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Geometric Assembly Planning

Valid Invalid

Many Geometrically Valid Sequences
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How do we choose the best sequence?




Identifying Design Principles

Stage 1: Production
Stage 2: Preference
Stage 3: Comprehension

Stage 1: Production

43 Participants
Assemble TV Stand without instructions
Write instructions for novice assembler




Stage 1: Mean completion time

Time to
assemble
(min)

Low spatial High spatial

Stage 1: Instructions produced
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Almost all contained diagrams  98%
Text redundant with diagrams  62%




Stage 1: Classes of Diagrams

Parts menu Action diagrams

Parts menu to differentiate parts
Structural diagrams depict completed step
Action diagrams show assembly action/operation

Stage 1: Action diagrams

Mean
number
per set

Low spatial High spatial

High spatial
More action diagrams
More 3D diagrams
Less text




Stage 2: Preference
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holes. screws into
the holes of the side pieces that
arc lined up; 2 screws per side.
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Tnsert wheels into holes in the two
side pieces.

21 Participants
Assemble TV Stand without instructions
Rated 39 sets of redrawn instructions

Stage 2: Highest Rated
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Ratings similar across all participants
Spatial ability does not affect preference




Stage 3: Comprehension
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Set 1: Text + Action Set 3: Parts menu + Structural + Action

44 Participants
Given 1 of 4 instruction sets from Stage 2
Assemble TV stand using instructions

Stage 3: Results

No difference in assembly time by condition
Instruction consultations: Low 8.9 High 7.1
Box picture consultations: Low 9.1 High 3.4

Comments
Should show relevant parts and attachments
Structural diagrams and exploded view hard to use
Text not very useful




Design Principles

Step-by-Step
Action diagrams
Good visibility

TV stand instructions generated by our system

Input

Geometry: Parts in assembled configuration required
optional

Orientations: Default viewpoint / orientation
Preferred orientation for each part

Groupings: Fasteners, significant parts, similar actions, symmetry
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Find best assembly sequence
Planning: Geometric feasibility
Presentation: Visibility

Search @ E a E @
Subdivide Steps _._@_ Jﬂﬁ_ _._[:EE_

Reorientation —'ﬂﬁ- m —l—l-i

=TT el | el
Invalid Valid

Visibility Constraints

1. Parts being attached R min (Vis(r, R-r)) * Wg,
Check that each part is visible =R

2. Previously attached parts A Vis(A, R) * W,
Check that context is visible

3. Future unattached parts U min (Vis(u,R)) * W,,

Check that future parts will be visible uey
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Lego Car

Input model

Bookcase

Input model
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Subdivide Steps

Reorientation

Search

Subdivide Steps

Reorientation

Sequentially add parts
Least visible to most visible
Distance to viewer

Reorient
Set preferred orientation

If poor visibility try alternate
orientations

12



Action Diagrams

Choose Direction

Subdivide Steps Build Stacks

Place Guidelines

Reorientation

Bookcase

9 Parts Design: 48s
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Test Object

25 Parts Design: 53s

Evaluation

30 Participants
Given 1 of 3 instruction sets: factory, hand-drawn, computer
Assemble TV stand using instructions
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Hand-drawn

15



Computer Generated

Results

Mean
time to
assemble
(min)

Factory Hand-drawn Computer

Errors: Factory 1.6 Hand-drawn 0.6 Computer 0.5
Task rated easiest in computer condition

16



Summary

Identification of design principles
Production
Preference
Comprehension

Instantiation of design principles

Validation of design principles

Announcements
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Final project

Design new visualization method (e.g. software)
Pose problem, Implement creative solution
Design studies/evaluations less common but also possible (talk to us)

Deliverables
Implementation of solution
6-8 page paper in format of conference paper submission
Project progress presentations

Schedule
Project proposal: 5/11
Project progress presentation: 5/23 in class (3-4 min) slide presentation
Final poster presentation: 6/3 12:15-3:15pm Location: TBD
Final paper: 6/5 11:59pm

Grading
Groups of up to 3 people, graded individually
Clearly report responsibilities of each member

Deconstructing Visualizations

18



Plate 5

~

{ to and_from all

LXPORTS & IMPORTS \

T\ WORTH-AMERICA

Plate 5
S

7 to and_from all

T\ WORTH-AMERICA

_EXPORT'S & IMPOR m’\_,, il

i

|

Pixels are poor representation

Hard for machines to retrieve data
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2005 NIH Research Budget per Death

Cardiovascular (CVD = Heart & Stroke)
Hepatitis C

Prostate
Alzheimer's —-»

© Copyright FAIR Foundation 2004

100 Most Active Tweelers.

GOP CANDIDATES

/ BACK PALIN
70%

V' 7). ~/
Lie Chart
/ 2 most favorite types of pie?

BACK HUCKABEE ‘BACK ROMNEY

THE SHRINKING FAMIL

In Calfornia

SOURCE:OPINIONS

(or & x 16)

= N N or@xas)

~a
Apple crumb 25% Cherry 2%
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2005 NIH Research Budget per Death

Cardiovascular (CVD = Heart & Stroke)
Hepatitis C

Prostate \

Alzheimer's —>

© Copyright FAIR Foundation 2004

Pixels are poor representation
Hard for machines to retrieve data
Hard for people to manipulate

2005 NIH Research Budget per Death

—7 Cardiovascular (CVD = Heart & Stroke)
0 T e Hepatitis C

T ExrorTs & 1arORTS e e Hepatitis B
e L = ! o
Alzheimer's 4_.

Pixels are a poor representation of charts and graphs
Cannot index, search, manipulate or interact with the data

Goal: Reconstruct higher-level representation of charts
and graphs that lets machines and people redesign,
reuse and revitalize them

21



What is a good representation?

Plate 5
—_—

7

T\ WORTH-AMERICA

_EXPORTS & IMI’oRTJ'\_,w PEAPE

to and_from all ¥ }

170,000
171,000

176,000
180,000

187,000

Imports
300,000
302,000

303,000
312,000

319,000

mark: lines

Year - x-pos (Q)
Exports = y-pos (Q)
Imports - y-pos (Q)
Exports = color (N)
Imports - color (N)

Mappings
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2005 NIH Research Budget per Death

Cardiovascular (CVD = Heart & Stroke)

Prostate

Hepatitis C

Alzheimer's —.

AIDS

Parkinson’
Prostate
Alzheimer's
Diabetes
Hepatitis C
Hepatitis B
Cardiovascular...

0% 10%

Disease Budget
Aids 70.0%
Alzheimer's 5.0%
Cardiovascular 1.1%
Diabetes 4.8%
Hepatitus B 4.1%
Hepatitus C 3.8%
Parkinson’ 6.0%
Prostate 5.2%

Mappings

© Copyright FAIR Foundation 2004

mark: areas

Budget > angle (Q)
Disease > color (N)

20% 30% 40% 50% 60% 70% 80%

Disease Budget
Aids 70.0%
Alzheimer's 5.0%
Cardiovascular 1.1%
Diabetes 4.8%
Hepatitus B 4.1%
Hepatitus C 3.8%
Parkinson’ 6.0%
Prostate 5.2%

Mappings

mark:

Budget >
Disease > color (N)

23



Approach

Classification: Determine chart type
Mark extraction: Retrieve graphical marks
Data extraction: Retrieve underlying data table

Classification

24



Training the Classifier

50.5
Edad Edad
40-49

10000 15000 "0000 25000
Miles de habitantes

Training the Classifier

= ' 1
5000 10000 15000 20000 [25oco
Miles de habitant
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Training the Classifier

. Charts
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Classifying an Input Image

Asset allocation by type

Platinun
Sikar

Gdld
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Classifying an Input Image
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Classifying an Input Image
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Classifying an Input Image
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Classifying an Input Image
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Classifying an Input Image

HARN A

dk

Classifying an Input Image
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Our Corpus

Area Graphs (90+17)

Bar Graphs (363+81)

Curve Plots (318)

[T Ap——

Over 2500 labeled images and 10 chart types

Maps (249)

Pareto Charts (168) ‘

</ </

Radar Plots (137)

— were

Scatter Plots (372)
v Ve

I, 1

o]

peso [Largor

Tables (263)

ol

‘w‘nm...

ReVision binary SVMs give 96% classification accuracy

http://vis.berkeley.edu/papers/revision

Mark and Data Extraction
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Assumptions

Bar charts and pie charts only
No shading or texture, 3D, stacked bars, or exploded pies

Pgduct ¥

$12, 004
$30,000
\\

Bar Charts

marks: lines

y-value x-value
50 A
25 B
4 C
75 D




Bar Charts

‘ Extract Marks

Pie Charts

\ Extract Marks

SletT

marks: lines

y-value x-value
50 A
35 B
4 ©
75 D

Extract Data ‘

Scale: 2 pixels/unit

marks: areas

&

percentage category
22.3 A
22.4 B
10.8 C
5.6 D
5.6 =
33.3 F

Extract Data ‘

AN

Scale: 50 pixels/percent

32



Extraction Results
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(@)

Number of Charts
N o
O O

Bar Pie

®Total charts ™Mark extractions ™ Data extractions

Redesign




2005 NIH Research Budget per Death

Cardiovascular (CVD = Heart & Stroke)
Hepatitis C

J Hepatitis B]

Original

Alzheimer's

© Copyright FAIR Foundation 2004

ADDs I——
Parkinson' [
Prostate |l
Aizheimer's [l
Diabetes [l
Hepatitis C i
Hepatitis B [
Cardiovascular... ||

Redesign

0% 10% 20% 30% 40% 50% 60% 70% 80%

Original
Percentage of Entries in Consumer Reports'

2006 Used-Cars-to-Avoid List for Model
Years 1998 to 2005, by Manufacturer

General Motors Corporation
DaimlerChrysler AG

Ford Motor Company
Volkswagen AG

B A

Hyundi Motor Company
Nissan Motor Company
Mazda Motor Corporation
Isuzu Motors Ltd

Porsche 4G

Honda Motor Company
Mitsubishi Motors Carporation
Subaru Division of Fuji Heavy Industries, Ltd.
Toyota Motor Corporation

Auto Manufacturer

15 20 25 30 35 40 45
Percent

Redesign

General Motors Corporation
DaimlerChrysler AG

Ford Motor Company
Volkswagen AG

BMW AG

Hyundai Motor Company
Nissan Motor Company
Mazda Motor Corporation
Isuzu Motors Ltd.
Porsche AG

Honda Motor Company

< --lll
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Original

Heighticm

Original

Heighticm

Suzanne

Individual heights

Devinder

Individual heights

Devinder

Caroline

©
£
z
&
£
&
@

Sarmantha

Redesign #1

Y
Devinder

Maria

Hayley

Clare

Lisa

Kate

Cara

Caroline

Sarah

Joanne

Carol

Suzanne

Melissa

Redesign #1

Devinder

Maria

Hayley
Clare

Lisa

Kate

Cara

Caroline

Sarah

Joanne

Carol

Suzanne

Melissa

Redesign #2
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Limitations
Additional Chart Types

Handling Legends

Il RHpreop
(LG
| UGN
[ rH121
[retam
[CJRH24m
[IrH38M

European Union budgets since 2000
uuuuuuuuuuuu .2
20
Money spent 8 Approved budget
0
100
00
)
a0
)
60
40 [0
20 20
7777777777 o

Sourca: European Urion

uropean Union budgets since 2000

Money spent  Approved budget

Graphical Overlays

S %588 3 g5,

European Union budgets since 2000
Bilon, Euro Bilon, £

Money spent Approvedbudget  1ome ! 0%e

7RE e TR

Visual elements that are layered onto a chart to facilitate the
perceptual and cognitive processes involved in chart reading
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Annotation
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H2s

750
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Pie Charts

Line Charts

Elves
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Reference Structures
@
T o
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=
o
T 5
o M LascYear B This Year I Next Year

W Blood (Bacteraemia)
 Urinary tract

Surgical wound
W Lower respiratory tract
™ Skin

Other

6.2%
23.2%
10.7%
22.9%

9.6%
27.4%
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Bar Charts

Pie Charts

Line Charts

Highlights

T W Newr
e Gt O Dogors St

Zoom: 14 5 1m I m VIO 32 52 300 &1 o 31,3003 - 30, 3013

D2z @INX acon g Gz
W Blood (Bacteraemia) 6.2%
Urinary tract 23.2%
Surgical wound 10.7%
W Lower respiratory tract  22.9%
W Skin 9.6%
Other 27.4%

2 s <
3 2010 20

¥

Bar Charts

Pie Charts

Line Charts

Redundant Encodings

W lter W TeYer Nestteor
150 '

Redundant Erjcoding

Ol

LT S ——T—

. e 8 e
™ .
Zooms 18 5 i e IS 30 5 sy A a2 - 10,2003 B LascYear W This Year [ Next Year
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Bar Charts

150.0

125

75.0

375

Pie Charts

Line Charts

Summary Statistics

B LastYear W ThisYear [0 Next Year

Max

Trolls Elves  Gremlins ~ Orcs Dragons  Billygoats

Summary Statistics

Bl W TV NecYer

Mean
W Blood (Bacteraemia)
Urinary tract
Surgical wound

W Lower respiratory tract
W Skin
Other

6.2%
23.2%
10.7%
22.9%

9.6%
27.4%

Bar Charts

Pie Charts

Line Charts

Annotation

»— Surprisingly large

W Blood (Bacteraemia) 6.2%

» Urinary tract 23.2%
Surgical wound 10.7%
W Lower respiratory tract  22.9%
W Skin 2.6%
Other 27.4%

Annotation

Bl W Thver
1500

s Spike in price of
¥ elven bows

0

s

1

o
Toh G Gl O Do Shan

Gt W Thsver
1500

o NexVerr

o Newerr

5 1m 3m 6m VID 3y Sy 10y AL Fo 21, 2012 - Mar 10,2012
@ DJli22 @ INX 30 @ XICu2

Provide context and support collaboration

Eurozone crisis
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European Union budgets since 2000

Billion, Euro Billion, £ mark: lines
20 Money spent. M Approved bucdget 120 ear  mone
100 2000 85
100
8 80 — 2001 78
o ) 2002 87
w0 2003 90
© 2004 98
20 20
0 0

2000 O1 02 03 04 05 06 07 08 09 10 11

Exchange rates are at current level
Source: European Union

Most overlays only require access to marks
Reference structures (marks)
Highlights (marks)
Redundant encodings (marks and data)
Summary statistics (marks)
Annotations (marks)

Graphical overlay gallery

This gallery contains examples of graphical overlays, described in our paper. We have extracted marks and data from the charts using
ReVision (for bars and pie charts) and Datathief (for line charts), but all of the overlays are generated in-browser. Try out some of the
parameters, or click on an image thumbnail below the gallery to view some example overlays.

Chart type: [Bar :]
European Union budgets since 2000 Chart: [ 00281 +
- - Overlay type:
Billion, Euro Billion, £ @®Regular gridlines
I Money spent M Approved budget 120 (Lines emanating from marks
120 100 Parameters
100 80 @® Overlay () Underlay
80 (@ Static () Interactive
60 Divisions: 4
60 Line thickness: 1
40 40 o A
Places regular gridlines at user defined
20 20 intervals.
0 0
2000 01 02 03 04 05 06 07 08 09 10 11
Exchange rates are at current level
P emo
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Interactive Documents

How can we facilitate reading

text and charts together?

Syrian refugees: how many are there Hswere 2
and where are they? Meest)10
The humanitarian fallout of the conflict in Syria reaches new 811
proportions as the number of estimated refugees reaches one Pt
million m

+ Download the data Shen @
* More data joumalism and data visualisations from the Guardian Email
ona Chalabi& Simon Rogers

theguardian.com, Wednesday 6 March 2013 13.03 GMT =] =]
(& Jump o commens (0) Artcle history

Some contributions are made on a regional basis, but many donors
prefer to contribute to efforts in a specific country. In line with the

distribution of the refugees themse| are funnelled
towards Jordan (28%), followed by|Lebanon (26%) JTurkey (15%) and

Iraq (11%).

Where the money goes

Where the international community has donated to help Syria's refugees

40,000,000

30,000,000

28,029,72!

20,000,000

10,000,000

40,221,893

Egypt
SOURCE: UNHCR
GET THE DATA EMBED FULLSCREEN

Iraq

Turkey ~ Regional

guardian

Goal: Extract references between text and chart
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Problem: Diversity of writing styles

Example 1: Pew Research

Are People Better Off in Free
Market Economy?

Disagree Agree

Brazil

Skepticism for capitalism is lowest in

China
Germany
e Brazil (22%), China (19%), Germany
B::::: (29%) (although East Germans are less
supportive than West Germans) and

France 43
Turkey the U.S. (24%). Skepticism for free
markets is highest in Mexico (60%)

Poland
and Japan (60%).

Italy
Egypt
Czech Rep.
Pakistan
Russia
Spain
Greece
Jordan
Tunisia
Japan
Mexico

w n wiwin wiN Ni=IN
N N oN|= ¥] 1] ololn

PEW RESEARCH CENTER Q26.

42



Example 1: Pew Research

Are People Better Off in Free
Market Economy?

Disagree Agree

Brazil
China
Germany

Skepticism for capitalism is lowest in
o Brazil (22%), China (19%), Germany
India (29%) (although East Germans are less

:r::c: supportive than West Germans) and
Tkey the U.S. (24%). Skepticism for free
Italy markets is highest in Mexico (60%)
crech and Japan (60%).
Pakistan

Russia
Spain
Greece
Jordan
Tunisia
Japan

Mexico

PEW RESEARCH CENTER Q26

Example 2: Economist

I Public opinion on the rich
Respondents who agree* that most rich people in their country deserve their wealth, %

Deenber 201 fery 012 Top earners have attracted

0 10 20 30 40 50 60 70 . .
nustratia more opprobrium as their
e salaries and the performance
china of the economy have headed
India . . . .
itain in opposite directions.
o Europeans and Latin
South Korea Americans tend to have
e similar attitudes to the rich;
e the Anglo-Saxon world is a bit
emany e
Argentia more forgiving.
France
Chile
Spain
Turkey

Russia
Greece

Source: GlobeScan *Strongly agree” and “Somewhat agree”
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Example 2: Economist

I Public opinion on the rich

Respondents who agree* that most rich people in their country deserve their wealth, %
2

December 2011-February 201;
0 10 20 30 40

50 60 70

Australia
Canada
us

grtain |

Source: GlobeScan

**Strongly agree” and “Somewhat agree”

Top earners have attracted
more opprobrium as their
salaries and the performance
of the economy have headed
in opposite directions.
Europeans and Latin
Americans tend to have
similar attitudes to the rich;
the Anglo-Saxon world is a
bit more forgiving.

Preprocessing

Document
segmentation

Mark and data
extraction

Crowdsourcing

Reference
extraction

Clustering and

Merging

N

Merge

Cluster
e

 SEEEEEE—
Select

representative
-
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People may think their
personal situation is better
than economic conditions
in their nation, but only in
Brazil (72%) and China
(70%) do large majorities
think their families are
better off than they were
five years ago. On balance,
Indians (50%) and Turks
(43%) also say their
situations have improved.

Compared to Five Years Ago, Are
You Financially...

mBetter off About the same » Worse off

erazil Y 16 (12
china TN 21 5

ndia [N 10 25
Turkey IEEY 21 35
Tunisia [EED 25 36
Russia [EZS 36 29
Jordan [ERS 37 31
Mexico [IIELN 37 31

poland IIETE 30 40
u.s. IEER 38 34
Germany ISR a8 28
Pakistan [IIFE] 17 57
eritain [EFY 32 46
CzechRep. JIETN 34 as
italy N 31 a9

egyot I 38
Lebanon [FEN 34

42
51 |
France [FZN 37 49
LimwDemo
Japan B0 a7 4 |

Spain ) 31 60

PEW RESEARCH CENTER Q20

Evaluation

0.8

0.7

0.6

0.5

All workers

Passed Clustered
gold  and merged

Avg. F, distance: expert specified references vs. crowd
specified references

45



Ongoing and Future Work

1

Deconstructing D3 Charts

Data
deconlD name type cost

items = [{name: "apple",type: "fruit", cost: 1.00}, 50

{name: "pear", type: "fruit", cost: 2.60}, = | 2 apple  fruit  1.00
{name: "beef", type: "meat", cost: 5.00}] 45 — 3 pear fruit 2.00
var bars = svg.selectAll("rect") 40 — 4 beef meat  5.00
.data(items)
.enter () 35 — Marks
.append("rect"); 30 — fill xPosition  height
bars.attr("x", function(d, i) 25 —| green 35 px 20 px
{return i * 25;}) ’ green 60 px 40 px
.attr("y", function(d) 20 — d
{return h - d.price * 10;}) 15 © 85 px 100 px
.attr("height", function(d) ~ .
{return d.price * 10;}) 10 —| Mappings
-attr("fill", function(d, 1) type £ fill
{if(d.type == "fruit'){return "green";} 05 — cost £ height
else if (d.type == "meat"){return "red";}}) 00 — Lo yP
Lattr("width”, "20px") : 1 cost= yros
.attr("stroke-width", 0); cost => area
apple pear beef C
deconlD =5 xPos
D3 Code D3 Chart Our Deconstruction

Automatically convert D3 code into mapping based representation
to enable redesign and style reuse

Deconstructing and Restyling D3 Visualizations. Jonathan Harper and Maneesh Agrawala.
User Interface Software Technology (UIST) 2014.
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Automatic Redesign

Can we automatically redesign charts to improve

Perceptual effectiveness?
Visual aesthetics?
Accessibility for vision impaired users?

- StyleTarget

Data Source

Result

Document Collections

Many specialized collections

10245 n the e 1708 and.

81
10
58
as
3131 I
10800 1990

9
|u
20008

et e e s OFE
e st e Wl Educaton Lovls f 25 t0 32 Scientific: PLOS, JSTOR, ACM DL, ...
e v, Web visualizations: D3, Processing, ...

pe . . News: New York Times, Pew research, ...
Bbarelya. C —_ o~
= IETT]
=z sl How can deconstruction aid search?
B §:u|~" L ts ~'|_“ L Search by chart type, data type, marks, data, ...
E E r—— Similarity search with inexact matching
e {éL B e Query expansion
iy EDl seiimwiein e
= %ZE o
o o) mmimeemer
; [




Takeaways
A chart s a collection of mappings between data and marks
We can reconstruct this representation from chart bitmaps

Such reconstruction enables redesign, reuse and revitalization
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