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A Graphics Recognition

A State of the art

A My approach, Result&
A Discussion, Future Work
A Demo, Resources

A Take Home Messages
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A Graphics Recognition

-
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Graphics Recognition (GR)

AWhat is it ?

A What is it useful for ?

A GR Terminology & Tasks
A GR Challenges
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Graphics Recognition

A Subfield of document image analysis
A Processing analysis of graphiesch documents
A Technical drawings, maps, comics, logos, symbol:
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Graphics Recognition

Al Symbot A& |yeé 3INI LIKAO
A has a specific meaning in a particular application
domain

Architectural Blueprint Symbols

O OQw o 8%
; Double =
Single Dishwasher ~ Range Drop-in
_ And gate s Sink &  Cooktop
— ¥} Diode Oven

© QDA 4+ comecver Nand gate
m Inductor Or gate Refrigerator  Trash  Washer Dryer Wall‘
Compactor Oven
d 2!- |? é) w —M\— Resistor
s e S epte MNor gate

DC voltage

*
E — I_ source
Pluto

= ' - -m )
Xor gate TQ‘, v A E e C—c?u:\g
AC voltage 8
source

Shower Tub  Lavatory/sink ight

Inverter
(Not gate)

YOYYOH

TV Cable
Phone 120 Outlet

Geometric -based Symbol Spotting and Retrieval 7



Graphics Recognition
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A Technical drawings
Asuch as: architectural floor plans; | |
electric, electronic, mechanical drawings, blue prir

A a symbol alphabetof a certain application domain
IS used to construct the technical drawings from
that domain

A a technical line drawing is usually composed of
symbols, connecting linendtext
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What is GR useful for

A Content based retrieval

A Automatic interpretation of
technical drawings

A Document classification

A Digital librarysearch

A OCR; e.g. mathematical symbols

Geometric -based Symbol Spotting and Retrieval 9



GR Terminology & Tasks
A Symbol recognitionv Z H | ==

A Symbol spotting“—i: _ﬁ_ .
A Symbol retrieval
A Analysis or interpretation of line drawings

A Logo recognition, spotting N
or retrieval Wi/
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GR Terminology & Tasks

A Handdrawn or printed symbol recognition
A Isolated or norsolated symbol recognition
A Indexing and retrieval of documents
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GR Challenges

A Same as content based image retrieval
A Contextc interfering strokes

A Rotation and scale invariance (or affine and
deformation in case of handrawn GR)

A No texture, only shape information
A Noise Preprocessing, Vectorization)
A Large databasesneed scalable solutions
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A State of theart
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State-of-the-art Approaches

A Isolated symbol recognition i =

A Statistical: pixel level descriptors

A Structural: graphs, vectorial primitives

A Hybrid: statistical + structural descriptors
A Learningg classification

A Status: somewhat mature, good results

A Problems: noise, rotation and scale, large
alphabets
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State-of-the-art Approaches

A Symbol spotting

A non-segmentationbased: Find local regions,
describe, match or index

A Status:iincreasing #f methods, relatively good
results (low precision)

A Problems: finding interest regio
rotation and scale, context L
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State-of-the-art Approaches

A Retrieval

A should be content analysisased (like text,
content-based image retrieval schemes)

A Status: very few preliminary works

A Problems:

A Finding regions of interest in a rotation and scale
Invariant way, clustering, scalabllity

Aindexable representation of the dataset
A Efficient matching and indexing techniques
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A My approach, ResultE
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My Approach

Adone
Aon going

Whole system evaluation

Evaluations

Build a symbol library

Efficient matching and indexing Practical Retrieval

| dentify regions of interest: Grouping

|dentify patterns of interest: Clustering Content Analysis

Preprocessing

Adaptive noise removal, Features
Matching in Context Symbol Spotting
Machine learning to improve
the Matching
Post -processing
v Similar shapes |solated Recognition
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A My approach, Resultd
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My Approach (1)

A Symbol Recognition

Ausinggeometric matching
A both isolated recognition and ioontext spotting

A Papers:

A1CIR2010: Graphical Symbol Retrieval Using a
branch and Bound Algorithm

A GREQ011:0n the Use of Geometric Matching for
Both: Isolated Symbol Recognition and Symbol
Spotting

Geometric -based Symbol Spotting and Retrieva 20



IsolatedRecognitiong Geometric Matching

A Geometrybased recognition

A Simultaneous transformation (pose) and
correspondencestimation
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IsolatedRecognitiong Geometric Matching
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Slide credit: Thomas Breuel, about his algorithm in:
Al mp | e metechnigues for geometric branch-and-bound matchingmet hods o, CV
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IsolatedRecognitiong Geometric Matching

Transformation

Image

Slide credit: Thomas Breuel, about his algorithm in:

Al mp | e metechnigues for geometric branch-and-bound matchingmet hods o, CV
AFast recognition using aandcgd ptrimad | LNb dipvaicxkiog |
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IsolatedRecognitiong Geometric Matching

Transformation

T
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Image

Slide credit: Thomas Breuel, about his algorithm in:
Al mp | e metechnigues for geometric branch-and-bound matchingmet hods o, CV
AFast recognition using aandcgd ptrimad | LNb dipvaicxkiog |
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IsolatedRecognitiong Geometric Matching

A Search the transformatiospace forT,
A Using a branch and bound algorithm

A Main loop
A Stopping criteria met ?? (T is small enough)
A Transformthe model bycurrent transformation T

A Evaluate: comparthe transformed model and the image
using some distancaeasure

A Subdivide the current transformation range

A Globally optimal solution T
A Under distance measure, error function

olution
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Isolated Recognition
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|Isolated Recognition- Preprocessing

Adaptive preprocessing
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Isolated Recognition

Recognition by geometric matching

Test Symbol

/\ /R

1st best match 2nd best match 3@ best match
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|solated Recognition¢ Results

AS51 GFasSiay Dw9/ Qnp O2y(Sai
ATest images: all the 6000 tests, 2860 models
ANoise: 6 degradation types
ATransformations : rotation and/or scale

A Averagerecognition accuracy: 90.15 %

A5 aGFasSiay Dw9/ Qum O2yiSai
ATest images3150 tests, 50 150 models
ANoise:3 degradation types
ATransformations : rotation and/ascale

A Average recognition accuracy5%
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|solated Recognition¢ Results

A Thegoal is recognition isontext, butwe show that
our method performsompetitively on isolated
recognition tasks

A Isolated recognition can be useful on its own as we v
see in the 29 part of the talk
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In-context Recognition (Spotting)
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In-context Recognition (Spotting)
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Spottingc Results

Spotting results datasetGRECO 11 t

14 queries in 20 electrical drawings, and
12 queries in 20 architectural drawings

sizices Average Average

Recall Precision

Dataset Noise Type of queried
symbols

Architectural Random 366 98.1% 98.9%

Electrical Random 223 98.7% 94.1%
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Recognition & Spotting; Results

Comparison with state-of-the-art methods

Same datasets, Note that some methods have used different no. of
models, test images, noise types and transformations

[solated Symbol Recognition - only for GREC'05 dataset

Method Accuracy  Models  Dataset - no. of tests Noise Transform
Our method 90.1 25 - 150 GREC05 - 6000 Yes (all types) Yes
Min et. al [7] 83.3 25 - 150 GREC 05 - 6000 Yes (all types) No
Zhang et. al [9] 82.8 25 - 150 GREC05 - 6000 Yes (all types) Only rotation
Lugman et. al [3] 04.5 20 - 100 GREC 05 - 40 Yes (their own noise) No
Wong et. al. [8] 04.0 25 GREC™05 - 100 yes (random) Yes (random)
Symbol Spotting - for GREC'11 and similar datasets
Method Recall Precision Dataset (architectural) Noise
Our method 8.1 98.9 12 queries, 20 drawings (8 backgrounds) Yes
Neuyen et. al [14] 88.0 70.0 6 queries, 15 drawings No

Geometric -based Symbol Spotting and Retrieval

34




Recognition & Spotting; Problems

A Noise
A Adaptive preprocessing/ noise removal
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Recognition & Spotting; Problems

A Similar shapes
A Partial solution: penalizing nematched features

ﬂ = [CEOED

Geometric -based Symbol Spotting and Retrieva 36




Improving Geometric Matching

A So far, we used geometric matching search fo
recognition and spotting

A Matching the features of the symbol model to

a subset of the features of a line drawing

A Controlling min. percentage of model features that
must be matched for a match to be accepted
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Improving Geometric Matching
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Improving Geometric Matching
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Improving Geometric Matching
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