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Abstract

Individuals who lack the sense of sight can use dense of touch or sense of hearing in ordeisoalize their
surrounding environment. Braille is a common mdtfar blind persons to understand text, numberd,eu@n
mathematical equations. There are other known Vianyslind people to see maps or pictures by usitiged lines
and certain textures. In this project, grayscaferisities from black and white photographs arevedad to varying
elevations. A blind person can then feel an okgect have an idea of what the shade of the olgeadta particular
point (m,n). The objective of this research isléscribe a black and white photograph to a blinrdgeusing
elevation in the x-z plane as a way to describeythgscale intensity. The method discovered tsudh a project is
based on using internally developed C++ softwatéckvdefines elevation according to a grayscalenisity
number. The computer generated models have bekmising solid freeform fabrication.

1.0 Introduction

Images affect our everyday lives. Many of us haietures of our loved ones that we treasure. Ristare very
important because they remind us of thoughts or ta@ even help to educate us. A picture of thdaurs, for
instance, might remind us of the beauty of natuneages are very important when a person is reaalingok or a
set of instructions because the image usually etb® on what is being read. Pictures also hetp learn since
many people are more inclined to learn a concefpebley seeing as opposed to reading. Unfortupapelople who
are blind do not have the wonderful privilege oifgeable to see images. This project focuses omyslid
freeform fabrication to create a topological moaliehn image so that a blind person can use thegesef touch to
visualize the picture.

2.0 Background

The study of digital image processing is a fieldtfdy that must be understood in order for onentderstand this
particular project. Topics such as pixels, resoiytand intensity numbers are very important te &xperiment.

2.1 pixels

Images are basically just a rectangular array @édd. Each of these blocks is referred to as @l .pikxhe rows are

referred to as variable m and the columns areneddp as variable n. Since both the rows andthemns start at
zero, we say the total number of rows is M-1 argttital number of columns is N-1 (M and N are ndrooanting

numbers starting at one). Stored inside each pxlery important number, known as the intensitsnber. The
intensity number indicates the brightness of thedshat the point (m,n). Shown in Figure 1 is thsibconcept of

digital images.
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Figure 1 Basic Concept of Digital Images
2.2 image resolution

Notice in the figure above that each pixel is aagqu It is well known that the world is analogtserefore a picture
with all straight lines would not appear as realias a picture with lines that are natural. Tfane in order to
create higher quality images, the rugged edgedseo$quare sections must not be seen to the nakedfesy
mentioned above, the total number of columns isahd the total number of rows is M-1. Resoluti®expressed
as rows x columns (“rows by columns”) so the resotuof the image above would be expressed M-1Xk NFhe
more columns there are in an image, the betterethaution is, thus creating a sharper quality imagssentially,
the basic idea is this: the more rows and colunmesgnt in a picture, the greater the resolutiohlvel

2.3 intensity numbers and shades of gray

Professional photographers have defined 19 diffesleades of gray that range from white all the vealylack.
Each shade is assigned an arbitrary number frdmo@igh 19 according to the standard Kodak graysdalaen
referring to a digital image, intensity numbersaldz®e a particular shade of gray. They can rang@ 0 through
255. The intensity number 255 indicates white tiredintensity number O indicates black. Thesensitg numbers
are for a grayscale such as the one shown bel®igime 2.

KODAK Gray Scale c ’ M

Figure 2 Standard Kodak Grayscale

On the standard scale in Figure 2, notice the $aheM, and B. These stand for average highligtitidletone, and
shadow values (black). The labels serve as agmderfor photographers when reproducing photograpbs the
purposes of this project, A is a 0 shade, M isshade, and B is a 16 shade. The grayscale shawe &bthe
foundation for this project.

The relationship between intensity numbers andehaahbers is described by the equation (1) y s&7&8'%%
The variable x equals the shade number of the atdrifodak grayscale and the variable y is the eg&thintensity



number for that particular shade. Shown belowigufe 3 is an exponential curve of the grayscalalmr versus
the intensity number.
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Figure 3 Grayscale Number vs. Intensity Numbers

2.4 miller's rule

George Miller, a psychology professor at Princdtimiversity, conducted an experiment on the limftthe human
mind to process information. He concluded thaindividual can generally process seven thoughth witolerance
of two (http://www.well.com/user/smalin/miller.htjnl Miller’s rule is important for this project bagse if the
average human can process only a limited numb#oeights then it is logical to have only that numbledifferent
levels of elevation on a model. Any more than sdeeels could make the model more difficult to erstand by a
blind person. Therefore, the limit for the maximammber of elevation levels in this project is defi as seven.

2.5 the voice

There is a product on the market now called “Thé&¥®b This product uses basic windows operatirgew
software in order to turn video images into soufindip://www.seeingwithsound.com/). Basically, ttemputer
makes a noise to indicate the level of brightne#sr{ce indicates black). Glasses have been pealjwehich
appear to be sunglasses but have a web cameraedaamthe inside of them. Also, there are fittitlggt can sit
comfortably in one’s ear canal. The camera takasa@shot once every second which is then senlajot@p. The
laptop is positioned in a backpack which is strapizeone’s shoulders. The software on the laptams the image
and converts the sight to a sound. The level ohdas proportional to the intensity number thatred in that
pixel. The sound is then transmitted to the eaatfittings so that the blind person will be atiehear the sounds.
In this way, blind people claim to have the abitityisualize their environment through their seofkearing. This
is an amazing product that proves how credibledijfieople are when it comes to learning the imptessiBor this
project, a product such as this one is a positiveodery because it proves how grayscale shadeaataally be
interpreted by a blind person.

3.0 Creating Elevation

The objective of this project is to create elevaiinthe z direction based on a picture in theplane. Alternatively
stated, the goal is to add elevation to a pictarthat a blind person can use their sense of ttutdel the features
of that image. The height of elevation is basedhenintensity number, so the level of gray wifieat the height of
the elevation. Shown below in Figure 4 is an tHagon of the objective.
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Figure 4 Objective

4.0 Triangulator Software

Triangulator was originally written by a professiblichael Garland, at Carnegie Mellon Universityhig software
was not quite completed but it was released tgtheic while still in the development stage. Jbdleller, an
undergraduate research student at the Milwaukeedboli Engineering, updated the software and nained
Triangulator. This software was written in the Qgregramming language and its purpose is for temaddeling.
Triangulator is a console application which mednad it does not have a graphical user interfackcefmmands
are given on a command line. Currently Triangulam use an input of two different file types. €8k file types
are bitmaps (bmp) and portable graymaps (pgm). bitheap file must be a 24 bit file. Triangulatbeh outputs a
solid computer generated model in the stereolithplgy file format (.stl) which is the file formatahis understood
by solid freeform fabrication systems. Shown bekigure 5 is a diagram showing a basic overviethef
Triangulator software.

A 4

A 4

Figure 5 Basic Overview



4.1 portable graymap files

The user can input a portable graymap file (.pgry Triangulator. A portable graymap file is araige file
viewed on the most fundamental level. That isphthe intensity values of an image are listed matrix form.
Shown in Figure 6 is the general format of a pdetgvaymap file.

P2 Width Height MaxValue
XXX XXX XXX XXX XXX XXX XXX
XXX XXX XXX XXX XXX XXX XXX
XXX XXX XXX XXX XXX XXX XXX
XXX XXX XXX XXX XXX XXX XXX
XXX XXX XXX XXX XXX XXX XXX
XXX XXX XXX XXX XXX XXX XXX

Figure 6 General Format of a PGM File

P2 indicates that the file type is a portable gragmWidth and Height values correspond to theluéisn. The
MaxValue is 255 since a portable graymap is baseithe standard intensity range. Each value irptreable
graymap file varies in the range of O through 288 each line is no more than 70 characters lomgmFa portable
graymap file, Triangulator will interpret each ingty number and assign a height value to eacH.pixe

4.2 stereolithography file format

The stereolithography file format (.stl) is a fortrtiaat uses triangles to create a computer genksal@ object.
This file is either in the ASCII or in the binargrfnat. This is the input file format for Rapid Rityping machines,
so ultimately any objects that are intended tofoelppced on such a machine, must be in the stidii@mat. With
complex figures, computers sometimes generaterizatytes. There is a rule referred to as “theesetd vertex
rule” that must not be violated. This rule statest all adjacent triangles must share two comnestices
(http://www.sdsc.edu/tmf/Stl-specs/stl.html). Thegtex to vertex rule is illustrated below in Figuf.

Figure 7 Vertex to Vertex Rule

If this rule is violated and bad triangles aregrated, software called RP Magics can be usedrongite the bad
triangles. A solid object cannot be produced bgmd prototyping machine until the bad triangkuis has been
resolved.

4.3 bitmap files

As mentioned, Triangulator can use a bitmap filefiput. This is a 24 bit bitmap file which meahat it is in
color. It uses RGB color which corresponds to grden, and blue. This type of a file uses thifferént intensity
numbers for each color (red, green, and bluejakks intensity mixtures of these three colorsrdeoto formulate
any color in the rainbow. Shown below in Figuris & demonstration of how to visualize a Bitmae. fil
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Figure 8 RGB color in a Bitmap File

If there are three numbers then how does Triangulege these three numbers to define a single treighst,
Triangulator Bitmap will extract the three integsitumbers from the three dimensional matrix andaye them
together. Since this average is the equivaletit@firayscale intensity number, Triangulator wslsign height to
each pixel using this number.

4.4 how triangulator works

Triangulator creates a computer generated solidemeging intensity numbers from an image in theplane.
These intensity numbers are inversely proportibtm#the height of elevation. That is, the intensitynber 255 is
white and is at the lowest elevation. The intgnsitmber 0 is black and is at the highest elevat®hown in
Figure 9 is a basic illustration of how Triangulaéssigns height using an intensity number.
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Figure 9 How Triangulator Assigns Height

4.5 intensity ranges

As mentioned earlier, Miller’s Law states that artaun can remember an average of seven thoughtsefore
Triangulator is limited to seven different levatstead of the 256 different levels that are usedeimain modeling.
With too many levels, a photograph model does ggf gonfusing; not to mention that the naked eymoatell the
difference between an intensity number of 37 anihamsity number of 7. These two intensity nurshiadicate a
grayscale shade of black. Therefore, two diffesmts of ranges have been defined in order to eEm®@ximum
quality models.

The first set of ranges is for general photographsis set of ranges focuses detail on the lighteas of the
photograph and assigns the darker areas to oneolegkevation. In most cases, the general rangeksvperfectly.
The second set of ranges is for darker photografbsne images that contain a majority of darkedshar the
focus of the photograph is in the darker areas the dark intensity range should be used. Ifea issunsure of
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which range to use then a trial and error methadishbe implemented and the model of the leastiddtauld just
be discarded. Shown below in Figure 10 is thenisitg ranges.
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Figure 10 The Intensity Ranges

5.0 Solid Freeform Fabrication

Solid Freeform Fabrication (SFF) is an additivegess by which an object is built, layer by layeoni the bottom
to the top. A SFF system takes slices of a sti#hegiraphy file, which is a solid computer genedateodel. These
slices are then added, one at a time, to the negutiodel. In this way, objects with unique geomestcan be
produced precisely and accurately. In this projgcee models were created using this methoduidation.

6.0 The Models

Shown in Figure 11, Figure 12, and Figure 13 isetmodels and their corresponding black and whiteqgraphs.
One flaw in the models, at the time of fabricatiasas that they were mirrored images of the pictiRecently, this
problem has been resolved; however no actual mba@eis been built.

Figure 13 Tree

Figure 11 Playing Card Figure 12 Ghost Town

7.0 The Experiment

An experiment was conducted with a blind personjikdyers, who used these models in order to tryisoalize
the photograph. The first model that he tried tisplaying card. He was able to feel the clubygtshape) and
the backwards number nine. Kevin needed no himtthfs simple model. The second model was a biem
difficult for Kevin. This model was the tree. Ttree was much simpler for him to visualize aftemas given a
one word verbal hint: “Tree”. The third model vias ghost town and this one was very difficult kavin since it
had such very fine detail. Kevin needed many hiitk this model since it had such complex levélslevation.



8.0 Conclusion

Models of grayscale photographs can be made usiityfseeform fabrication and these models can $eduo
describe the photograph to a blind person. Furtiaifications could be made to these models ieiota give the
blind person an idea or a hint as to what the grafuh is.

9.0 Future Work

In the future, one problem that could be resolgetthat some complex images cannot be visualizeailidind
person. In order to solve this problem, one mag#ign a texture to shadows. In this way, a lpieison can feel
the texture and know that it is only a shadow. sTill offer a second cue to the blind person. edand solution to
more difficult photographs is to add Braille to tinedel so that the blind person will have a hinteaghat the
object is. A third solution to the complex photagih issue is to add an electrical circuit thatow@red by a small
watch battery. This circuit would be activatedtbg person’s touch and would sound a speaker thaldwsay a
short hint so that the blind person would havedaaiof what they were feeling.

Also, the subject of geometric figures is relatedhis topic. If there is an image of a geomdigare, that figure
may cast a shadow depending upon where the ligittseads placed. Using elevation to show shadésisn
situation is not an effective way to portray thipd of an object to a blind person. Therefore abject would need
to be made three dimensional so that a blind persald actually hold it. There is much room fompiravement
regarding this study.
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