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3D Models for Accessible Graphics—
Simple Ways to Represent Complex Things

Leona Holloway
leona.holloway@monash.edu
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Introduction
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Presentation Overview
· Monash Uni accessible graphics research
· Why use 3D models?
· Advantages
· Examples
Image: 3D printed jigsaw of Australia with each state or territory (except ACT) as a separate flat piece.
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Who We Are
· Immersive Analytics & sensiLab
· GraVVITAS
· Accessible graphics for VI students in higher education
· 3D printing
· Way-finding
Images: Prof Kim Marriott, Dr Matthew Butler and Leona Holloway
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Why 3D Models?
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Advantages of 3D Models
· Intuitive: "As a totally blind person, I experience the world in 3D."
· Appealing to both touch readers and sighted peers
· Encourages inclusivity
· Increased exploration and interaction with the diagram
· Too small, too large, too delicate, too dangerous, too rare or too valuable to touch

· Graphics or concepts that are inherently 3D 

· Teaching abstraction from 3D to 2.5D (tactile graphics)

Image: 3D printed cathedral (Cattedrale di Santa Maria del Fiore)
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Examples of 3D Models for Accessibility
· Tactile literacy—understanding the relationship between 3D objects and 2D (tactile) representations
· Geometry & 3D shapes for maths, physics, biology
· Land forms
· Maps
· Buildings
· Anatomy
· Information Graphics
Image: Side view of the Sydney Opera House using a tactile graphic and corresponding 3D printed model
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Examples of 3D Models for Accessibility
Images: 

· 3d printed cat made of cylinders, spheres and triangles.

· 3D printed map of the USA with the height of each state representing population density

· 3D printed map of New York city with the twin tower prior to the 911 attack.

· 3D printed inner ear and vestibular system

· 3D printed Tyrannosaurus Rex skull with teeth

· 3D printed walls on laser cut base depicting conference room layout

· 3D printed map of a train station with train lines, walls, seats, pedestrian overpass, stairs, elevators and a kiosk

· 3D printed street map with roads and buildings with doors

· 3D printed topographic map of Mount Everest
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User Study
· Direct comparison of tactile graphics with 3D models for maps of parks (simple) and train stations (complex)
· Findings:
· 3D models preferred
· 3D icons more intuitive (e.g. slide)
· Different strategies required to explore 3D graphics
Images: Park map as a tactile graphic and 3D model. The park has a fence, pathway, trees, lake, seats, slide and monument
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Technologies for Creating 3D Models
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3D Printing—How It Works
FDM (Fused Deposition modelling):
· Printing one layer at a time
· Each layer less than 1mm thick
· Variety of materials
· PLA
· ABS
· Mixes with nylon, wood, metal ... 

Image: Ultimaker FDM 3D printer in action. Map being created on an Ultimaker 3D printer. The print head is moving quickly across two axes. Shapes not yet completed are filled with a honeycomb structure.
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3D Printing—Cost & Availability
· Printer cost $500-$5000
· Material cost $40 per kg
· Cost associated with maintenance
Images:
· Prusa i3 printer with a front display, printing platform, arch and top-mounted filament reel

· MakerBot Replicator Desktop 3D Printer with printing platform inside and enclosed box.
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Laser Cutting
· Precision cutting and engraving of plastics, wood, fabric, leather etc.
· Uses high-powered lasers to cut through flat sheet materials
· $1,000-$20,000
· Uses:
· Relatively flat items such as maps

· Sturdy geometric forms created by joining multiple flat pieces 

Image: Laser cut map of a shopping centre in Hong Kong with raised shops and pathways.
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How To Create 3D Models
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Pre-Existing 3D Models: Thingiverse

· http://www.thingiverse.com/
· Huge open source repository of 3D models
· Collection by ANZAGG (Australia & New Zealand Accessible Graphics Group)
Image: Screen shot from Thingiverse with menu (dashboard, explore, education, create and search) and featured model (3d scanner design that turns your smartphone into a cheap portable 3D scanner)
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[Video demonstrating Thingiverse in use, to be audio described in the workshop.]
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Pre-Existing 3D Models: Library Lyna

· http://www.librarylyna.com
· Small collection of free models designed or selected for vision impaired students
· Biology, chemistry, maths and physics
Image: Screen shot from librarylyna, with menu for "request", "biology", "chemistry", "math", "physics" and "about".
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Pre-Existing 3D Models: 3D Druck Augenbit

· http://3ddruck.augenbit.de
· Small collection designed for VI students
· Mainly maths and geometry
· German
Image: Screen shot from Augenbit 3D Druck, with menu for categories and example geometric models with segmentation and braille labels.
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Pre-Existing 3D Models: Btactile Graphic Metalibrary
· http://btactile.com/
· Search for 3D models and tactile graphics across multiple repositories
Image: Screen shot from BTactile with options to select type of graphics (3D or swell paper) and libraries. Eva Sbaraini (UK), LibraryLyna (USA) and SAWA Yahoo (Japan) are selected.
Image: Screen shot from BTactile with pentagon labelled in braille, Unonoctium atom and double helix.
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Creating Your Own 3D Models
3D modelling software:

· TouchMapper
· Type in an address, choose a scale and size, then download as 3D map with streets, buildings and water
· TinkerCad
· Build a 3D model from basic shapes (and holes)
· SketchUp
· Selva 3D
· Convert from black & white image to 3D
· Many others available but beware of those with a very steep learning curve!
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Touchmapper
https://touch-mapper.org/en/
Image: Screen shot from Touch mapper showing print map and map parameters: Address; printing technology (3D printing or tactile diagram); print size; map scale; and whether to include buildings.
Image: 3D rendering of the same map, with buildings and pathways raised.
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Tinkercad
https://www.tinkercad.com
[Video demonstrating Tinkercad in use, to be audio described in the workshop.]
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Sketchup

· www.sketchup.com/
· Free. Software needs to be downloaded and works best online.
· Draw a 2D shape then extrude. (Good for architecture.)
· Enables exact measurements.
· Slightly more difficult to use but lots of video tutorials available.
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Converting from a 2D Drawing
· app.selva3d.com = Free online conversion from b&w image to 3D model
· Possible uses:
1.
Raised irregular shape, e.g. walls for a floorplan
2.
Variable-height graphs and information graphics, e.g. bar chart
3.
Raised paintings (using rounded edges)
Image: Simplified greyscale version of "The Drover" painting. Trees (thick lines) and sheep (circles) are dark fading to light grey. The drover is black, sitting on a grey horse.

Image: 3D printed version of "The drover" painting. The trees and sheep are rounded. The drover is higher relief than the horse he is sitting on.
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Printing
· Load .stl file into slicer software (specific to printer)

· Position to minimise overhang

· Specify print speed, layer height, fill, supports, brim, etc.

· Print time

· Depends on printer, print speed, layer height, fill & object

· 10 minutes for a braille label

· 6 hours for a handheld object

· 20 hours for large, high quality print

Image: 3D printing with supports. 3D printer halfway through printing shoulders and a head. Tree-like support structures hold up the chin.
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Labelling
· There is even less space for labelling on a 3D model than on tactile graphics!

· This way up

· Braille

· Stick-on or underlay

· 3D printed using braille font (http://www.thingiverse.com/thing:74358) and OpenSCAD

· Screen printing?
Image: 3D printed bust of Albert Einstein, with "Einstein" in braille at the base.
Image: 3D printed topographic map of Australia on a blue base with metallic touch points for islands and braille.
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Labelling

· Audio labels

· Pen Friend

· QR codes

· RFID tags

· electronics

· Verbal description

Image: QR code (grid of black and white pixels)
Image: 3D printed map with audio touch points and braille
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What's Next?
1. 
Vision Australia Kooyong maps

2. 
Bendigo Art Gallery

3. 
ARC grant exploring use of 3D models for accessibility:
· for teaching tactile literacy

· for education materials

· for mobility training

· labelling

Desired outcomes:
· Trial, evaluate and document best practice

· Training and resources for industry partners (you) to produce and use 3D models 

Image: "Conjurer" by Ben Armstrong, a large sculpture of a human-like root.
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For More Information ...
Contact us:
· sensiLab website
· Kim.Marriott@monash.edu
· Matthew.Butler@monash.edu
· Leona.Holloway@monash.edu
http://accessiblegraphics.org/formats/3d/
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