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AN ENCCDER FOR A GRADE 1II BRAILLE TYPEWRITER
by
ROBERT JOHN DIRKMAN

Submitted to the Department of Electrical Engineering
on May 2, 1960 in partial fulfillment of the require=
ments for the Megree of Master of Sclence.

ABSTRACT

The Brallle system of embossed dots 1s the conventlonal
method of presenting published material to the blind, The
present method for translating inkprint text into Grade II
Braille requires a highly tralned operator. The purpose of
the thesis is to develop a typewrlter~operated encoder which
will facilitate this translation.

In the firat chapter the Brallle system 1s summarized,
and the important factors which complicate the problem of
designing a typewrlter-to-Grade II Brallle encoder are point-
ed out, Based on these considerations, the thesis objective
is given,

To more completely define the problem, a summary of
exlsting devices 18 presented, These devices include man-
ually operated machinea such as bralllers, stersotyvers, and
modified standard tyvewriter a{atama; and automatic syatems
which are in effect elther digltal computer programs or
speclal ourpose diglital systems. The uses, advantages, and
disadvantages of these devices are dlscussed,

The functionsl regquirements of the proposed system mre
then considered, An attempt 1s made to select a system
which is a compromise between simple devices which demand
highly skilled operators and very complex systems,

Based on these functional requirements, the baslc design
of the encoder system is developed, Emphasls 1s placed on
the principles of operation of the various subsystems which
comprise the encoder rather than their detalled design,

A chapter 1s devoted to the problem of selecting a sulte
able code and designing a simple matrix to generate it,

The final chapter suggests areas for future investie
gation., This includes the evaluation of the proposed system
and the adaption of the basic design to other purposes,

Thesils Supervisors: Samusel J. Mason and Ronsld J., Massa
Titles: Professor of Electrical Engineering and Instructor
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I. THE PROBEEM DEFINED

The Braille system of raised dots 1s the conventional
method of presenting published material to the blind. The
purpose of this thesis is to develop a typewriter-operated
encoder which will facilitate translation of published mat-
erial to Grade II Braille, 8§hve conventional methods of
performing this translation require highly tralned trans-
eribers, such an encoder would be useful if the required
operatorts skill can be reduced.

The purpose of this chapter 1s to summarize the Braille
system and to point out the factors which ecomplicate the pro=
blem of designing such a device., DBased on these considera~
tions, the object of the thesis is discussed.

1,1 A summary of the Braille system

The Braille system, since its introduction in 1829,
has been subject to careful study by various committees in
an effort to produce e system which presents the greatest
benefit to the blind, The evolution of Braille has been a
very tedious process and countless revisions of the system
have occured throughout ita development. The accepted set
of rules for Brallle used for general literature at the pre=-

sent time 1s called Standerd English Braille,(1l)®

# Numbers refer to bibliography in Appendix D,



Standard English Braille is based on the "cell" which
contains six embossed dots arranged in two columns as shown
in Fig. 1.1.% There are 63 possible combinations of these
six dots which are used to represent letters of the alphabet,
numerals, punotuation marks, signs, common groups of letters,
and whole words.

Several levels or "grades" of Standard English Braille
are used:{(1l)

(1) Orade I Bralille is uncontracted; a one«to-one corres=-
pondence exitts between the letters of a standard inke
print text and its Brallle counterpart.

(2) Orade II Braille is moderately contracted; a total of
185 contractions are employed., These contractions ine
elude words and common groupa of letters which may be
used as part-words,

(3) Grade III Braille is a highly oontracted form and has
1imited usage in applications where a shorthand nota=
tion is convenient.

Although strictly not a form of Standard English Braille,

Grade One=-andea=Half Braille 1s used to a large extent for

general publications.

The contracted forms of Braille result in space economy,.
For example Grade II Braille requires an average of 3% cells

per word as compared to 5 cells for Grade I Braille,

"%  Braille sample used by permission of the Perkins School
for the Blind,



Braille Alphabet and Numerals

.e

.
-
o~
S
H
~r
H

The six dots of the Braille cell are arranged and
iped
numbered thus: 2883 The capilal sign, dot 6,

placed before & leiter, makes it a capital. The
numeral eign, dota 3, 4, 5, 6, placed bafore o char-
acter makes it a figure and not o letter. The
apostrophe, dot 3, like the other punctuation marks,
is formed in lower part of the cell,

Perkina School for the Blind
Watertown, Mass,

Flre 1.1 A Sample of “mhossed Rraille



1,2 A deaoription of Grade II Braille
The transoription of text to Grade II Braille is com-

plicated by the contrastions and the numerous rules regard-

ing their use, For example, it 1s possible to transeribe

the word "gathered” three waya: gather/ed,® gathered, and

gathered. Only one of these, gathered, 1s however in ecoord=

ance with the rules.(1)
The contractions may be oclassified as follows:(l)

(1) Abbreviated words have no speclal Braille signs to ex-
preass them, but they are always abbreviated and are re=-
presentsd by certain letters only. For example the word
"afterward"” 1s always denoted by the Brallle aigns for
the letters "afw" in Grade II Brallle. The abbreviated
words require from 2 to 5 cells for their representation,

(2) Word sijns are one or two-celled contractions which may
be used as whole words., In general the Braille symbol
for the firat letter of the word is oftan ueed as, for
example, "J" for "just”,

(3) Initial contractions are twoe=selled contractions which

may sppear elther as words or as part-words,

(44) Final eontractions are twoeselled sontractions which may
not be used as whole words or as the beginnings of words,
Examples are "afion" and "ence".

() Other one-celled contrastions may be used as whole words

or part-words,

# Groups of letteras which are underlined are contracted.
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Of the 185 sontractions, 73 are abbreviated words., The con-
tractiona and the other aymbols used im Grade II Braille ars
included in Appendix A, Note that with the exception of the
abbreviated words, the contractions require either one or two
cells,

The rules regarding the usage of the contraetions of
Grade II Brallle are complicated and the execeptions to the
rules are many. The examples listed are typical:(i’

(1) Some contraetions may not overlap wellwdefined syllables,
For example the one=celled contraction "of" may be used
in "soft" but not in "profound”,

(2) OCertain contractions are preferred to others whenever
two possibilities ocour. As an example the contrastion
"ea®™ 18 properly used instead of "ar" in the word "earth",

(3) Some contractions may not be used if the pronounciation
of the group 1s affected. The contraction "under", for
exsmple, may not be used in the word "launder"”,

1.3 Thesis objective
The objective of this thesis 1s to develop en encoding

system which will facilitate the translation of text into

Grade II Braille, This grade is chosen specifically aince

it 1s the conventional form for published material, BRBesause

the Braille authorities are reluctant in general to modify

the rules of Brallle, the device must be capable of producing

Grade II Braille exactly., Possible encoding techniques

should resceive careful consideration so that the proposed

system 1s simple and inexpensive,

11



II. A DESCRIPTION OF EXISTING DEVICES FOR PRODUCING BRAILLE

The various devices for producing Brsille cover a wlde
range of complexity. For example the simplest device, the
alate, ims merely a guide plate which is clamped to the paper,
and the embossing is done by forming the proper dots manually
with a small tool, At the other extreme, the IBM TO4 ocom-
puter has recently been programmed to automatically translate
inkprint to Grade II Braille, 2’

To more completely define the problem of designing a
Grade II Brallle encoder, a summary of some of the existing
devices, thelr uses, advantages, and disadvantages, 1s pree
sented in this chapter, These devices are divided ocatagor-
10ally into those which are manually operated and those whieh

are automatliec,

2,1 Manually operated devices
2e¢lel Braillers and stereotypers

The most common device, excluding the slate, for em-

bossing a single copy of Brallle text 1s the brailler. This
machine has six keys, one sorresponding to each dot of the
Braille cell, and a space bar, By depressing the proper come
binations of the six keys simultaneously, an embossing head
forms a complete Braille cell directly on the paper. The two
most commonly used bralllers in this country are the Perkins
Bratller,(3)made at the Perkins Sehool for the Blind, and the
Hall Braillewriter, (%) menufsctured by the American Printing

12



House for the Blind. The brailler, which is designed specif-
leally for use by the blind, 1s a great improvement over the
slate, The mechanical speed of the device is quite high; The
Perkins Brailler, for example, cen produce up to seven cells
per seeond.” Any grade of Brallle can be produced on the dee
vice depending on the needs of the operator,

The stereotyper(S) is related to the brailler in that it
also has six keys, The stereotyper is used to emboss zine
plates for printing Braille and, hence, is operated by the
sighted,

Both of these devices have aseveral disadvantages.

FPirst the operator must be an expert in the rules of Brallle
and must know the Braillle code for the alphabet, contractions,
and abbreviated words. Secondly the operator 1s required to
depress up to six keys simultaneously rather then only one
key as with a standard typewriter. Because of these two ree
quirements, 1t typloally requires nearly two years to train

a stereotyper Oporator.**

2e1.2 Modified standard typewriters
One disadvantage of the bralller can be eliminated by

devising a system in which only one key need be depreased to

# From a discussion with Mr, David Abraham, Chief Engineer,
Howe Press, Perkins School for the Blind,
##  From a discussion with Mr, Waterhouse, Director of the

Perkins School for the Blind,

13



form the complete Braille cell, A atandard typewrlter has
been used in several systems for producing Brallle.

John Wheeler of IBM has developed a system for produce
ing any grade of Braille by employing a standard IBM electrio
typewriter and a diode matrix.(6) Since a tyvewriter has
only lil} keys and the Braille system employs 63 possible chara=
cters, a special switohing arrangement was necesssry. This
was accomplished by inverting two columms of the Brallle ecell
when the 8hift key was depressed., Although this arrangement
8liminates one disadvantage of the brailler, the operator must
8till be expert in the Braille ocode.

A typewriter system which wlll emboss Grade I Braille is
praesently belng developed by the Department of Mechanlcal Ene-
gineering of MIT under the supervision of Dwight Baumann,

This sydtem can be operated by an ordinary typist with 1ittle
additional training and will be useful in businesses whieh
employ the blind. In addition to the Braille ocopy, a standard
typowritten copy will be similtaneously produced,

2,2 Autonmatic devices

Automatie devices for produecing Braille are necessarily
much more complex than the manually operated machines. The
methods describsd represent either aspecial purpose digital
syatems or computer programs,

A switehing ciruuit arrangement to tranalate teletype=

setter punched tape to Grade I Braille is beilng developed



by Friberger of the Veterans Administration.™ Teletypesettex
tape is punched by a linotype machine simultaneously as 1t
sets type to be used for printing. Slnce these tapes are ore
dinarily discarded after use, they can be used to make avalle-
able a considerable amount of literature which otherwlse
would be impossible., One disadvantage is the fact that the
resulting output is not Grade II Braille.

Several attempts to automatiecelly produce Grade II
Braille have involved computer programs. IBM has programmed
the 70l computer to translate teletypesetter tape to Grade
IT Braille.tl) The output, also on magnetic tape, is used
to emboss zine plates on a specilally designed embossing machine.
Abraham Nemeth of the University of Michigan is developing a
similar program for the IBM 650 computer. ¥

A special purpose ¢ompuber, which has been developed by
David ¥ilne, a 17 year old high school student from San Diego,
¢alifornia, produces a contracted form of Braille.(7) This
device has been named the Beta Braille Electronie Translator

Automatioc,.

# Fprom a discussion with Dr. Eugene Murphy, Director of the
Department of Prosthetlocs, Veterans Administration,
## Prom a discussion with Mr, John Dupress, Director of
Technological Research, American Foundation for the Blind.
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... T¥T, FUNCTIONAL REQUIREMENTS OF THE PROPOSED SYSTEM

From the preceding chapter, 1t is evident that the
existing devices for producing Grade II Braille fall genw
erally into two distinct categories:

(1) wrelatively simple devices which require a skilled
operator highly treined in the Braille aystem, and

(2) hnighly complex systems such as general purpose come
puters which eliminate the need for a specially tralned
operator,

This grouping is possible because in the second category the

memory of the operator 1s replaced entirely by the system

resulting in a large inorease in 1ts complexity.

The proposed system is intended to be a compromise bee
tween these two categories. The complexity of the system
increases as the skill demanded of the operator decreases.
It 1s the purpose of this chapter to define the requirementa
of the aystem and the requirements of the operator so that

the resulting system i1s reasonably inexpensive and a minimum

~ of training 1s required of the operators

For conveniense the system will be considered in three
parts: the input, the encoder, and the output,
341 Possible approaches to the problem

In the operation of the brailler and the other simple
devices which produce Grade II Braille, the operator mat

make several decislions before Sarming a ecell, The following

16



guestions must firat be answered:

(1) Is the word an abbreviated word?

(2) Doeas the letter normally form part of a contrastion?

(3) Ave there any rules which forbid the use of the con=
traction in this particular word?

(4) What is the Braille symbol for the abbreviated word,
contraction, or letter?

The required complexlity of the automatic systema for
producing Grade II Braille 1s primarily a consequence of the
first three questions. For instance, to answer the third
question, 1t 1s necessary that the system contain in stope
age some foém of a 118t of words which are exceptions to the
rules of Standard English Braille, Otherwlse it would be

impossible, using ordinary digital system technlques, to fore
: bld, for example, the use of the contrastion under in the
word launder because the sound of the contraction has changed,

To devise a relatively inexpensive aystem_which does not
require the usual skill of a tralned operator, two approaches
are possible in view of the preceding discussion. One ape
preéach would be to modify the rules of Braille so that the
translation would be more amenable to ordinary digital teche
niquea. The other would be to eliminate the need for the
operator to know the Braille symbols, but only to recognise
when contractions and abbreviated words should properly be

used,

17



There 1s much to be said for both approaches., The first
would be very desirable 1f a considerable reduction in requirdd
equipment would result and if the modifiecations of the rules
would be asceptable to both the Brallle suthorities and the
blind. Such an approach would require careful consideration
of the rules of Braille and the inereased difficulty in reade
ing Brallle as s consequence of changing these rules. The
second would be desirable if a reliable and economical syatem
could be developed which would result in substantially less
operator skill than exlsting devices demand. The proposed syse
tem 18 based on this seoond approach,

3.2 Input equipment requirements

An obvious cholce for the basic input device 1s the stane
dard tyvewriter, Considerable advantage can be taken of the
fact that typing is a very common skill if the operation of
the inovut equipment 1s designed to deviate as little as pose
sible from standard typing procedure. Further advantage is
gained from this ocholce since a typewritSen copy of the mate
erial would be avallable for proofreading,

It 18 necessary, of course, to supplement the standard
typewriter so that 1t can provide the proper form of informae
tion to the encoder. This would require some arrangement of
switches associmted with each typewriter key. Cars should be
taken in designing the encoder to insure that a typewriter ean
be convenlently modified to seccomplish this purpose,

In addition some auxiliary means is required to indieate

18



that a group of letters forms a contraction., This could be
accomplished by employlng an additional switeh, such as a
foot pedal, which 18 depressed, for example, as a group of
letters which comprise a contraction is typed. By using this
additional swlteh, or contrasction key, the operator is in ef=
feot signifying that the letters which are being typed are to
be considered eollectively as a single input determining the
proper Braillle symhol.h As an example the word "complete",
which requires six Braille cells, would be formed by using
the contraction key for the contraction "gom" and then typing
the letters "plete" without using the contraction key.

In determining the required speed of the encoder and the
output equipment, the maximum typing speed must dbe cshosen,
S1xty words per minute. seems to be a ressonable choice for
this maximum since this value is the typloel speed achieved by
an average typist. The use of the contraetion key will tend
to slow the operator down somewhat,

3.3 Encoder requirements

The encoder 1s a digltal system whose purpose is to prow
vide the propér Brallle symbol or symbols to the output de=
vice in accordance with the input aignals. In general the
encoder should be reliable, inexpensive, simple, and should
be easily reproducible,

The nature of the Braille output of the encoder poses
two problems which roq&ire eonsideration, The first 1s in ree

gard to the method in which eash Braille cell is read out of

19



the encoder and the second Involves the maximum number of
cells which are produced for sach separate input,

Each Brallle cell is essentially a six digit binary nume
ber., It is possible for the encoder to provide this number
iIn two different ways: sequentially so that one digli follows
the next in time; or simltaneously by using six separate pare
allel channels, one for each digit., Because of the simpliocity
- whieh the second method lends to the readout operating of the
encoder, as disecussed in the next section, this sbheme is
chosen. The encoder then requires six separate channels.

In the Byaille system each letter of the alphabet is
represented by one cell. A econtraction, howsver, may require
either one or two eells, and an abbreviated word, from two
to five cells., If a contraction or abbreviated word is cone
sldered to be a single input, as i3 essentially the case when
the contraection key is used, then the encoder must be désign-
ed to produce more than one Brallle cell for s single input.
Several factors must be considered in choosing the maximum
number of ecells which can be generated by each input,

The complexity of the encoder will be redused if the
operation 1s the same regardless of the mumber of cells
ecorresponding to a single input. PFor example, if the encoder
1s designed to produce a maximm of five cells, 1t would sime
plify the encoder design to consider gyvery output to conaist
of five oellsj some of these would ineclude cells containing

no dota. If this scheme is used, however, the encoder and the

20



output equipment must be capable of producing five Braille
cells in the time required for eash input, ZEither the en=
coder and the assoclated output equipment must be operated
at excessive speed (25 cells per second for a typing speed
of 60 words per minute) or the rate of the information input
miat be deecreased,

. Since the maximmn number of cells required for any con=
traction iz only two and since the abbreviated words, which
requlire from two to five cells for a single input, can be
formed by typing loglcal groups of single letters such es
"abv" for "above", the choice of two cells as a maximum oute
put for a single input seems to bs a reasonable aselection,
The sontraction key would then be used only when a eontrac-
tion is typed; an abbreviated word would be formed by typing
the letters comprising the abbreviation without employing
the contraction key. The encoder must then be capable of
producing an average of 10 cells per second to be consistent
with an input speed of 60 words per minute,

The memory of the encoder must csontain the alphabet,

numerals, contractions, exoluding the abbreviated words, punct-

uation marks, and the miscellaneous signs peculiar to Braille.

This ineludes a total of 163 entries whisch are listed in
Appendix B,
3.4 Output equipment requirements

The output device may be either an embossing mechanism

which forms the dots in the Braille cell direotly or some

21



form of recording equipment. Although 1t may seem cone
venient to produce the Braille in a form directly usable by
the blind, several advantages result from the use of punched
tape.

Firat the tape can be used to operate a variety of sec-
ondary devices to produce the embossed Braille. These inelude
plate-embossing machines similar to the stereotyper for sutoe
matically producing zinc plates suitable for printing Braille.(Z)
automatic bralllers which ocan make one or several embossed
coples of the recording,¥ or Braille reading machines which re-
produce temporarily the Brallle code recorded on punched tape.(6)
Each of the above devices have been developed, and presently
an effort 1s being made to improve them.

It would be desirable if errors can he easily corrscted.
Since a typed oopy of the material 1s avallable for proofread-
ing, a punched’ Bape would be advantageous sinece corrections
can be easily made before the tape 18 used as an input to the

auxiliary devices desoribed above,

* From a discussion with Mr, Waterhousas.
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IV, THE ENCODER SYSTEM

In this chapter the basie design of the encoder system
is presented, The essentlal processes involved in a perman-
ent~-storage memory encoding system are described, and the
proposed syatem operatlion is considered with reference to
this. deseription. In particular careful consideration 1is
given to the prosess of ocoincidence detection,

Emphasls has been placed on the prineiples of operation
of the varilous subsystems whish comprise the encoder rathey
than on their detalled dealign, This chapter by no means re-
presents a completed design of the encoder but rather a
functional description on which such a design can be based,
Various techniques have been carefully eonsidered so that the
overall system is simple and inexpensive,

4.1 The essentials of a permanent-storage memory encoder
There are two different types of systems which lend theme

gelves to encoding: switching eirouit systems and permanent-
storage memory systems, In a switching eircult system, the
encoded output is generated by the input code. The input
manipulates suitable switching elements, such as relays or
diodes, in a network to produce the output, In a permanente
storage memory system, the encoded output is selected from

a table of possible outputs by the input. In such a system
the members of the table are examined until the desired out-
put is found,

23



. The essential components of a permanente-storage memory

8
encoder are shown in Fig, l‘..l.( )The purpose of the system ig

Memory
Input Output
Memory | Output Code

Good_a_ Kggzj;:: Address | Code [ Rgagout L=t

X3 Reglister Channel | Channel| ate £x,)

| e gl xi £(xq? k
Coincidence
Detestor

Fig. 4.1 Eassentials of a Memory System

to select the output code, f(xg), corresponding to desired in-
put ecode, xg. This input code is temporarily stored in the
deslired address reglster and sequentlially compared %o the ad=
dresses, x4, in the.memory, each address corresponding to an
output code f(xy)s When x5 and xy are ldentical, the coin=-
cldence detector operates the readout gate and allows the de=-
sired output code, f(x3), to be read out of the memory,

o2 Choice of a memory system

In chapter IITI the encoder requirements were discussed.

These are briefly summariged,

(1) In general the encoder must be reliable, inexpensive, and

. simple,



(2) The encoder requires six separate channels for the oute
put oorreaponéing to essh dot in the Bralille cell,

(3) The encoder must be capable of producing two Braille
cells for each single input, A single input implies
either a single typewriter key 18 depressed, or seve
eral are depressed while the contraction key 1s used,

() . The memory must contain 163 address words.

(5) The encoder speed must be consistent with an input
speed of 60 words per minute,

A variety of memory systems are possible for use in the en=

coder, A photographic memory system was ochosen besause s dee

-81gn 18 possible which satisfies all of the above requirements,
An encoder based on a photographic memory arrangement

can be made quité inexpensively, Ordinary photographic tech-

niques oan be used for reproducing the memory. A unique op=-

tical system can be designed without requiring lenges, and a

variety of photodetestors wre avallable for converting light

signals into electrical signals.(g)

Be3 Prineiple of encoder operation
Le.3.1 A brief desecription of the encoder

A sketch of the arrangement of the basie components of
the memory 1s shown in Fig. lj.2, The memory element is a
constant-speed rotating photographie disc containing infore
mation in the form of transparent and opaque areas stored in
concentric tracks, These tracks form two channels, one cone
taining the addresses and the other the output code.

The basic operation 1s summariged:

25



]
outpub
code
Chenmel
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(1) Switches assooclated with the keys of the typewriter are
used to generate with the input matrix an appropriate
invut code.

(2) Thia code 1s temporarily stored in the desired address

register in the form of light sources,

(3) An optical system is necessary to foocus the 1ight sourees
through the tracks onto photodetectors,

(4} The poincidence detestor determines when an address on
the disc coincldes with the address stored in the de-
sired address reglster,

(5) When coineidence ocours a strobe light is flashed, reed-
ing out the desired output eode stored on the dise through
appropriate photodetectors,

Le3.2 Coincidence detestion

A coineidence detestor compares two binary numbers and
produces a signal 1f, and only if, they are i1dentical. The
prineiple of operation of such a device can be seen by cone-
sidering the loglcal operations which must be performed in
detecting this qquality,

Coincldence between two binary variables, x and y, is

glven by the logical expresaion:‘a)
Bi= Y + X'g' (4.1)

where the prime denotes the esomplement of the variable, The
validity of this relation can be sastablished by considering
Table i1, Prom this 1t can be seen that ¢ « 1 only 1f
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. olther both x w1 and y w1, or both x o 0 and y & O.

x y|xy | xy |x%' O©
0 0|1 1 0 1 1
6 1|10 0 0 0
8001 0 0 0
1 1[/00 1 0 1

Table lj.1 Ooincidence Between Two
Binary Numbers

Consider two binary numbers of N digits easch which are
to be tested for colneidence, If these two numbers are iden=-
tical then every digit of one number must be identical to
the corresponding diglt of the other number. Then to detect
total coineidence between the two number, Eq. (}.1) must be
applied to each of the N palrs of corresponding digits of
the two number, x; end yyq, and the "AND" operating must be
applied to the resulting N varisbles, C4{, This combined
operation 1s expressed in loglcal notation by the following
two equations:

Ci=%i4i 43¢} :3’& (4e2a}

Ce = BCLC . Cn (Le2b)
For the two nmumbers to be identical then ct mist be 1,
otherwise they are not equal,

The specific method by which eolncidence is deteoted
between the binary number stored in the desired address ree-

glster and 'hhg ocorreaponding number in the address channel of
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the photographic disc 1s oconsidered in the following para=-
graphs,

A method is proposed and, by making the proper iden-
tiflcations, 18 shown to satlisfy the operations defined by
Eqs. (h.2a) and (h.2b).

Storing a number in the desired address register correse
ponds to turning on appropriate light sources. Suppose that
two light sources are used for each digit in the reglster sush
that one 13 the complement of the other. For sonvenlence call
these light sources source #1 and source #2, Then when source
#1 is on, source #2 will be off, and vice versa., Suppose also
that ocorresponding to each light sourece there are two tracks,
track #1 and traock #2, on the photographic dise. These two
tracks are also complementa; when track #1 is transparent
track #2 1s opaque, &nd fice versa.

Further consldsr the following notation:

Let x denote the state of 1light source #1j

if x =« 1 then source #1 is on,

if x w O then source #1 1s off,

Then x!' will denote the corresponding atate of light source #2.
Let y denote elther an opaque or a transparent area on the
photographie disej

1f y = 1 then the area on track #1 1s tremsparent,

1f y » O then the area on track #1 is opaque.

Tyen ;l will dgnote the sorresponding state of track #2.
Also let O denote &dther the presence or absence of light

-
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ineident on the photodetestorg

if C =1 then light is present,

1f C » 0 then light 1is absent.

There are four possible sonfigurations involving the
light sources and the photographie disc., These are shown in
Fig. L.3, Teble 4.2 corresponds to these four configurations
using the notation displayed above. A comparison of Tahles

Photographis Dise

= f N=9 N=1
AOle O @ ~,@.<- %
S 7 I 8 ﬁ B 1§ S— 7 -
y_ 1y 1
=1 c=0 cC®o0 ce1
Il | I I
(a) xS0 (b) x®=o0 (¢) xs=1 (d) =1
T840 ye1l 7 LAY ye1l

Fig. 4.3 Possible Oonfigurations of the Address System

el and 4.2 demonstrates

that by using two light LI x! y' ¢
sources and two tracks o o 1 1 1
on the dise for each die 0 1 1RO 0
glt in the manner des= ] 1 0 0 1 o
orlbed above, the first bt 0 0 1

step in detesting coine-
Table 4.2 Address System
cidence is indeed accom= Relations

plished,
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If two corresponding digits in the register and on the
disc are identical, then the related photoddé¥ice will be
excited, For total coincidence betwseen the two numbers,
1t is necessary for all N photodetectors to be similtaneously
exolted. This second step can be accomplished by using a
muléiple "AND" gate.

h.} Compomwnts of the basis encoder
il The desired address register

The desired address muaﬁ be temporarily stored while 1%
ig being eompared with the binary numbers in the address
shannel of the photographic disc. In Seétion l.3.2 it was
shown that the eoinclidence detestion sould be performed very
simply if in asddition to eaesh digit, 1ts complement 1s stored,

This can be accomplished by using a bistable multivie
brator with two ordinary six volt incandescent lamps in the
collector circults, Unsymmetrical triggering is used since
the flip~flop must be set only once though several input sig-
nals may ococur. The multivibrator must be reset after the
output eode has been read,

lehe2 The optical system

The required precision of the optical system is dié?ted
by the storage denslty of the information on the photographie
dise. A system of lenses can be designed to properly focus
the 1ight on the channels, but such a system tends to be ex=
pensive, espeelally 1f a large number of channels 1s necessary.

A simpler less elaborate method is desirable,
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A unique "light-pipe" optical system, based on the re-
flection of light, can be incorporated into the encoder de-~
sign., The lighte-pipe 1a simply a tapered transparent plastie
tube with polished surfaces so designed that all light entere
ing the large end is reflested down the tube and emitted from
the small ends The design 1s based on the principle that
l1ight, in passing from one transparent medium into anothey
with a smaller index of refraction, will be totally reflected
back by the surface if the incident angle is greater than some
oritical angle. A paraboloild ocan be sonstructed of clear
plastic on this basis so that 1t effectively focuses light
on a small arem., A sketch of the optical system for a single
digit in the address channel 1s shown in Fig. L.}, and the
detalls of the design are sonsidered in Appendix C,

The advantages of this arrangement over a leiis system
are apparent:

(1) The light-pipe can be molded in quantity of a clear
acrylic plastic such as plexiglas at low cost.

(2) Mounting requirements are less oritisal than a lens
system would impose. Initial alignment of the lighte
pipes can be mMade quite simple if the mount is properly
deaigned., _

(3) The shape of the lighteplipe allows two adjacent tracks
on the dise to be elosely spaeced resulting in a more come

rect arrangement of information,
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4.44.3 The photographic disc

In this section the arrangement of information on the
vhotographie disc 1s consldered. This information is stored
on concentric tracks in the form of transparent and opaque
epeas, The addreses ohannel containg the input code which
identifies the two-celled Brallle symbols stored in the out-
put channels,

The two Braille cells are produced sequentially. Two
methods are possible:

(1) The first cell may be read out during one revolution of
the dise and the second on the following revolution, the
same address position being used for both of the oells,

(2) Both cells may be read out during one revolution from the
same channel, two address positions being necessary,

The second method requires twice as many address ecode numbers

along the cireumference as the first. Sinee the storage dene

slty In the tracks of the address channel i1s a oritical factor,
the first method is preferable, The disc then contains one
addgess channel and two separate Braille output channels,

Each digit in the address code requires two adjacent
complementary tracks as shown in Fig, L.S. Because of the
nature of the method of coinecidence detection, it is useful
to arrange the address code numbers on the dise so that as
few corresponding digits sas possible change in each successive
number. It 1s then advantageous to use a nonreturn-to-gero

type of atorage when the consecutive digits of the address
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N Pipes
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Track #1
1 Bit

Fige Le5 Address Channel Tracks for a Single Digit

numbers do not change., This impliea that one track 1s come
oletely transparent and the other opaque as shown. When a
digit does change however, both light=plipes must be blocked
off so that both are not exposed to a photodetector simule
taneously. This is done as indicated by the enlarged sketch
of a single bit on the track. Notice that the dliameter of
the smsll end of the light-pipe 1s less than half the width
of a bit,

Fig. 4.6 is a drawing of a possible layout of the disc.
Several pertinent features of the design should be noted:
(1) The address channel is outermost on the disc since the

tracks are more eriticel than on the Brallle output

channels,
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(2) Digits assoolated with the seme address number are not
radially aligned since space must be provided for the
light=plpes,

(3) Both Braille output channels are read out with only one
strobe 1light through six different photodetectors., This
requires staggering the photodetectors and providing a
masking arrengement as indicated,

1.5 The timing system

The timing of the system ia a very important aspect of
the encoder design, The following sequence 48 necessary for
each character or ocontractlon that is encoded:

(1) The appropriate light sources in the desired address
register are set according to the input code.

(2) The soincidence detector becomes operative when the roe
tating dise reaches a reference position,

(3) During the first revolution of the dise, the first
Bralille cell 1s read out through a set of six photo=~
de§ectors,

(4) During the next revolution, the second cell is read out
through a different set of photodetectors,

(5) When the diso has made exactly two revolutions, the ecoine
cidence detector becomes inoperative, and the desired ad=
dress register is reset to receive the next input code,

A timing system for accomplishing these steps is shown
in Fige U.7e
(1) A reference 1ight is turned on simultaneously as the 1light
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(2)

(3)

(4)

(5)

heb

sources are set in the desired address regiaster,

Whan the reference position on the disc, which is ine
dicated by a transparent spot on the eircumference, is
aligned with the reference light, a timing pulse occurs
which operates the coinclidence detector "AND" gate
through the "HOLD" eircuist,

The first Brallle sell 1s read out during the following
revolution of the dise,

A second timing pulse then flips a bistable multivibra-
tor from state "O" to state "1" gating the second set of
vhotodetestors through which the second cell is read out.
Notlce that the first timing pulse has no effest on the
miltivibrator since both signals to the "AND" gate are

not present,

A third timing pulse flips the multivibrator baeck into

state "O" and generates a reset pulse which resets the
desired address reglster, turns off the reference light,
and makes the total ooiacidonoe detector inoperative.
The system 18 ready to recelve another character and be-
gin a new cyecle,

Logle associsted with the contraetion key

When the contrastion key is depreased, the encoder

operation must be modified, The system must be inoperative

until the total input code identifying the contraction is

generated and stored in‘ghe desired address register. When

the contraction key is released, the proper Brallle output
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la determined in exactly the same manner as for a single
character input,

A convenient arrangement for performing this modifiece=-
tion 18 shown in Fig, l;.8. Normally the contraction key is
in the poslitlion indicated. When a typewriter key 1s dee
pressed, a signal from the input matrix is allowed to pass
through "AND" gate #1 and initiate the timing system as de=-
seribed previously.

When the contraction key is depressed however, "AND'"
gate #1 will not allow the signal to pass. Inatead it sets
a miltivibrator in the desired address register through
"AND" gate #2, The purpose of this is considered in Chapter
V. "ARND" gate #2 is used to increase the reliability of the
system; 1f the contraction key is depressed acclidently, the
desired address reglater 1s unaffected.

Since the encoder does not operate if the contraction
key 1s depressed, the last letter of a contraction must be
typred with the contrastion key in its normal position, For
example to form the contraction "ation", the sontraction key
1s held depressed while the letters "atio" are typed, then
released before striking the letter ",
b7 Logic associated with the shift key

In the Brallle system, a capital is formed by adding a
separate symbol, the capital sign, in front of a letter. It
i3 desirable to include this symbol in the usual way by dee-
pressing the shift key and striking the desired letter koye

ko



Switches

auzgiated
th
Keys
B
- | T,
- Tnout = To Desired
' gp\; { S— Address
! RULSX — Register
1 e
=
"1" when typewriter
/} key i1s depressed
AND To Timing System
. Gate [™™ Reference Light
Contraction = #1
Key
| : To Contraction Key
L —*"1 AND Flip-Flop in
3 Gate [™ Desired Address
#2 Register
-V

Fig. 4.8 Loglc Assoclated with the Contraction Key

b1



Obviously it is not adequate to generate the capltal sign

every time the shift key is used sinee this would be incor-

rect for upper-case non«letter characters. For this reason,
the capital sign is generated without the use of the photo-
graphic disc,

The scheme shown in Fig. h.9 is a convenient method for
forming the cavital sign:

(1) The MAND" gate produces a signal only if (a) a key is
depressed, (b) the key 1s a letter key, and (o) the
shift key 1s depressed. The arrangement for obtaining
the signals when (a) and {b) occur is desecribed in
Chapter V when the input matrix 1s considered.

(2) A signsl from the "AND" gate flips the multivibrator to
state "1" which gates the timing pulse to a driver whigh
activates hole #b6 of the punch, the capital sign, and
ressts the multivibrator baeck to state "0",

(3) A revolution later, the timing pulse is gated to the time
ing system and the proper Brallle symbols are read out
as usual.

The advantage of this arrangement 1s that the punch 1s not

required to produce more than one cell for each complete re=

volution of the photographic disc.

4.8 The overall system

A dlagram of the complete encoder system is shown in
Fige. .10, The detalls of the various subsystems have been
previously osonsidered, and the input design 1s discussed in
Chapter V.
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V. THE INPUT CODE

The Input code which 18 stored in the desired address
roglster must be generated as the typewriter keys are de~
vressed, This preliminary enecoding is ascomplished by the
input matrix which is operated by switches associated with
the tyvewriter keys.

The input code and the matrix for ganerating it are
designed in this chapter,
5+1 The typewriter keyboard

The standard typewriter keyboard is inadequate for pro=
ducing &l1l]l of the Braille symbols, For instance the Braille
system contains speecial symbols which have no inkppint equie-
valents, Fortunately the typewriter likewise eontains shara=
cters which ere not employed in Grade II Brallle, and a mod=-
ification of the keyboard is possible,

Two fastors require consideration in modifying the type-~
writer keyboard: (1) The Braille system employs special signs
to aild in Interpreting a sequence of characters. These ine

olude the number sign, the letter sign, the italie sign, the
acocent sign, and the poetry-line sign., (2) G@Gertaln keys on
the typewriter are used to produce several different chara=
cters, Diffioulty arlses whsﬁ these are represented by dif=
ferent aymbols in Braille. Ineluded in this ocategory are:

(&) The right and left quotation marks, (b) The right and
left single quotation marks and the apostrophe, (¢} The let=
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ter "1" and the numeral "1", and (d4) The period and the dee-
imal point sign,
Based on these consgiderations, a possible keyboard apr-

rangement is given in Fig. S.l.

5.2 Basis for the code design

Se2s1 Method of encoding the contraotions
When a typewrliter key is depressed, an aovpropriate binary

code must be generated and stored in the desired address re-
glater, This code 18 compared to similar codes in the address
channel of the photographic disc, and the corresponding Braille
aymbol 18 selested. If a contrastion 1s to be encoded how=
ever, the binary oodes generated by each letter in the con-
traction must be combined to form a new code which uniquely
identifies the sontrastion. This code is then used to seleot
the corresponding Bralllp symbol,

A great simplification of the input code results if the
binary code identifying a eontraction can be formed from the
component binary codes gombinatorially rather than sequentially.
Combinatorial implies that only the letters comprising the
contrastion need be considered in forming the code rather than
the order in whiech these letters occur, For example, consider
the words "taste™ and "state"j; the order in which the letters
occour 1s important, and a sequential arrangement would be re=
quired to distinguish them,

The contractions, which are included in Appendix A, con=

tain only two such prirs whioh would require sequential coding.
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These are "into™ and "tioh"; "every" and "very". Since the
Braille symbol for "into" ecan be formed from the symwbols
for the contrasctions "in" and "to", and the Braille symbol
for "very" in simply "v", these two contractions will not
be considered so that a simpler input code can be used.

The oomplexity of the encoding system is reduced since
a combinatorial arrangement can be employed, Considerable
advantage can be gained, for instance, Af all of the code
numbers corresponding to the keys and the contractions cone
taln the same mumber of digita, Such a requirement allows
two code numbers to be combined digit by digit,

The method for combining the sode numbers is based on
this principle, Consider for convenienece the contraction
"the" represented by the Nedigit code number € = 0702: 040 +CNe
This number is to be formed by combining the N~digit code
numbers @orresponding to the letters t, h, and e: T » t;ta.ti.tn.
He® hihoihhseshy, B » @182¢004 400y, 80 that:

Cc= C(T,H,E) (5.1)

By forming this combination diglt by digit, Eg. (5.1) can be

exprassed in terms of the N funetional relations:
Co= C(tihiel)  (14ien) (5.2)

The most sonvenient logical operation to perform on the

digits of the code numbers is the "OR" operationt

Ci= Li+hive (5.3)
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. The 1-th digit of the code mmber for a contrasction will then
be "1" if any of the ieth digits in the component code num-
bers are "1"; otherwise it will be "0". For example if:

T = 01000
H = 00011
E » 01010

then: C = 01011

52,2 The minimum number of digits in the code numbers

The type of swltches assoclated with the typewrlter keyas
influences the complexity of the 1n?ut matrix, It is possible
to design a diode matrix which willl generate the required
code when single=pole switches are used, A much simpler ma-
trix can be designed when doubleepole switches are employed
if the osode 1s carefully chosen. This simplification will
be apparent when the input matrix design is conaidered,

If double«pole switches are used on the typewriter, the
input matrix can be conmstructed without diodes. It is merely
necessary to select code numbers associated with the keys with
only one or two digits which are "1", and the remaining dige=
its "O" such as, for example, 0101000,

A question arises sconcerning the number of diglte which
are necessary in the required code numbers so that the above
condition ocan be fulfilled, A typewriter has Ll keyas includ-

- ing the shift key which require & code number containing one
or two "1tg",

A surprising relation exiats between the binomial coe

efficients and the binary numbers. Consider the Paseal tri-
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. angle of blnary coeffiaients shown in Table 5.1. The goe
efficlents in any one row can be associated with all of the
binary numbers containing as many digits as the second co=
efficlent in that row in the following manner., GConsider for
examole the row containing the coefficients 1331 and the seb
of 3-digit binary mmbers: 000,001, 010, 011, 100, 10%,

110, 111, 1In this set there §8 1 binary number containing
no "1's", 3 binary numbers oontaining one "1", 3 binary num-

. bers containing two "1's", and 1 binary number sontaining
all three "1's", This identification 1s easily confirmed
for any row in the triangle and the corresponding set of

binary numbers,.

1 4 6 L 1
1 5 10 10 5 1
1 6 15 20 185 6 1
1 7 22 35 35 21 7 1
1 8 28 56 70 56 28 8 1

1 9 36 84 126126 & 36 9 1
1 10 45 120 210 252 210 120 45 10 1

Table 5.1 Pascal's Triangle of Binary Coefficients

Since ll; binary numbers are necessary which contain aply
one or two "l's", it can be seen from Table 5.1 that the ecode
. numbers require a minimum of 9 digits eash since the set of
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9«diglt binary numbers contains L5 such numbers.
5.3 Code design

The process of devising an approprlate code by trial and
error 1s a difficult chore, Rather than assume a possible
code and test it to see that no ambiguities result when the
contraction addresses are formed according to Eq. (5.3), a
more stralghtforward methoed ean be used.

A set of letters 1s selected which divides the sontrace
tions into two approximately equal groupa; those which cone
tain the letters, and those yhich do not., Another set is
chosen and the two above groﬁpa are separately divided as
before into four groups. This process 1s continued until
all of the contractions are separateds In selecting the set
of letters %o be used in dividing the groups, care 1s taken
not to use each letter more than twiece and not to use the
same palr of letters in two different sets. When this sep=
aration is ascomplished, a possible code can be written,
This process 1s repeated until a code requiring as few dig-
ita as possible 1s obtained.

By using the above method, a possible code has been
determined. Although a 9=digit code would be adequate as
demonstrated above, the best effort produced the 10-digit
eode given in Table Se=2,

In addition to these 10 digits, three additional dig-
its are required to prod@oa an unambiguous input code for

all of the Braille sharasters which are considered. The
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A 0000010010 J 0001000001 8 0001000100
B 1010000000 K 0010001000 T 0100000000
¢ 0010100000 L 0100010000 U 1000000010
D 000000000] M 0100100000 Vv 0000000011
E 0000000101 N 0000010001 W 0001001000
F 0011000000 0 1000000000 X 0000011000
G 1000010000 P 0001000010 Y 0001100000
H 0010000001 Q 0201000080 Z 0000010100
I 0000100001 R 0000ORIDOYL

Table 5,2 A Possible Code

firg8’ &5 necessary so that the letters can be discrimihated
from the non=letters in using the sapital sign, this will be
clear from the design of the input matrix, The second ine-
dicates that the contraction key has been depressed. This is
necessary to distingulish the contrasction bb, coc, dd, ff, and
gg from the respective letters b,0,d,f, and g. The third 1is
assooclated with the shift key and is required to distinguish
between charasters in the upper and lower shift positions,

Appendix B contains the 13e-digit input code numbers for
the 163 Braille characters based on Table 5,2, Notice that
both of the comﬁlement&ry tracks for the 13th digit of the
code numbers on the photographic disc are transparent for the
letters of the alphabet, the period, and the comma, Thia 1is
done since it is not necessary to distinguish between the
upper and lower shift posltions for these echaractersj the
code numbers are identical whether or not the shift key 1a
used, Notlece also that three of the punotuation marks, the
dash, the left and the right bracket, require the use of the
contraction key. The dash is formed by typing two hyphens,
and the left and right brackets by typing two left and right
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parenthesis respeotively in the same manner as & contrastion
would be formed.
5., The input matrix

The cholce of code numbers containing only one or two
"l's",égaulta in a very simple input matrix, If doublee~pole
svigéhea are used 1n conjunction with the typewriter keys
thefmatrix oan be sonstructed as shown in Fig. 5.2 without the
use of dlodes.

In this circuit the more positive voltage 1s oconsidered
to be,M", When & key is depressed, the one or two chennels
co;Eagyﬁnding Fo the "1t's" of the code numbers are grounded,
and the multivibrators in the desired address register are
set ﬁ’cordingly. If several keys correasponding to a contrao=
t;pd)an depressed sequentially, then the code numbers assog=-

'A/jé%ed};Zth that contraction is stored in the register.

The need for the 1lth diglt in the code numbers can be
sesn frpm the figure. The 1llth channel and the additional
ehannel which has no association with the desired address
reglster recelve & connection from eash of the double=pole
switifhes which are assosiated with the noneletter typewriter
keys. Hence the output of the #OR"™ gate whisch is common to
these(ﬁmo channels can be used to disoriminate between let=
ters and noneletters. The "OR" gate which contains the first
ten chqpnela as inputs indicates merely that a key has been
depreaéed. This arrangement is required for the loglcal sys=

teltvassociated with the shift key as discussed in Section l.7.
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VI. SUGGESTED AREAS FOR BUTURE INVESTIGATION

The proposed encoder system 1s Intended to reduce the
smount of training required for transeribing inkprint text
into Grade II Brallle, Spesifically, the encoder eliminates
the need for knowing the Braille symbols by substituting a
standard typewriter keyboard for the present six key brailler
or stereotyper., By typing the letters of a contrasction, for
example, the operator 1s in effect selecting the corresponde
ing Braille symbol from the memory. The usefulness of the
encoder clearly dependa on the reduction of skill resulting
from this modification.

An evalustion of the system from the operator's point
of view should be made to ascertain its usefulness, It
should be pointed out that a working imowledge of the rules
of Braille 1s still necessary; the operator must know which
groups of letters are properly contracted. Since the Stane
dard English Brallle rules were developed specifically for the
Braille reader, conslderable effort was made to producs a com=-
munication system for the blind which is free from ambiguities,
Consequently the rules are complicated and contdin many ex-
ceptiona. The present difficulties in training transcribers
is due partly to these involved rules and partly to the astual
Braille code. An evaluation of the usefulness of the proposed
engoder should belbaaed on & study of the relative influence

of these on the operator's performance,
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The simplicity of the encoder deslgn suggests that 1t
may be useful for purposes other than the production of CGrade
IT Braille., For example, the design may be adapted to the
translation of teletypesetter tape to Grade I Braille, Pre=
sent efforts in this area have been based on switching cir=-
cuita, The difficulties which arise are a consequence of the
complexity of the required system, particularly in regard to
the problem of the capital sign. The flexlbility of the pro-
posed encoder indlcates that such an approach may result in
a reasonably simple system.

The ideal solution to the problem of producing Grade II
Braille would be the development of an inexpensive scheme

to automatically translate teletypesetter tape. Present ays-

tems for accomplishing this, whieh have been discussed in
Chapter II, employ general purpose digital computers. It is
intereating to note that it is slightly more expensive to
produce a8 Brallle copy of a novel from a suifable program
using the IBM 70} than by employing a human transcriber,”
Again the possibility exists for using the propcsed sncoder
deaign as the basls for a aystem considerably less complex

than a general purpose computer,

* From a discusaion with Mpr, Waterhouse.
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APPENDIX A,
THE SYMBOLS USED IN GRADE IT BRAILLE (1)

1L~ The alphabet and numerals

e o® 0e
on 8,1 4} €0 8
og 23 Is L
e 00U 0e
s0 b,2 co k T
G 5] oo
T 0 5
00 B3 o0 1 cou
00 ) ee
o0 ee 00
oe d,lt oo m eC Vv
60 0 1
00 o8 ] )
08 €55 oe n oo W
00 e0 L
1) ®0 e
®0 b 6 [e] Do X
oo ! 44 P
se o0 o0
o0 Bs7 ® oe
g L 8P o7
00 o0 ®
oo 1,8 o8 B
00 H: 1 [ 11
oe 00
o0 1,9 s r
00 00
2e The contractions
50 ee [ Ya) ce
00 o8 ally o® as oe ble
0e e® &a e
oe e 97 8@ 80
CO Ce ance oo oe ation o0 but
o® 00 e 80 or
'Y 00 0G
e> and e0 bb oe by
1) 15 os
oe 00 os
Oe ar 80 be 05 ean
o0 0 00
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Qo

2
oe oo cannot Oos Ce 6ver oo 1
o® ou cO N0 e
oo "1e) 0 ee
es CC ce eve ce ce 1%
o0 fols] Yy e 90 y
0 10 ee oe
oo oh ‘e eo father ee Jjust
oe oo 00 0
D0 @0 folo) 00 90
e n0 ocharacter oe If oo know
oD e o0 Q [ Is]
0 T 80
co ehild se foOr 00 knowledge
oe 1 1!
(oFe] e oe 0e
oo oom oo from o eo lesa
o0 00 oe eC
fola) 0 @0 Yo
se GoOn ‘s oo ful ec like
00 8 80 00
00 ee no 0OC 00
oe oe day se 28 ¢ oC lord
oo 0o s o0 e
(ale} 80 s 89
e dd e0 Eh e O many
oe oe e e
00 e 00 Ce
ee dls e gO ce ee ment
(sl } aQ e @0
o e @0 oo
ce do e oo had 07 more
00 2@ 00 o0
00 00 00 e
oo ©8 se have ae oo mother
oo oo o0 en
e 5 80 o ee
o> 0d '» es here oe Oe name
ce 3 00 o0 @80
00 co 03 e
e0 en eo his 0 eC ness
oe 13 e 80
D ed oo o0
‘8 e ence o In ~e not
ce 00 80 80
) oe o0
s> 8nou no in se Of
o gh as g L 1 )
e Go 20 Y 80
se O ‘e eoe® into S® One
ce e 80 e
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co
o®

o0
00

CeD
L X T
S0

(Bis)
Y

L 18]

*0
o8

e®C ®e OCe OCCe
COsp Coe 979 800

L X ls
CLe

ong

ou

ought

ound

ount

out

ow

part

people

qulte

rather

right

gsh

shall

gaion

8O

some

Cee

Ce0

e

3

ol
00
L s}
08

olw)

o0

L 18

a0

80
Al

2
J

spirit

st

their
there
these
this
those
through
time
tion

to
under

upon

59

eoCe
®0

o0 8
[ Tl

e

‘989
@

oe .
e

ua

very

was

were

where

which

whose

will

with

word

work

world

you

young



. 3. Punctuation marks and signs

oG 00

22 + (period) ce ve # (asteriock)
o] ] 0 80
80 » (comma) e ( (left parenthesis)
00 oo
§§ ? (question mark) ?E ) (right parenthesis)
os | (exelamation point) 0o ee (left bracket)
-5 0e ee
O Q0 Qo
Eg 3 (semi=golon) 88 CO (right bracket)
Eg ¢ (colon) T
0% u ao
8 (left quote) o9 capital sign
?g " (right quote) 23 / (fraction-line sign)
76 o5 ! (single laft quote) ce number sign
o9 ee q [ 1 ]
Q0 00 o0
1
g® o0 (single right quote) e letter sign
00 oe
28 ] (apostrophe) g{.! . (decimal-'point aign)
85 = {hyphen) % 1talle sign
oo 08
Q0 OO0 L
gg g;=-(dagh) 99 accent sign

ég poetry~line sign

Tg fg 68 ellipsis
80 &0 80

60



. The abbreviated words

ab about ehm children oleo ofeclock

abv  above gonev  oonocelve onef oneself

ac according gonevg concelving ourvs ourselves

BCr RCross cd could rd paid

af after dov decelve perev percelve

afw afterward devg deceiving percvg percelving

ag again dol declare perh perhaps

agggf against dolg declaring qk quick

alm almost el either rev receive

alr already gd good roveg recoiving

al also grt great rjo re jolce

alth although herf herself rieg re joleing

alt altogether hm him sd sald

alw always hmf himself shd should

bes because 1mm immediate sgh such

bef  Dbefore x8 its themsv themselves

beh  behind =f 1tself thyr thyaself

bel Ybelow ir letter to=4 to=day

ben Dbeneath 11 1ittle tgr together

bes beslde meh much to-m to=morrow

bet Dbetween mst mst to=-n to=night

bey beyond myf myself wd would

bl blind neo necessary yr your

brl Braille nel nelther yrf yourself

yrvs yourselves

¥ Groups of letters which are underlined asre oontracted in

forming the abbreviation,
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1.

APPENDIX B.

A LIST OF POSSIBLE INPUT CODE NUMB'RS

The alnhahet and numerals

0000010010004
1010000000004
0010100000003
000000G000100%
0000000101004
001100000000
160001000000%
N01000000100:¢
0000100001060+
000100000100t
0010001000004
010001000000
110010000000%
000001000100:¢
1000000000004
0001000010004
010100020000+
000000100100
200100010000
0100000000004

a,A
b,B
c,C
d,D

n,N
0,0
D, P
q,?
r,R
s,3
t,T

100000001009
002000001100
000100100000
000001100000%#
020110000000
0000010100004

0010000000000
0901000000000
0100100000000
0000010000000
0300001000000
00000001.00000
200000010000
1000000000100
01000000q9100
0010000000100

u,U
v,V
w,W
x,X
y,Y

z,2

I R B« L R A I Ve

4]

) Indicates that both of the complenientory tracks of the

13th dirit on the ohotopraphie disc are transparent.
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2e

The contrections

0101110010014
001011011101
0000010011014
0000011011013

000101011001+

110011001101+
101000010101+
1310010101014
1110000010014
1011100000013
001011001101+
111011001101
0010100001014
011011111101#
0110110001014
1110100600001
101011000101+
000111001101+
0001100101014
100000000101%
000001011101
000000010101
0000010101014
001011010101%
101001011101+
000000110101

ally
ance
and

ar

as
ation
be

ble
but

by
can
cannot
ch
character
child
com
con
day
dis

do

ea

ad

en
ence
enough

ar

63

000000111101
00011011120%s¢
011101111101+#
101100100101
1111101001014
1111010010013
101201000101+
1060001000001 %
001001001101
001001011101+
001000110101
001110010101+
000011000101
100011000101+
010010000101 #
010119000101
110100011101+
101101100101#
1111011101013
010101010101%
0110111101013
110001100101
010111001101+
010011010101+
110010110101%
111010110101 %

asver
every
father
{on
from
ful

gh

g0

had
have
here
his

in

ing
it

ity
Just
know
knowledge
leasns
like
lord
many
ment
more

mothsr



010011011101
1001010101013+
1710001000101
101100000001 :¢
100001010101
1000010001011
100000001001+
111001001101+
1200010011014
110001001101
1100010001001
1001920100001%
710101101101
110101011101
110110011101
011901111101+
111011100101+
N011000101.01+
011101011101
100111010101+
100100010001
110110010101+
010110111101+
710100010001%
010111010101 #
011000000101

name
ness
not

of

one
ong
ou
ought
ound
ount
out
ow
vart
neople
quite
rather
risht
sh
shall
sion
so
some
spirit
st
still
th

6l

0110010011014
0110000101014
011010110101+
011000110101+
0111000101013
011110010101
11110001.02.01%
1110011011013
N10010010101#
110011000101
110000000001
100001111101
100101001101
100197011001
005101112001
0001001101014
001100100101+
001170110101
0011101001013
1011001101014
0101111001014
011110100101
100100100101
107190120101
110101100101
1001100010013
100111001101

that
the
their
there
these
this
those
through
time
tion
to
under
upon
us
was
were
wh
where
which
fwhose
will
with
word
work
world
you

young



3. . Tunctuatlion marks and signs

000000001010* , {period)
000003000110% , (comna)
0000000100101 ? (question mark)
2010000000901 [ (exclamation noint)
0000001000100 ; (semli-colon)
0000001000101 : (colon)
0001003000001 " (left quote)
0000100000001 " (right quote)
0000010000001 ' (single left quote)
0000001000001 ' (single right quote)
1000000000101 ' {apostrophe)
0001000000190 - (hyphen)
7001000000110 ~ (dash) #

2001000000101 + (asterick)

35

0100000000101 { (left varenthesis)
0010000000101 ) (ripght varenthesis)
0100000000111 [ {left bracket,) i

0015009000111 ] (right bracket) =

##% Indlcates punctuation marks which require the use of

the eontraction tey as explained in Chanter V.,
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00NN000100100 / (fraction-line sign)
0000100000100 number slgn
0NN0120000101 1letter sign
0000010000100 , (decimal-noint sign)
0000012000101 1italic sign
0000000100001 eccent sign
0N000N0010001 poetry-line sign

66



APPENDIX C,
LIGHT-PIPE DESIGN

C.1 Basis of the desipgn

The lightepipe 1s designed so that light rays entering
the tube always strike the polished surface at an angle less
than the eritical angle and are completely reflected back
into the plpe. The end of the pipe at which the light enters
is rounded to serve as a lens gso that the light rays inside
the tube are parallel to the axis before they strike the sur-
face,

The light=pipe has two sections:! a paraboloid and a
conical sectlion as shown in Fig, O,1. A paraboloid ias used
since it has the property that all incident rays parallel to
its axis are reflected through the foous. Consider ray (1)
which strikes the intersection of the two segments. The re~
flected ray passes through the foecus, F, and just enters the
exit tube st angle §, which 1s the maximum angle of incidence,
It can be seen that any other ray such as (2) or (3) will ene
ter the exlt tube at an angle not greater than 8, after hav-
ing made only one reflection from the surface of the pipe.
C.2 Derivation of equations

Consider a parabola whose focus 1s at the origin of a
coordinate system as shown in:the figure., This curvs has the

equation:

xa,z= da(x+a) (Cal)
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Slope-mo Paragglie
Sectlion

Xy - xl

Fig. C.1 Light~Pipe Design
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where a 1a the diatanece from the vertex to the focus as

shown. The slope of this curve 1s:

‘i& 2o
Mvnz = (Cc.2
gy o T )

If an incident ray, parallel to the axis, is reflected
from a surfaoe of the pipe which has a slope m = tan do,
the angle that the reflected ray makes with the axis is 2¢,.
Then using the expreasion for the tangent of a double angle:

2,

(-]

tam 2¢, =wm =

where m, is the slope of the reflected ray. Solving Eq. (C.3)

for m, in ferms of Dy» there results:

—L+V 1T mE (8.1)
Wi 3

M, =

Assuming that Vo the radius of the exit tube, has beon
selected, the equation of the linear segment of the light
pipe is:

\a_: 'mox-t-ué,_ + My X, (C.5)

where Xo 18 defined in the figure. The equation of the ray
reflected from the Intersection of the parabolie and linear

segments through the focus is:

4= mgx (c.6)

By manipulating Equations (0,2), (C.%), (C.5), and (C.6), it
is posaible to obtain the following expression for a, which
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completely determines the equatlion of the parabola:

mo(MOKZ +%1-)
a-= 1 + W‘ot (007)

The oritical angle for any material can he obtained from

the familiar equation for refraction:
M, S ¥ + N, SIn L

By setting r w 90°, the critical angle, 1,, results:

' . =\ Y\.

Le= Sin ", (C.8)

The critical angle for plexiglas is 47.8%

C.3 Design procedure and sample calculation

By using the equations derived asbove, the design of the

light=pipe 1s quite simple. The following procedure 1s use-
ful:

Procedure Sample Calculation

(1) Seleot Vs Too 8. : 8, & 418 Let Y= 0.250",

Yp= 0.028)
6= 30°
(2) Caloulate m,t M= tomBe M= 0.877
: de
(3) Caloulate x,: X o= =7 *y= 0.043"
-+ l+mt
(}) cCeloulate m, ¢ M= v m,= 0.268
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(5) Caleulate at
(6) Caloulate vt

(7) Calculate x,°

(8) Caleulate X

(9)

- Mo (‘Moxl*' &5)

& |+ wmp*
o S
9°% i,
o

Ko = 4—-;:"0"
z

}(‘z —é-; - A
4.0

The total length (excluding the
lens and exlt tube) is L & X+ Xp8

T1

&= 0.0094"
é’ = 0.068\ 3
p o.18"

x": 1.70"

L= |N4"
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