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Goals

* Hand-drawn symbol recognizer
- Insensitive to:

- Uniform / non-uniform scaling
- Orientation
- Drawing order

- Efficient
» Easily trainable
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N Approach

* Representation:
- Attributed Relational Graph
- Geometry and topology of a symbol

* Recognition:
- Approximate graph matching



N Recognition
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N Recognition

Unknown symbol Definition symbols




N Recognition

Unknown symbol Definition symbols
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Roadmap

* Representation

* Measuring Similarity
* Graph matching

» User Study

» Conclusions
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VW Representation
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VW Representation
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W Representation
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W Representation

Line O
R=25%
I=1 I=1
Ideal Square A200° £290°
3 L=(100%, 0%) I-0 L=(100%, 0%)
— 7\ A:Oo
I=0 L=N/A
A=0°
0 2 Line 1 L=N/A Line 3
R=25% R=25%
A >
1
I=1 I=1
A=90° A=90°
L=(100%, 0%)

— L=(100%, 0%)

Intersection Angle:
R=25%

Defined for all pairs of lines




Representation

* Definition

- "Average graph”
- Statistical model -> u, o

- Segmentation

- Pen strokes -> primitives
- Lines and arcs

- Speed-based segmenter
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v'Representation

* Measuring Similarity
* Graph matching

» User Study

» Conclusions



W Measuring Similarity
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N Measuring Similarity

©
Similarity Score = 1 — Z wi E;
=1
Error Metrics (£;) Weight (w;)
E1: Primitive count error 20%
E5: Primitive type error 20%
E4: Relative length error 20%
E4: Number of intersections error | 15%
Es: Intersection angle error 15%
Eg: Intersection location error 10%




\ Primitive Count Error

_ difference _in_ primitive _count

E
1 MIN _ primitive count
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N Primitive Type Error

# of type mismatches

E, =
MIN  primitive count

Example:

EZ - 1/4




Relative Length Error

Z Relative length errors

: MIN _ primitive count

Relative length error =1—P(R, u,o)



N Relative Length Error

Z Relative length errors

: MIN _ primitive count

Relative length error =1—P(R, u,o)

Modified Probability Density Function: T Gaussian —

09 % Modified s ]

0.8

1 (R — ,11.)4 07

P(R,,u.,{:r) — Ei"p[_

50.0 o ] 0

05

Probability

0.4

7T\




N

Relative Length Error

3

Relative length error =1—P(R, u,o)

E;=( (1-1)
+(1-0.73)
+(1-0.73)

+(1-098) )/4

Z Relative length errors

MIN _ primitive count

=0.14

Unknown
Symbol

Definition
Symbol

2 4

3
Node Us 7 o P(Ug)
1 0.38 | 0.40 | 0.04 1.00
2 0.25 | 0.20 | 0.05 | 0.98
3 0.19 | 0.20 | 0.005 | 0.73
4 0.18 | 0.20 | 0.01 0.73




Q. Number of Intersections Error

. Z Intersection # differences

Unknown

£, . .- 1
# of pairs of primitives
4

E, = Squash(E;)

Example:
E,=1/6
= 0.17

= 0.0068
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Symbol Symbol
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IU.V) | I(:.Dy
1-2 1 1
1-3 0 0
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2-3 0 1
2-4 1 1
3-4 1 1




N, Intersection Angle Error

Z Errors in angles

ES
# of angles



\ Intersection Location Error

Z Errors in the itersection locations

E
° 2x Number of 1ntersections
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W Graph Matching

Task: Find best node-pair assignment




W Graph Matching

Task: Find best node-pair assignment




W Graph Matching

» Approach: 4 approximate algorithms
- Stochastic Matching
- Error driven Matching
- Greedy Matching
- Sort Matching



Stochastic Matching
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Stochastic Matching
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W Error-driven Matching

Definition 1 > | 3| 4
Symbol | | I
Unknown
Symbol d | b|c|a




W Error-driven Matching
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Greedy Matching
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Greedy Matching
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Greedy Matching
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Greedy Matching
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Sort Matching
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Sort Matching
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User Study

+ 23 classes of mechanical symbols
* 9 participants
» 15 examples per symbol

jfﬂj%iwﬂkw

arrow beam brackets cantilever capacitor  current dashpot ground
link moment pistor plvot pound pulley spring

m HATS

sqrt square m throttle triangle turbme voltage
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- OnaP4 3.2G6 & 16 RAM machine
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Conclusion

* Developed graph-based symbol

recognizer
- Insensitive to scale, orientation

» Stochastic Matching

- Most accurate, most expensive

* Greedy Matching

- Good compromise

+ Sort Matching

- Very fast, good for low-power devices






