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CHAPTER 1

1.1 INTRODUCTICN

The use of computers in education and training of the
handicapped in the United States has been increasing in the
last several years. OQur research indicates little has been
done with computers to aid the deaf individual. The most
productive group seems to be the New York Technclogical
Institute for the Deaf. However, much more can be done to
provide the deaf with 1linguistic help via media involving
computers. There is a need to teach deaf children
especially the very young deaf c¢hild and his/her parents a
signing system. This form of education or training is
amenable to the application o¢f drill and practice using a
graphic computer system for display of the signs. However,
there is no appropriate notational system presently
available in which to express the positions and movement of
the finger-hand placement in the Computer production eof
these signs. The development of a notation that may be
easily used with most common Computer Graphic Systems for
the production of manual signs is the general goal ¢f the
Mastert*s Report.

The terms manual symbol, sign language,
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finger-spelling, and symbols are used frequently in this
paper. The manual alphabet is the hand formation of the
letters in the alphabet, While symbols are used to refer to
a sign that may be created using the hand in the ~formation.
Sign language consists of visible movements of the hands,
many which have derived from natural gestures. Finally
finger spelling differs from signing in that it is used
when a sign is unavailable. In such case the word is "finger

spelled™ using the manual alphabet for the deaf.
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1.2 BACKGROUND

In spite of the progress made towards acceptance of
handicapped individuals, the deaf generally are known to
only a few "outsiders®™. The deaf are largely excluded by
their communication handicap from ordinary society, and tend
to group together and form their own community within the
wider society (Furth, 196€). Among themselves the deaf
communicate in the "language of signs", a system of
conventional manual symbols supplemented by some finger
spelling. Sign language is not a dialect form of English or
any other language. Sign language a3 used in the United
States may be traced to manual symbols introduced from
France in 1816 at the time when the first United States
schoocl for the deaf was founded at Harvard Connecticut.
Sign language iz no longer taught in most schools but
acquired by the deaf child in associations with other deaf
Persons. Sign language is considered to be a living language
in that it fulfills the primary function of language,
providing communication,

For two reasons we decided to work with the manual
alphabet instead of signs. The first reason is the fact the
manual alphabet must be used whenever there is no symbol to
represent the chosen word. Additionally, our research
indicates that all but a few of the most simple terms

involved in computing must bes finger spelled. Seccndly, the
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manual alphabet is smaller and has more constrained graphic
problems. The manual alphabet has 26 symbols expressed by
the hand.

The literature provided only two graphic notations that
are used to represent human movement. These two graphic
notation systems are Eschkol-Wachmann Movement Notation and
Laban Movement Notation (LABANOTATION). The major problem
with these two notations is that they do not describe in
detail finger and hand movement. Therefcre, we were forced
to either extend one of the existing systems or create a new
notation, After examining the existing systems
(Eschkol-Wachmann and Laban) it was determined that a new
notation was appropriate.

The major emphasis of this paper is the presentation of
a graphics notation and the preliminary design of a medel
which will represent the manual alphabet of the deaf. The
graphic notation was designed to ease understanding and use
by both the Computer Scientists and individuals who work
with the deaf, The graph on which the notation is placed was
designed to look similar to a table where each finger is
represented as a column in the table and each segment (part)

of the finger is represented by rows of the table
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1.3 OVERVIEW OF THE REPORT

In the next chapter, a general background explains the
problems of the deaf,fcllowed by potential advancements for
the deaf and potential advancementz for computer science.
One of the advancements for the deaf is the acquisition of 2
new tool, which will help them learn signs. This tool may
also be considered a basice building bloeck to development of
verbalization by the deaf c¢hild. Advancements for computer
seience could include research of a new field, evaluations
of two existing notations ~for representing human movement
and a new computer-compatable graphic notation to represent
human movement.

Chapter 3 presents two existing graphic notations and
evaluates their deficiencies for the needs present in our
work.

Chapter 4 contains the new notaticn capable of
representing the manual alphabet with characteristics which
lend it to computer translation, Included in chapter four is
a series of figures which represent the hand in a formal
manual representation, the notation in table form, and the
suggested computer representation of each letter in the
manual alphabet.

General implementation of the manual alphabet including
a example of the letter B, is discussed in chapter 5.

The concluding chapter of the sbtudy evaluates the
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results and gives direction for future work.
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CHAPTER 2

2.1 PROBLEMS OF THE DEAF

Because deafness is an invisible and almost unnoticable
disability which manifests itself mainly 1in the failure to
communicate, hearing people can not readily understand the
effects of the handicap, Profound childhood deafness. More
than a medical diagnosis, it is a cultural phenomenon in
which social, emotional,linguistic and intellectual patterns
are bound together. The diagnosis immediately plunges
parents and children into a pctential conflict between the
exclusive use of muffled or non-existant sounds and the
exclusive use of auxiliary visual gestural signs. From our
vantage point, parents and professionals must consider the
optimal growth patterns c¢f the deaf infant from diagnesis to
adulthood, if they are to provide him with the key
ingredient in the developmental process, i.e. communication
with others. For the deaf infant meaningful and joyful
communication does not evolve naturally and without conflict
as it does in hearing infants. If the deaf child has normal
hearing parents they may find his handicap difficult to
accept. Their eofforts to mold their child into their image
may cause a negativism that focuses on the very skills the

parernts are zost arxious to encourags: speech, lipreading,
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and (native) language development.

Cognitive retardation and psychological maladapation
remains frequent among deaf children and adults, the core of
these difficulties may lie in the absence of gratifying
reciprocal communication with the family during the deaf
cnilds early years. A lack of meaningful language in the
early years may contribute to low school achisvement cof deafl
students. The biclogically approprizte time for learning a
first language is before the age of three. In this "eritical
period®™ the infants intelligence blossoms in symbol
formation (Furth 1966). During this "critical period"
language and cogrnitive development are acquired easily. If
the critical peroid has passed, then language acquisition is
much more difficult. psychologists stress the importance of
the first few years of 1life for cognitive development and
language acquisition. Many deaf children do not receive any
language training until the age 6 when they are placed in

schocl,clearly this is too late to fall within the eritiecal
period.

Although deaf children are usually ;urrounded by
hearing perscons in their homes and in their
neigkborhoods,generally their schoolmates are also deaf,
The language of manual signs is seen by the hearing
compunity as the hallmark cf a deaf person., While sign

larguage is known by almost 311 deaf adults it Is oftec
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prohibited to deaf children. It is then learned
surreptitiously froum peers and quite frequently hidden from
hearing adults. This ban against a potentially helpful means
of communication emanates for a pervasive fear that the use
of signs will inhibit the develoment of apeech and
lipreading skills as well as oral skills which are seen by
hearing parents as the badge of entry into their world - THE

HEARING WORLD.
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2.2 POTENTIAL ADVANCEMEHTé FOR THE DEAF INDIVIDUALS

Instead of being feared, the use of signs should be
encouraged at a very early age(Brill,1974). The use of signs
by the deaf child helps him/her to acquire the basic
language bhuilding blocks. The normal hearing c¢hild
understands his mothers verbal communication long before he
himself can verbalize. How can the deaf child be expected to
acquire speech and 1lip reading without prior linguistie
acquistion?

A computer compatible notation for manual signs will
give the deaf child a tool ¢to help him acquire the manual
alphabet as a first step to evantual verbalization.
Verbalization should be the ultimate goal but we should not
expect the deaf child to verbalize without acquisition of
the basic linguistic building blocks. The system will help
the deaf child's family and other hearing adults in that
they will be able to learn a communication tool for use with

the deaf individual.
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2.3 POTENTIAL ADVANCEMENTS FOR CCMPUTER SCIENCE

Iin the researcn area of Computers and the Deaf,
research shows The New York Technical Institute for the Deaf
is the most productive group. John Vonfeldt seems the most
productive member of the group, as he has published 3 papers
in the area of Computers and the Deaf. The first describes
a Computer Assisted instruction program which used
instruction which used phonetic or diacritical markings for
students to learn to speak more clearly. The procedure they
used was similar to the use of a phonetic dictionary to aid
the deaf individual in speaking. The Computer was used to
keep track of the students progreas, The second paper
described a Computer Assisted Instruction course in basic
business rules and procedures. The third paper dealt with
the developmental of a prototype system designed to merge
the strengths of computer-assisted instruction,data
gathering,interactive learning with color and audio features
of television. The Creation of the prototype was to allow
testing of both television and interactive computer assisted
instruction strategies in auditory and speech therapy. An
other paper from The New York Technical Institute for the
Deaf was written by Walter Geard and John Vonfeldt. This
paper compar=d two methods of English instruction for adult
deaf students. The methods where Computer Assisted

L S

Instructicn and normal olassrocn  environment. The results



Page 12

indicated that there was no 1learning result differences in
the two methods, the authors, however, stated this was
probably due to a design fault in the experiment.

The only other relevant article discovered the
literature search that dealt with Computers and the Deaf was
authored by Benet Freund who was the project director for
the Minnesota school for the Deaf. In his paper,he described
the type of computer asssisted instruction available at The
Minnesota School for the Deaf. The work done by the New
York Technical Institute for the Deaf and by Freund are all
aimed at computer instruction for the deaf adult. The work
we are doing is aimed at a more fundimental level that of
the deaf child and his family.

The work described in this paper makes three
contributions to Computer Science, The first of these
contributions is a search of the literature on computers and
the deaf. The asparsity of literature peints out the need
for additional studies in the area of Computers and the
Deaf. The second contribution is the evaluation of the
deficiencies of the existing notational systems for
representing human body positiorn and movement as is demanded
for the representation of the manual alphabet and the third
contribution is the development of a new graphic notation
for use with the fingers and hand. This could be used with

any application which requires graphic representatiou of tue
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fingers and hand.
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CHAPTER 3
3.1 INTRODUCTION

The two notations are described in section 3.2 and 3.3
they are Laban Movement Notation and Eschkol-Wachmann
Movement Notation. An evaluation of these systems are
described in 3.4.

We searched for a graphic System capable of
representing human movement. To this end twe existing
systems for representing human movement were discovered.
They are Laban Movement Notation (also know as Kinetography)
and Eschkol-Wachmann Movement Notation. The following list
represents the capabilities we wanted from a notation.

1. Capability of representing movement.

2. Capability of representing finger movement.

3. Ability to change positions of various parts
of individual fingers.

4, Ease of understandability to both Computer
and lay people.

5. Poasibility of computer implementaion.
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3.2 Labanotation

The labanotativa is bLased upon an abstraction of the
structure of the human body. The basic elements of this
abstraction are the individual joints and extremities of the
body. Figure 1 shows an illustration of Labanotation. The
essential task of labanotation is to describe the positions
and trajectories of a set of points in space. The position
of each joint is specified with respect to a cross of axis
which defines a rectangular coordinate system.

Movement may be expressed by using 5 types of
~description:

(1) direction signs

(2) revolution signs

(3) facing signs

(4) contact signs

(5) shape deseriptions

The direction signs describe the translation of the
Jjoint while the revolution signs allow for description of
various forms of rotational movement 1like turning or
twisting. Facing signs involve the -establishment of an
orientation of some point om the surface of the body part
while contact signs indicate contact of the body parts with
other body parts or the floor. Finally shape descriptions
are used to describe the tracing of a path or formation of a

shape by some body part.
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Labanotation uses abstract symbols to indicate various
parts of the body. This is shown in figure 2.
Figure 3 illustrates the basic organization of the

staff into columns and the structure of the direction

signs.
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Figure 2. SYMBOLS IN LABANOTATION



LABANOTATION BASICS
Directions are indicsved by the shape of symbol:
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Timing is indicsted by the relative length of the symin]:
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Figure 3. THE BASIC'S OF LABANOTATION
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3.3 ESCHKOL-WACHMANN NOTATION

The structure of the human body is abstracted somewhat
differently in the Eshckol-Wachmann notation (see Figure
4). While Labanotation views the body as a set of joints
connected by limbs, Eschkol-Wachmann Notation views it as a
set of 1limbs connected by Jjoints. Where each 1limb has
associated with it a longitudinal axis. The orientation of
the longitudinal axis is determined with respect to a
rectangular cross of axis, however, it is not as flexable as
labanotation.

In the Eschkol-Wachmann notation, there is a law of
light and heavy limbs. This law states that when a given
limb moves it carries along 1limbs which do not lie between
it and the support of the entire body. For example, when
the body is standing on both feet, movement of the right
upper arm implies movement of the entire right arm as a
rigid body unless movement of the forearm is specifically
stated. The usual mode of description is similar to those
expressed by labanotation. The following are movements
which can be used in the Eschkol-Wachmann notation:

1. Longitudinal movement

2. Plane movement

3. Curved movement

Y, Specific description

Longitudinal movement refers to the type of movement a
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Figure 4. ILLUSTRATION OF ESCHKOL-WACHMANN MOVEMENT NOTATION
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limb can make about its longitudinal axis. Plane and curved
movement are both formed when the lungitudinal axis sweeps
out a curved surface. The difference is that the plane
movement is achieved by moving at right angles to the axis
while the curved movement is achieved by moving at an acute
angle to the axis of movement. Finally, movement may be
defined by specifying the position a2 limb is to assume.

fhe alternative approach to movement description deals
with how the body concentrates its energies ({(effort
qualities). Effort qualities can be described in terms of
the combinations of the following four parameters:

1. Tension flow

2. Weight
3. Time
y, Space

Tension flow describes the boundedness of movement.
The weight parameter describes a quality of lightness or
forcefulness with respect to the build of the body. The
time parameter indicates the duration of the movement, i.e.,
sustained or sudden. The final parameter space deals with
the spatial focus of movement, to indicate whether it is
directed to a single focal point or indirectly divided among

many foci.
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3.4 EVALUATION OF THE TWO EXISTING SYSTEMS.

1.

Neither system deals with movement of fingers of

the hand

The use of symbols results in a system where the
diagram of desired movement is difficult _ to
understand, it thus impedes implementation in a
graphical system as it often <forces the user to
reference a symbol chart to decode or encode the

meaning of a symbol.

When forming the letters of the manual alphabet,
only one hand=-finger combination is used.
Therefore, we need not be concerned, at this time,
with the body. Future extensions of our new system
may need signs to ineclude body movement when
forming the more complicated manual symbols of the

deaf.

Eschkol-Wachmann notation and Labanotation are
concerned with the orientation of the hand. For
our purposes the hand always faces the viewer and
takes on two positions within that orientation,

upright and on its side.
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5. Timing is not relative to the formulation of

manual aiphabetic signs.
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CHAPTER 4
A NEW NOTATIONAL SYSTEM

4.1 INTRODUCTION

The system developed is different from Eschkol-Wachmann and
Labanotation in that it is directly concerned only with
finger-hand movement. The second major difference is that while
the other two systems use a plethora of symbols ‘}or their
notation this system uses only the letters and numbers. This
change is an effort to make the notation more readable,
understandable, and directly translatable to computer code for a
graphics system. Software engineering principles indicate the
simularity and familiarity of the notational symbols should bring
about coding efficiencies and thus reduce errors.

Section 4.2 is a desription of the general notation that we
developed. Sectionr 4.3 1lists the special cases that arise in
using the notation in forming the manual alphabet. Section 4.4
describes and 1lists the formal hand drawing, the notation in
table.form, and the suggested computer representation of the

letters of the manual alphabet.
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4.2 DESCRIPTION

The fingers are indicated by F1, Fz, F3, F4, F5. Where F1 is
considered to be the thumb and F2 thru F5 are the fingers,
starting with F2 for the index finger. Movement of the fingers
causes parts (segments) of the fingers to be moved. There are 3
natural bends made by each of the 4 fingers, while the thumb has
2 natural bends. Figure 5 shows the representation of the
segmentation of the fingers.

B1 indicates a bend in the joint closest to the palm. B2
indicates a bend in the middle joint of the finger, while B3
indicates a bend in the joint farthest from the palm. As
previously stated, the thumb has only 2 natural bends therefore
bends in the thumb are indicated by only B1 and B2.

No bend in a joint is represented by an E in a table cell.
Side motion to the right (with respect to the viewer) is
indicatad by E> and side motion to the left is by E<, while
Possible notations for indicating a straight or side motion is a
follows:

E a fully extended finger which is straight up.

E> a fully extended finger but it is slightly to the
right

E< a fully extended finger but is slightly to the
left.

A table of U4 horizontal rows intersected and 5 vertical
columns will be used to indicate the position of each finger and

joints in forming each letter of the manual alphabet., The order
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FS F4 F3 F2

B3

B2

e
F1

B2
B1

Figure 5. GRAPHIC COMPUTER REPRESENTATION OF THE HAND
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of the columns of the table 1is dependent upon the order of the
digit in appearance when the sign is formed. For example, the
letter F has the thumb labeled F1 in the first column of the
table. The next four fingers(F1 thru F5) are in the next four
columns (see figure 8B). However, the letter K has the thumb in
the second position and the finger F2 first in appearance (see
figure 11B ).

The rows are labeled on the left of the table. Row 1 is
labeled finger. The second, third, and fourth rows are labeled
Part 1, Part 2, and Part 3. Part 1 contains the notation for
representing movement in the segment of the finger c¢losest from
the palm, while the notation for the second segment or the middle
segment of the finger is placed in the row labeled Part 2.

For example, the letter "B" has the thumb (F1) in the first
column of the table, with the next four fingers in the following
columns, The movement of the thumb is moved to the left in both
the first and second segment. This is represented by E< in row 1
and row 2 under F1. The four fingers are fully extended in all 3
segments of the finger so an E is placed in rows 1, 2, and 3

under the columns F2, F3, F4 and F5 (see figure 6B).
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4.3 SPECIAL CASES

A vacant position in the table part 3 (row 3) in the thumb
column {(F1) is due to the fact there is no third segment of the
thumb. This blank cell which will occur in row 84 of the table is
used to indicate special cases. There are four instances where a
' special symbol may be placed into the table.

The first instance occurs when the thumb touches a finger,
This is the case in the formation of letters D, F, and R. The
notation to indicate this special case is Tn where n is the
number of the finger touched. Examples of how this appear in the
notation may be found in figures 7B, 8B, or 14B.

The second instance i3 when there is movement in the
formation of the sign. The letters involved in this are J and Z.
The notation for representing this movement in the table is a M
followed by either a J or Z depending on which letter is being
formed (See figure 10B or 18B).

In the third apecial case, the hand is not in an upright
position but is on its side. The notation to represent this is
an S inserted in the normally vacant cell. Examples can be found
in figures 9B and 13B. |

The fourth special case occurs when the letters are formed
with the thumb between two of the fingers. A BIW is inserted in
the vacant cell to encode the information. Examples of this

occur in the letters M, N, T, and K.
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4.4 REPRESENTATION OF LETTERS

This section contains the figures which represent the formal
manual representation, the notation in table form, and the
Computer representation of each letter in the manual alphabet.

The formal manual representation 1is an artistic drawing of
the manual alphabet for the deaf. The drawings were sketched by
hand using line drawings in the manual alphabet form Rickenhof's
book "Talk to the Deaf"., By examining these drawings it can be
percieved that the hand always faces the viewer when forming the
manual alphabet. The second observation is that only one hand is
required to form the letters of the manual alphabet.

Following the formal manual representation of a letter is
the tabular notation developed. Finally, a stylized
representation is given as a suggestion for graphic computer
representation.

While the formal representation is nmaturally curved and has
softer lines, the Computer representation is more rectangular in
design. It is easy to 1identify the representation as a human
hand with the fingers forming various 1letters of the manual
alphabet. If a color grapic capabality is available it 1is
suggested that the implementation show the fingers each in a
different color to aid diserimination,

The formal representation of the human right hand forming
each letter,the notation for each letter, and the Computer

rapresentation of the human right hand for the entire alphabet
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are contained in the following figrues.
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FIGURE 6A. FORMAL REPRESENTATION COF LSTTERS A & B
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THE LETTER 'A?

FINGER I B ! F2 I F3 I F4 | F5 !

PART 1 ! E I B3 I B3 ! B3 I B3 !

PART 2 ! E ! B2 ! B2 ! B2 ! B2 |

PART 3 ! ! E ! E ! E I E !

THE LETTER 'B'

FINGER ! F1 ! F2 ! F3 ! Fi4 ! F5 !

!
PART 1 I E< ! E ! E ! E ! E !
{

!
PART 2 ! EX ! E ! E ! E ! E !
1

PART 3 ! ! E ! E ! E ! E !

FIGURE 6B. TABLE NOTATION OF LETTERS A & B
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FIGURE 6C. COMPUTER REPRESENTATION COF LETTERS A & B
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FIGURE TA. FORMAL REPRESENTATICN OF LETTERS C & D
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THE LETTER 'C?

! ! ! ! ! !
FINGER I F1 ! F2 ! F3 ! Fu I F5 !
! ! ! ! ! !
! ! ! ! ! !
PART 1 ! B2 ! E ! E ! E ! E !
! { ! ! ! !
! ! ! ! ! !
PART 2 ! B1 ! B2 ! B2 ! B2 ! B2 !
! ! ! ! I !
! ! ! ! ! !
PART 3 ! I B1 I B1 I B1 ! B1 !
! ! ! ! ! !

THE LETTER 'D!

! ! ! ! ! !
FINGER 1 F2 1 F1 ! F3 ! F4 I F5 !
! ! 1 ! ! !
! l I [ ! {
PART 1 ! E I E< I B3 ! B3 !l B3 !
! ! ! ! ! !
! ! ! [ ! l
PART 2 ! E ! E< ! B2 ! B2 ! B2 !
! l ! ! ! l
! ! ! ! ! !
PART 3 ! E ! TF3 | E ! E !l E !
! ! ! ! !

FIGURE TB. TABLE NOTATION OF LETTERS C & D
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FIGURE 7C. COMPUTER REPRESENTATION OF LETTERS C & D



FORMAL REPRESENTATION OF LETTERS E & F

page 33
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THE LETTER 'E'
! ! l !
FINGER ! F1 ! F2 ! F3 Fi F5 !
! ! ! !
! ! ! !
PART 1 I E< I B3 ! B3 B3 B3 !
! ! l I
! l ! !
PART 2 I E< ! B2 ! B2 B2 B2 !
! ! ! !
! ! ! !
PART 3 ! ! B1 ! Bl B1 B1 !
! ! l !
THE LETTER 'F!
! ! ! !
FINGER I F1 1 F2 I F3 Fy F5 !
! ! ! !
! ! ! !
PART 1 I EX ! E ! E E E !
! ! ! !
! ! ! !
PART 2 ! EX I B2 E E E !
! ! ! !
! ! ! !
PART 3 ! TF2 | B1 ! E E E !
! l ! !
FIGURE 8B. TABLE NOTATION OF LETTERS E & F
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FIGURE 8C. COMPUTER REPRESENTATION OF LETTERS E & F
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FIGURE Q4. FORMAL REPRESENTATICN OF THE LETTERS G & H
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THE LETTER 'G'

FINGER ! F2 ! M I F3 ! F4 1 F5 !

PART 1 ! E ! E< ! B3 ! B3 ! B3 !

PART 2 ! E ! EX ! B2 ! B2 ! E2 !

PART 3 ! E ! 8§ ! E

- gy e
m
=

TEE LETTER 'H'

FINGER ! F2 ! F3 I ! F4 ! F5

PART 1 ! E I E I E< ! B3 ! B3 l

PART 2 I E ! E I EX I B2 ! B2 !

PART 3 ! E ! E ! 8 ! E ! E !

FIGURE 9B. TABLE NOTATION OF LETTERS G & H
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—

Sy

FIGURE 9C. COMPUTER REPRESENTATION COF THE LETTERS G & H



1]

Hi

L)

URE 104.

FOEMAL, REPRESENTATION OF THE LETTERS I &

T
o
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THE LETTER 'I'

Page 45

FINGER I M F2 F3 F4 F5 !
! ! ! !
l ! ! !
PART 1 ! E< ! B3 B3 B3 E !
! ! ! !
! ! ! !
PART 2 ! E< ! B2 I B2 B2 E !
! ! ! !
! ! ! l
PART 3 l ! E ! E E E !
! ! ! !
THE LETTER 'J°
! ! ! !
FINGER I F1 | P2 I F3 F4 F5 !
! ! ! !
! ! ! !
PART 1 I E< B3 B3 B3 E !
! ! ! !
! ! ! !
PART 2 ! EX ! B2 I B2 B2 E !
! ! ! !
! ! ! !
PART 3 ! MJ | E E E E {

FIGURE 10B.

TABLE NOTATION OF LETTERS I & J



Page 46

FIGIRE 10C. COMPUTER REPRESENTATION OF LETTERS I & J
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FTRIIRE 114 FARMAT REPRRASENTATTAN NEF TUR TRTTFRI ¥ & T.



THE LETTER 'K!
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F2

F3

F1

Fy

F5

B>

! E<

B3

B3

E>

! E<

E>

BTW

THE LETTER ‘L'

F1

¥3

Fy

F5

E>

B3

B3

B3

E>

B2

FINGER !
!
!
PART 1 !
l
!
PART 2 !
1
!
PART 3 !
!
!
FINGER !
!
!
PART 1 !
!
!
PART 2 !
!
!
PART 3 !

FIGURE 11B.

TABLE NOTATION OF LETTERS K & L
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T—.

FIGURE 11C. COMPUTER REPRESENTATION OF LETTERS K & L
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FIGURE 124, FORMAL REPRESENTATION OF THE LETTERS M & N
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THE LETTER 'M?
! ! ! !
FINGER I F5 F1 F2 F3 Fy !
l ! ! !
! ! ! !
PART 1 ! B3 I E< B3 B3 B3 !
! ! ! !
! ! ! !
PART 2 ! B2 E< I B2 B2 B2 1
l ! ! !
! ! ! !
PART 3 ! E ! BIW | E E E !
! ! ! !
THE LETTER 'N?
! ! ! !
FINGER ! F5 ! F4 F1 F2 F3 !
! ! ! !
! ! ! !
PART 1 ! B3 I B3 I EX B3 B3 !
! ! ! !
! ! ! !
PART 2 ! B2 I B2 I EX B2 B2 !
! ! ! !
! ! ! !
PART 3 ! E I E BTW E E !

FIGURE 12B.

TABLE NOTATION OF LETTERS M & N
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FIGURE 12C. COMPUTER REPRESENTATICN OF LETTERS M & N
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FIGURE 134. FORMAL REPRESENTATION OF THE LETTERS C & P



THE LETTER 'O

Page 54

FINGER I F1 I F2 I F3 1 F4 . F5 !
! ! ! ! ! !
! ! ! ! ! !
PART 1 I EX ! B3 ! B3 ! B3 [ B3 !
! ! ! ! ! !
! ! ! { ! !
PART 2 1 EX ! B2 ! B2 ! B2 ! B2 !
! ! ! ! ! !
! ! ! ! ! !
PART 3 [ ! Bl 1 B ! Bl ! B1 !
{ ! ! ! ! !
THE LETTER 'P!

! ! ! ! ! !
FINGER ! F2 ! F3 I F1 ! F4 1 E5 !
! ! ! ! ! !
! ! ! ! ! !
PART 1 I E> ! E 1 E< ! B3 I B3 !
! ! ! ! ! !

! ! ! ! !
PART 2 ! E> ! E ! EX< 1 B2 ! B2 !
! ! ! ! ! !
! ! ! ! ! !
PART 3 ! E> ! E I 8 !' E !' E !
!

FIGURE 13B.

TABLE NOTATICN OF LETTERS 0 & P
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L

FIGURE 13C. COMPUTER REPRESENTATION OF LETTERS O & P
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FIGURE 144, FORMAL REPRESENTATION OF THE LETTERS Q & R
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THE LETTER 'Q’

! ! ! ! ! !

FINGER ! F5 ! F4 ! F3 I F2 1 K1 !
! ! ! ! ! !

! ! ! ! ! !

PART 1 ! B3 ! B3 ! B3 ! B3 ! EX !
! ! ! ! ! !

! ! ! ! !

PART 2 ! B2 I B2 I B2 ! E I EZ< !
1 ! { ! ! !

! ! ! ! ! !

PART 3 ! E ! E ! E ! E ! !
!

THE LETTER 'R’

! ! ! ! ! !
FINGER 1 ¥5 ! F4 ! F3 1 F2 ! 1 !
! ! ! ! l !
1 ! ! ! ! !
PART 1 ! B3 ! B3 | E ! EX ! E< !
! ! ! ! ! !
{ H ! ! ! !
PART 2 ! B2 ! B2 ! E I E< I E< !
! ! ! ! ! !

! ! ! ! !

!
PART 3 ! E ! E ! E ! E< ! TF4
l

FIGURE 14B. TABLE NOTATION OF LETTERS Q & R
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"

l
—A

h

FIGURE 1l4cC. COMPUTER REPRESENTATION OF LETTERS Q & R
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\
S

FIGURE 154. FORMAL REPRESENTATION OF 1TdE LETIERS S & T
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THE LETTER 'S’

FINGER I F2 ! F3 ! F4 ! FS ! F1 !
! ! ! ! ! !

! ! ! ! ! !

PART 1 ! B3 ! B3 I B3 ! B3 I E< !
! ! ! ! ! !

! ! ! ! ! !

PART 2 I B2 I B2 ! B2 ' B2 ! E< !
! ! ! ! ! !

! ! ! ! ! !

PART 3 ' E ! E I E | E ! !
!

THE LETTER 'T!

FINGER ! F3 ! FbU ! F5 ! F1 { F2 !
! ! ! ! ! !
! ! ! ! ! !
PART 1 ! B3 ! B3 I B3 ! E< ! B3 !
! ! ! ! ! !
! ! ! ! ! !
PART 2 ! B2 ! B2 1 B2 I E< ! B2 !
! ! ! ! ! !
! ! ! ! ! !
PART 3 I E ! E ! E ! BTW ! E !

FIGURE 15B. TABLE NOTATION CF LETTERS S & T
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-1

'_-q_

FTIGURE 15C. COMPUTER REPRESENTATICON COF LETTERS S & T
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FIGURE 164, FORMAL REPRESENTATICN COF THE LETTERS U & V¥
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THE LETTER 'U!

FINGER ! F5 ! F4 H ! F3 1 F2 !
] ! ! ! ! !
! ! ! ! ! !
PART 1 ! E ! E ! KK ! B3 ! B3 !
! ! ! ! ! !
! ! ! ! ! !
PART 2 { E ! E 1 E< t B2 ! B2 |
! ! ! ! ! !
! ! ! ! ! !
PART 3 ! E I E ! TF4 ! E ! E !

THE LETTER 'V!

H !
FINGER ! F5 ! Fi4 I 1 ! F3 ! F2 !
! ! ! ! ! !
! ! ! ! ! !
PART 1 ! B3 ! B3 I E< ! EX ! E> !
! ! ! ! ! !
! ! ! ! ! !
PART 2 ! B2 ! B2 I E< ! EX ! E> {
! ! ! ! ! !
! ! ! ! ! !
PART 3 ! E ! E !' TF4 ! EX ! E> !

———— - — — — ——— - B e e

FIGURE 16B. TABLE NOTATION OF LETTERS U & V
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FIGURE 16C. COMPUTER REPRESENTATION OF LETTERS U & V
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FIGURE 17A4. FORMAL REPRESENTATION CF THE LETTERS W & X
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THE LETTER 'W!

FINGER ! F2 ! F3 ! F4 I F5 ! F1 !

! ! ! ! ! !
! ! ! ! ! !
PART 1 I E> ! E ! E< 1 B3 !l E< !
! ! ! ! ! !
! ! ! ! ! !
PART 2 I E> ! E ! E< ! B2 I E< !
! ! ! ! ! !
1 ! 1 1 ! !

PART 3 ' E> ! E I EXZ B ! TF5 I

THE LETTER 'X!

FINGER [ I F2 ! F3 ! Fu4 ! F5 !
! { ! ! ! !
! ! ! ! H !
PART 1 I E< ! E ! B3 ! B3 ! B3 !
! ! ! ! ! !
! ! ! ! ! !
PART 2 I EX< ! B2 ! B2 I B2 I B2 l
! ! ! ! ! !
! ! ! ! ! !
PART 3 ! ! B1 ! E ! E I E !

FIGURE 17B. TABLE NOTATION OF LETTERS W & X
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TIGURE 1i7C, COMPUTER REPRESENTATION OF LETTERS W & X
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)

FIGURE 184, FCRMAL REPRESENTATICN OF THE LETTERS Y & Z
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THE LETTER 'Y!

FINGER ! 1 1 E2 ! F3 { Fb t FS !
! ! ! ! ! !
! ! ! ! ! 1
PART 1 I E> ! B3 ! B3 I B3 ! EX !
! ! ! ! ! !
! ! ! ! ! !
PART 2 ! ES ! B2 t B2 1 B2 1 EX !
! ! ! H ! !
! ! ! ! ! !
PART 3 ! ! E I E ! E ! B¢ !

THE LETTER 'Z°

FINGER I F2 ! 1 ! F3 ! F& ! F5 !
! ! ! ! ! !
! ! ! ! ! !
PART 1 ! E ! EX ! B3 ! B3 B3 !
! ! ! ! ! !
! ! ! ! ! !
PART 2 ! E ! E< ! B2 ! B2 ! B2 !
! ! ! ! ! I
! ! ! ! ! !
PART 3 ! E ! MZ ! E I E ! E !
! ! ! ! ! !

FIGURE 18E. TABLE NOTATION OF LETTERS Y & Z
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FIGURE 18C. COMPUTER REPRESENTATION COF LETTERS Y & Z
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CHAPTER 5

5.1 IMPLEMENTATION

The software implementation of the graphic representation of
the manual alphabetic symbols is based on the defined notation
and can be accomplished with minimal effort. The basic concepts
indicated by the notation remain invariant from hardware system
to hardware system. However, the implementation of the notation
will vary from installation to installation due to hardware
configuraticn and the capabilities of the graphic eguipment. The
basic algorithm for handling graphic finger spelling is as

follows:

1. Get the input letter.

2. Convert the letter into a wuseable subscript for

access to the appropriate letter description

table.

3. Clear the user's screen

4, Draw the basic palm with orientation based on the

requested letter.

5.0 Repeat for zach of the 5 fingers
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5.1 Draw the requested finger.

6.0 Handle special cases.

The implementation of the graphic representation using the
Chromatics color graphics system was accomplished by using the
table of notation to drive the existing software package
available with that equipment. The fingers and hand are drawn by
a series of 14 rectangles and 1 polygon for the palm. The 14
rectangles are formed by giving 2 coordinates for each rectangle.
The polygon is formed by the Jjecining of the lines that would
make-up the palm.,

The letters B and L were implemented in <color on the
Chromatics system to verify that the model and notation are

valid.
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CHAPTER 6

CCNCLTSICY

6.1 SUMMARY

This research consisted of survey of the literature related
tc area of Computers and the Deaf, in order to identify what had
been deone in this field. Based upon the examination it was
decided to create a graphic display of the manual signs for the
deaf. This work was geared toward the deaf child and his family,
and others wishing to learn the manual alphabet. To our
knowledge there has been no previous work done in this area.

In order to accomplish the goal of a grapic display of the
manual signs, a notation to express the hand positions was
required two existing graphic notations for representing human
movement were studied.

Upon closer look at these two notation it was determined
they were not suitable for our needs. The major fault lies in the
fact they did not allow expression of movement of the digits.
Additional deficiencies included the fact that, they are
extremely difficult to learn and keep track of the meanings of
the various abstract symbels. Secondly, they are cconcerned with
movement of the body. Future work might cause the upper body to
be considered in our notation.

To make the notation more readable, understandable, and
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useable we developed a new Computer-compatible graphic notation
to represent the {inger-nand movement. Briefly, this notation
conaists of letters or letters and symbols arranged in a table.
The parts of the finger were divided according to the possible
bends that the digits. The columns of the table each represents
a digit, the rows a segment of the digit. Special cases were
designated by placing a2 symbol in the vacant table cell left in
F1, Part 3. The symbols that c¢an be placed in the vacant table
cell are as follows:
Te S-meaning the hand is on its side not upright.

2. TF2-The thumb is touching the finger designated in
the notation.

3. MJ MZ-Movement in a letter, either J or Z.

b, BTW-The thumb is between w fingers.

The ordering of the column is significant and wvaries
acecording to the first appearance of the thumb.

The implementation of the graphic representation was
accomplished by using the table of notation to drive the software
package. Using Chromatics's innate built-in graphics
capabilities, the fingers and hand are drawn using series of 14

rectangles, and 1 polygon for the palm.
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€&.2 FUTURE WORK

The work accomplishea deals mainly with the notation, model
and general concept of implementation of the manual alphabetic
signs for the Deaf. Work yet to be done includes the full
implementation of each letter in the manual alphabet. This could
be accomplished using a decision table processor, table driver
translator, or a specific implementation. One useful extension
of the notation and model would be to include the entire symbol
system for signing used by the deaf. Several modifications and
extensions to the notation would be necessary to accomplish this
extension arere listed below:

Vi Special cases listed in section 4.3 would no

longer apply because of the movement inveolved in

forming the manual symbols.

2. The hands would require representation within a
general spatial orientation.

2 Development of notation to represent use of the
head, both hands and arms, and the chest would
have to be accomplished. When the symbols are
used to represent human speech there 1is a
considerable amount of touching of tke various
part of the body(head, arm, hands, chest). These
could not be included as special cases and the
nctation would have to be expanded.

4, Development of the notation to include the use of
both hands in signing words.

5. Develop a dictionary of signs for Computer terms
to eliminate the necessity for finger spelling
each Computer term.



[ADLETO]

[BADLT79]

[BENDT0]

[BRILT74]

(BROWT 2]

[COHETT ]

[DAVITS]

(FURT66 ]

[GEARTS]
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ABSTRACT

This work reports an investigation of notational systems
presently available in which to express the positions and move-
ment of finger-hand placement in the computer production of the
manual alphabet of the deaf.

The two existing notational systems studied are Labanotation
and Eschkol-Wachrann. They are not suitable due to their inability
to express movement of the fingers. An additional problem of the
two existing notation is that they are difficult to learn and teo
remenser the meaning of the various symbols.

A computer-coizpatible graphic notation to represent the finger-
hand movement was developed which makes the notation more readable,
understandable, and useable. A general implementation of the model/

notation is discussed.





