would
restrict the system.

Solve! this by recognizing
things on the context of a
frame
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COA Domain Handler

Recognizing based on a frame context causes problems

COA Doemain: Handler

Eixed by using fiame templates for each ofi the
Shapes.

Insteadl of recognizing| shapes in the context of a
irame,, they arerecognized ini the context ol a
frame template.

Once a modifier has been added, the template
changes, turming ofif any paths which wouldflbe
Incorrect.
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COA Domain Handler

Frame Template
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COA Domain Handler

Modified Frame Tlemplate
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COA Domain Handler

DH alsoe interprets the
scene.

s Internal representation
off each’ symbol

a Updates infoermation
abeut them whenever:
changes; eceur.

u Aggressor/Defender:

Multimodal Recognizer

Speech Input

m Speechi isibroken dewn into small units of sound
called phonemes

m A sequence of matches Isiused! to produce and n-hbest
list of candidate sentences accompanied by a score.

Combining| Speech and Pen

u A type oi: command is matched with an expecied
nUMBer off INPULS frem: the: pen.

n [ there Is a match, thenithe action| Is perfermed,
Otherwise, noething is done.
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Multimedal Recognizer

Copy Command

Image Replacement Preblem

Image dififers from underlying
shape data.

Attempting te addrmodifiers te
the shape may not e correct.

Solution: Modify: the strokes to
matehi up withi the picture.

User Strokes

|

Displayed Images
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Conclusion

Seems like a fairly’ straightiorward system, but
Where are the performance numbers?

m User tests?

u Recognition percentages?

m earning cunve of spoken commands?

How: dees expensive 1n “enline” recognition ofi this kind,
since every stroke has to he compare to existing
features in the VSC during the IFR 'and COA demain
recognizer?

Improvements

Add Zeom functionality, ser that macroe and
micro echieloni hattle: strategjes; are
displayed as you zeem
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