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Paul Murrell Vector Image Processing

Problems and Solutions

The problem:

� The map is pretty, but annoying.

� Easy to find“Statistics”, but hard to find building 303.

The solution:

� Use R to convert the original static PDF into an interactive
SVG document.

PDF R SVG
(static) (interactive)

grImport gridSVG

� Mouse over 303 and all instances of 303 on the map are
highlighted.
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SVG Campus Map Demo

SVG Campus Map Demo
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The grImport package

PDF R
(static)

grImport

� Convert original image to PostScript (e.g., pdftops).

� Convert PostScript to RGML.

PostScriptTrace("city.ps", "city.xml")

� Read RGML into R object.

city <- readPicture("city.xml")

� Draw R object.

grid.picture(city)
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grImport version 0.5



Paul Murrell Vector Image Processing

University of Auckland Campus Map

2
6

2
4

2
2

2
5

1
9
A

1
8

1
6

16

18

15

9

17

1 - 11

8

2
4

1
3

5
7

9

2
3

18

20
-2

6

15

187

5

3a

3

3

16

14
12

10

6

2

11
9

7

5

3

1

25

16

8
1
0

1
2

16

74

16

27

76

67

73

70

58

26

40

24

23

38

36

34

17

11

5

22

20

14

20

49

KITCHENER ST

EMILY PL

E
M

IL
Y

P
L

EDEN CRES

BOWEN
AVENUE

B
O

W
E

N
L
A

N
E

SHORT
STREET

W
ATER

LO
O

Q
U
A
D
R
A
N
T

PARLIAMENT
STREET

ALFRED

STREET

G
R

A
F

T
O

N
R

O
A

D

S
Y
M

O
N

D
S

STR
EET

P
R

IN
C

E
S

S
T
R

E
E

T

E
D

E
N

P
R

IN
C

E
S

S
T
R

E
E

T

B
A

N
K

S
ID

E
S

T

CITY RD

A
IR

E
D

A
L
E

S
T

MOUNT STREET

B
E
A
C

H
R

O
A

D

A
N

ZA
C

A
V
E
N

U
E

A
N
ZA

C

AVEN
U
E

A
LTEN

R
O

A
D

SHORTLAND STREET

C
RE

S
C

E
N

T

GRAFTO

N

O
R

A
D

KARI STREET

LOWER
DOMAIN

DRIVE

S
TA

N
LE

Y

S
T
R

E
E

T

G
R

A
F
T
O

N
M

E
W

S

W
E

L
L
E

S
L
E

Y
S

T
R

E
E

T
E

A
S

T

ST PAUL ST

S
Y
M

O
N

D
S

S
T
R

E
E
T

G
R

A
F

T
O

N

R
O

A
D

W
H

ITA
KER

PLA
C

E

W
H

IT
A

K
E

R

P
L
A

C
E

W
A

K
E

F
IE

L
D

S
T

W
Y
N

YA
R
D

S
TR

E
E
T

G
rafton

Bridge

ST
M

A
R
TIN

S

LA
N

E

P

P
36

P
26

P
15

P
7

P
7A

P
5

P
1V

P
40

P
6

P
10

P
14

P
20

P
20

P
21

P
24

P
4

P
2

P
18

P
29

P
P
9

P
3

P
15A

P
15B

P
16A

P
20A

P
20B

Student
Service

Staff
Service

P
16 1616

1616

1616

1616

618

619

3
2
2

Th
om

as
Bld

g.

114

102

124124

118118

125

107

123123

105

132

135

110

250

223

214

241

212
212

215
215

216
216

207

219

260

273

274

275

220

240
246

106

120

121

802

804

801

810

803

820

104

315

201

109

103

313

312

311

301

314

401

402

404

421

225

226226

253 255

25
1 252

206

408

Law

Maclaurin
ChapelGeorge Fraser

Gallery

Old
Government

House

Old
Government

House

Lodge

Kenneth Myers
Centre

Newman
Hall

Fisher
Building

University
House

Alfred Nathan
House

Alfred Nathan
House

General
Library

Old Choral
Hall

Biology

Human
Sciences

Fale Pasifika ComplexFale Pasifika Complex

Owen G Glenn Building

Arts 2

Arts
1

Marae

Maidment

Ka
te

Ed
ge

r

In
fo

Co
m

m
on

s

St
ud

en
t C

om
m

on
s

Ela
m

B

Recreation
Centre

Music

31
1

303

Science
Centre

Science
Centre

Engineering

403

409

422

423

410410

431

432

614

435

60
1

60
2

60
3

International
House

O'Rorke
Hall

Fine Arts

Conference
Centre

Architecture

433

438

439

436

'No.14' Flats

The ClockTower

805

119

UniServices
House

UniServices
House

620

113113

122

SCALE0 200m

north

W

S

E

to
Ep

so
m

Cam
pu

s

ALBERT

PARK

ALBERT

PARK

600

800

100 sector100 sector

200

300

400

400

600

AUCKLAND CITY HOSPITALAUCKLAND CITY HOSPITAL

to
M

o
to

rw
ay

N
o
rt

h
&

W
e
st

to
M

o
to

rw
ay

S
o
u
th

to
G

ra
ft

on
C

am
pu

s

fr
o
m

M
o
to

rw
ay

N
o
rt

h
&

W
e
st

fr
o
m

M
o
to

rw
ay

S
o
u
th

to Grafton Campus

Arts

Business & Economics

Creative Arts & Industries

Engineering

Law

Science

Theology (School of)

201

260

423, 421

402

801

301

804

Directory

Lecture Theatres

Libraries
Faculty Offices
and Student Centres

1 Wynyard Street (01Wyn)

58 Symonds Street (58Sym)

Architecture (ALR)

Arts 1 (Arts)

Arts 2 (C303)

Biology (BLT)

Cell Biology (CMBioLT)

Chemistry (Chem)

ClockTower (ClockT)

Commerce A (CA)

Conference Centre (Conf)

Engineering (Eng)

Fine Arts (FA)

Fisher & Paykel Appliances Auditorium

(FPAA)

Geology (Geol)

Human Sciences (HSB)

Law (Algie, Northey, Stone)

Law (Small)

Library (Lib)

Mathematics (MLT)

Music (M)

Newman Hall (NH)

Old Choral Hall (OCH)

Old Government House (OGH)

Owen G Glenn Building (FPAA, OGGB,

260.098)

Physics (PLT)

Statistics (SLT)

240

435

421

206

207

106

110

301

105

114

423

401, 403

432

260

301

201

801

803

109

303

250

805

104

102

260

303

303

Architecture

Audio Visual

Engineering

Fine Arts

General Library

Law (Davis)

Music

423

206

402

432

109

802

250

Academic Services

Accommodation Services

Accounting & Finance, Dept of

Acoustics Research & Testing Service

Admission & Enrolment

Advancement Office

Alfred Nathan House

Alumni Relations

Anthropology, Dept of

APEC Study Centre

Applied Language Studies & Linguistics, Dept of

Architecture & Planning, School of

Art History, Dept of

Arts 1 Building

Arts 2 Building

Asian Studies, School of

Auckland Bioengineering Institute

Auckland International

Auckland UniServices Ltd

Auckland University Press

Auckland University Students’ Association,

AUSA

Biological Sciences, School of

Biology Building

Business School

Business Law, Research Centre for

Business School Computer Laboratories

Cafeterias, cafes

Call Centre

Campus Life

Campus Recreation

Careers Services

Cashiers

Catholic Tertiary Centre

Centre for Academic Development

Chapman Archive

Chemical & Materials Engineering, Dept of

Chemistry, Dept of

Childcare Centre

Civil & Environmental Engineering, Dept of

Classics and Ancient History, Dept of

Commercial Law, Dept of

Comparative Literature, Centre for

Computer Science, Dept of

Communications and Marketing

Conference Centre

Confucius Institute

Continuing Education

Counselling

Creative Arts & Industries, National Institute of

Custodial Services

Dance Studies

DELNA

Development Studies, Centre for

Disability Services

Drama Theatre

Economics, Dept of

Education (Liberal Arts Programme)

Elam School of Fine Arts

Electrical & Computer Engineering, Dept of

ELSAC

Engineering Science, Dept of

English, Dept of

English Language Academy

Environment, School of

Equity Office

European Languages & Literatures, School of

Examinations

External Relations

Facilities Management

Fale Pasifika Complex

Film, Television & Media Studies, Dept of

Financial Services

Fine Arts, Elam School of

Fisher Building

Food Science Programme

Forensic Science Programme

French, Dept of

George Fraser Gallery

General Library

Germanic & Slavonic Studies, Dept of

Graduate Centre

Graduate School of Enterprise

Grounds Maintenance

Gus Fisher Gallery

Health & Wellness Manager

Health Services

History, Dept of

Human Resources

Human Sciences

Building

ID Card Centre

Information

Commons

Information Systems

& Operations

Management,

Dept of

International

House

International Relations

Office

105

614

260

422

105

135

103

135

201

260

804

421

207

206

207

207

439

104

439

810

322

106, 110, 118

106

260

801

260

201, 260, 312, 315, 401, 801

105

105

314

105

105

805

438

220

401

301

241, 410

401

240, 246

260

206

303

804

423

260

810

315

250,

421-423, 431-433, 820

201

421, 820

804

201

105, 314

206

260

804

113, 431-433

301, 303

315

439

206

619

201, 301

119

206

105

135

201

273-275

207, 820

620

113, 431-433

804

301

301

206

132

109

206

119

260

120-122

820

103

315

214, 223

103, 810

201

105

315

260

601-603

103

iSPACE (for international students)

IT Services, ITS

Italian, Dept of

James Henare Maori Research Centre

Kate Edger Information Commons

Kenneth Myers Centre

Key Control, Access Control, 11 Wynyard St

Language Laboratories

Law, School of

Lecture Theatre Management Unit, LTMU

Legal Research Foundation

Library, General

Lippincott Cottage

Lodge, Old Government House

Maclaurin Chapel & Chaplains

Maidment Theatre, Studio

Maintenance Workshops

Management & International Business, Dept of

Maori Material Culture Workshop

Maori Studies, Dept of

Marae

Marketing, Dept of

Mathematics, Dept of

Maurice Wilkins Centre for Molecular

Biodiscovery

Mechanical Engineering, Dept of

Mediator’s Office

Musgrove Studio Theatre

Music, School of

Muslim Prayer Room

Newman Hall

New Start

New Zealand Art Research & Discovery,

Centre for

New Zealand Asia Institute

New Zealand Leadership Institute

Nga Pae o te Maramatanga (National Institute of

Research Excellence for Maori Development and

Advancement)

'Number 14' Student Flats

Old Choral Hall

Old Government House

O'Rorke Hall

Owen G Glenn Building

Pacific Studies, Centre for

Pharmacy

Philosophy, Dept of

Photographers

Physics, Dept of

Planning & Quality Office

Political Studies, Dept of

Polymers & Coatings Science Programme

Portables Plus

Post Office Agency

Property, Dept of

Property Services

Psychology, Dept of

Recreation Centre

Research Office

Retail Facilities

Scholarships & Financial

Support

School of Graduate Studies

Schools Partnership Office

Science Centre

Security

Shared Services

Short Courses

Sociology, Dept of

Spanish, Dept of

Staff Common Room

Statistics, Dept of

Strata, Postgraduate Commons

Student & Information Services

Student Central

Student Commons

Student Financial Support

Student Information Centre

Student Learning Centre

Student Records & Graduation

315

260, 409, 435, 438

206

225

315

820

201

206

801-803

260

801

109

118

123

107

313

201

260

226

226, 253

251-253

260

303

110

401

438

313

250, 804, 820

301

805

810

421

260

260

253

436

104

102

614

260

273

315

207

438

303

103

212, 215-216, 220, 408

301

315

315

260

620

201

314

438

311, 315

105

119

119

301, 303

201

105

260

201

206

102

303

315

105

311

315

105

105

315

105

CITY

Student Recruitment &

Course Advice

Student Union

Students’ Association, AUSA

Te Kohanga Reo

Tertiary Foundation Certificate

Programme

Television

Theology, School of

Thomas Building

Translation Studies, Centre for

Transport

Tuition Fees

Unisafe

UniServices

University Bookshop

University Careers Services

University Health Services

University House

University of Auckland

Foundation

University of Auckland

Society

Vice-Chancellor’s Office

Werry Centre

Women’s Studies

119

311-312

322

255

206

438, 820

804

110

206

201

105

201

439

315

105

315

135

135

135

103

618

201

P

P
18

Security

Access Parking

Bus Stop, city service

City-Tamaki Bus Stop

Staff Parking, area no

Visitor Parking

Underpass

Information Desk

Security Control Room

11 Wynyard Street

Phone 3737-599

ext 85000

UNISAFE

Geo-graphics Unit, School of Environment

© The University of Auckland, February 2010

GU0812



Paul Murrell Vector Image Processing

Importing and Drawing Text with grImport

� There are several PostScript commands for drawing text:
/show, /ashow, /widthshow, and /awidthshow.

� grImport only used to support /show, but now supports the
others as well.

� Also improved import of line width and style.
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Paths versus Polygons

A bus as a path
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The bus outlines The bus as a polygon

� The new grid.path() and polypath() functions can draw
complex paths.

� grImport now makes use of grid.path() and polypath().
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grImport version 0.7
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University of Auckland Campus Map
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Taking Stock

PDF R SVG
(static) (interactive)

grImport gridSVG

� We can now go from PDF to R and on to any format that R
can produce.

� Our goal is PDF to R to SVG.

� We could use svg() (on Linux or MacOS X), or the Cairo
package (on Windows), but that will only produce static SVG.

� Using gridSVG instead offers the option of adding
interactivity as well.
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The gridSVG package

R SVG
(interactive)

gridSVG

� Draw something with grid (or lattice or ggplot2 or ...)

� Make picture dynamic and/or interactive.

grid.animate()
grid.garnish()
grid.hyperlink()
grid.script()

� Export to SVG.

gridToSVG()
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gridSVG version 0.5
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Producing text and lines with gridSVG

� gridSVG now has support for paths.

� Also improved export of text (size and orientation) and lines
(width and style).
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gridSVG version 0.6
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University of Auckland Campus Map
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Adding interaction

The plan:

� Process the components of the map, find all instances of text
that represents a building number and add a semitransparent
rectangle over each one.

� Add javascript code to the SVG file so that the rectangles are
shown when the mouse hovers over them.
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Adding interaction

� The imported map consists of many different objects.
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Adding interaction

� The imported objects contain all of the information that we
need.

> city@paths[[800]]
$text
An object of class "PictureText"

Slot "string":
string
"303"

Slot "bbox":
[1] 2700.14 4338.37 2777.31 4373.56

� Finding building names is just a regular expression.

bldgName <- "^[0-9]{3}$"
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Adding interaction

grid.picture(city, FUN=embellishLabels)

embellishLabels <- function(object, ...) {
if (class(object) == "PictureText" &&

grepl(bldgName, object@string)) {
rg <- rectGrob(x=object@bbox[1], ...

name=paste(object@string,
suffix))

tg <- garnishGrob(grobify(object, ...),
onmouseover="rect_on(...)",
onmouseout="rect_off(...)")

gTree(children=gList(tg, rg))
} else {

grobify(object, ...)
}

}
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Adding interaction

grid.script(filename="highlight.js")

� The javascript code searches for all instances of the building
number and makes them visible.

function rect_on(name) {
for (i = 0; i <= 10; i++) {
path = document.getElementById(name + i);
path.setAttribute("visibility", "visible");

}
}



Paul Murrell Vector Image Processing

Interactive SVG Campus Map
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SVG Campus Map Demo

SVG Campus Map Demo
building ranges
other map icons
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Conclusions

� R is better at drawing complex paths.

� grImport is better at importing text and lines and paths.

� gridSVG is better at exporting text and lines and paths.

� These tools can be used to import an image, process it to add
interactivity and export the result as SVG.

� The processing of the original map has been programmed, so
it can be reused (e.g., there is a Tamaki campus map for
Auckland) and generalised (e.g., there is a Warwick
University campus map).

� The idea also generalises to many other possible images and
transformations.
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Warwick Campus Map Demo

Warwick Campus Map Demo
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