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Poor Designs are Prevalent

2005 NIH Research Budget per Death

Cardiovascular (CVD = Heart & Stroke)

Hepatitis C
BIMB\ Hepatitis B
Prostate \
Alzheimer's \

© Copyright FAIR Foundation 2004

in 2005, $10,833 will be spent per Hepatitis C death, $8,000 per
Hepatitis B death while $178,975 will be spent per AIDS death
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Percentage of Entries in Consumer Reports'
2006 Used-Cars-to-Avoid List for Model
Years 1998 to 2005, by Manufacturer
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Bitmap Images are Common

2005 NIH Research Budget per Death

Cardiovascular (CVD = Hea t

Prostate

Alzheimer's

© Copyright FAIR Foundation 2004

In 2005. $10,833 will be spent per Hepatitis C death, $8,000 per
Hepatitis B death while $178,975 will be spent per AIDS death

ard to extract data

ard to index and search

ard to redesign




The Challenge

Computational Visualization Interpretation
Given a bitmap image of a chart:
Determine the chart type (bar, pie, etc)
Infer a model of the underlying data

Applications

Retarget to new charts or visual styles
Data extraction, indexing & retrieval
Evaluate visualization designs




2005 NIH Research Budget per Death

Hepatitis C

Type: Pie

Data Table
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ReVision

1. Classitication
2. Mark & Data Extraction

3. Automated Redesign




1. Classification
2. Mark & Data Extraction

3. Automated Redesign
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Prior Work

State-of-the-Art: Prasad et al. 2007

Combines many vision features: Image

Segmentation, HOG, SIFT, and more
Input to a Multi-Class Support Vector Machine

Achieves 80% classification accuracy across 5
classes: bar, pie, line, scatter & surface charts

Our Approach: Unsupervised Feature Learning

Image features at the level of graphical marks

14
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Cluster centroids are treated as a codebook.
These patches serve as our image features.
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Chart Image Classitication

1IN KK
I s il B R

Agsat allocabon by type




Chart Image Classitication

Agsat allocabon by type
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Chart Image Classitication

Agsat allocabon by type
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Chart Image Classitication

Agsat allocabon by type
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Chart Image Classitication

Agsat allocabon by type
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Chart Image Classitication
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Chart Image Classitication
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Chart Image Classitication
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Chart Image Classitication

SVM
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Classification Results

Prasad Corpus: 667 images, 5 chart types

5-way Classifier Accuracy
Prasad et al. 84%
ReVision Image Features 88%

What about text features?
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Textual Features

Histograms of:
Text pixels per image region (8 x 8 grid)
Text label geometry (position, width, height)
Angles between label pairs

Distances between label pairs

Each histogram is normalized and then
concatenated to the final feature vector.




Classification Results

Prasad Corpus: 667 images, 5 chart types

5-way Classifier Accuracy
Drasad et al. 84%
ReVision Image Features 88%
ReVision Text Features 66%
ReVision All Features Q0%

Binary Classifiers Accuracy
ReVision All Features 96%




Classﬁlcatmn Results

- Area Graphs (90+17) | BarGraphs (363+81) |  CurvePlots(318) | Maps (249) Pareto Charts (168) |

Extended Corpus: 2,601 images, 10 chart types

Classifier Accuracy
ReVision Image Feat., 10-way 80%

ReVision Image Feat., Binary 906%




1. Classification
2. Mark & Data Extraction

3. Automated Redesign




1. Classitication

2. Mark & Data Extraction

3. Automated Redesign




Initial Assumptions

No 3D effects, stacked bars, or exploded pies

Marks are shaded with (nearly) constant colors




Bar chart extraction

' Find l ' I Extract I
Connected OO Inf.er Cht‘:\rt Baseline Data.
Orientation extraction

Componcnts Rectangles ' I Axis '




Bar charts: Bar extraction
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Bar charts: Bar extraction
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Bar charts: Bar extraction
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Bar charts: Bar extraction
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Bar charts: Bar extraction
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Bar charts: Bar extraction
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Bar charts: Axis extraction
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Bar charts: Axis extraction
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Bar charts: Axis extraction
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Bar charts: Axis extraction
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Bar charts: Axis extraction
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Bar charts: Axis extraction
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Bar charts: Data extraction
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Bar charts: Data extraction
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Bar charts: Data extraction
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Bar charts: Data extraction
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Pie chart extraction
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Extraction Results
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Average Data Extraction Error

Error = | true value - est value | / max value

Less than $10,000
$10,000 - $14 928
$15,000 - §24 9298
$25,000 - $34 999
$35,000 - $49 999
$50,000 - §74 999
$7 5,000 - $99 999
$100,000 - $145,933
$150,000 - $198 9399
$200,000 or more

i] 200 400 GO0 a00

Bar Charts: 0.0093 Pie Charts: 0.0034

Average chart size: 452 x 342 pixels
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3. Automated Redesign




1. Classitication
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3. Automated Redesign




Compare area of circles




Compare length of bars




Graphical Perception Experiments

Position 1 I r I

Position 2 ——
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| | | | |
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Absolute Log Estimation Error

Heer & Bostock, 2010
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ReVision Gallery

Input Image (upload)

Azset allocafion by type
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ReVision Gallery
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ReVision Gallery
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Bar Chart Redesigns

High school grad. ...
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Pie Chart Redesigns
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Future Work
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Additional Chart Types
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Extracting Legends

Mittehwert (ml)

300

200 +

100 -

o}
1

HoLEP

I RHpreop
o rH1M
| EGER
I RH12m
I GGRE
[ ]RHZ4m
[ |rH25M

TURP




Filters

| YEAR(Date):zoin | 5800 0
Marks
5600 - @
x ¥ Aukomatic W
shape | O ) O -
Label - | )

Calor - [F'ru:u:luct Type ]

Size | )

.ﬂ
-

Level of Detail

Frofit

Product Type .y
Coffes (S200) - l,:i % ?ﬁ
I—." 1

Eszpresso
Herbal Tea ‘5

Tea

(3400} -

(S800) -

Interring Densities

| | |
=0 100 200 SSEID Sdﬂll} SEEID SEDD ST00 EE.’II}D EEH}D
Sales




/* Sizing and scales. */
var w = 400,
h = 250,
X = pv.linear(0, 1.1)
.range(0, w),
y = pv.ordinal(pv.range(10))
.splitBanded (0, h, 4/5);

/* The root panel. */
var vis = new pv.Panel()
width(w)
.height (h)
_ ! _ .bottom(20)
I .left(20)
.right(10)
> .top(5);

/* The bars. */

Generati\/e Model var bar = vis.add(pv.Bar)

.data(data)
el . .top(function() y(this.index))
Infer chart specifications, hereht (v, range () .band)
) . .left(0)
not just backing data. ey
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