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ABSTRACT 

The Braille system of embossed dots 1s the conventional 
method ·or presenting published material to the blind. The 
present method for translating 1nkprint text into Grade II 
Braille requires a highly trained operator. The PU!'PO&e ot 
the thesis is to develop a typewriter-operated encoder which 
will facilitate this translation. 

In the first chapter the Braille system is summarized, 
and the important factors which complicate the problem ot 
designing a typewriter-to-Grade II Braille encoder are point• 
ed out. Based on these considerations, the thesis objective 
1a given, 

To more completely define the problem, a awmnary of 
existing devices is presented, These devices include man• 
ually operated machines such as braillers, stereotypers, end 
modified standard ty-oewriter systems; and automatic systems 
which are in effect either digital computer programs or 
special ~urpose digital systems. The uses, advantages, and 
disadvantages or these devices are discussed. 

The functional requirements or the proposed system are 
then considered. An attempt is 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 basic dea1gn 
of the encoder system is developed. Emphasis is placed on 
the principles or operation or the various subsystems which 
comprise the encoder rather than their detailed design. 

A chapter 1a devoted to the problem or selecting a suit
able oode and designing a simple matrix to generate it. 

The final chapter suggests areas for future inveati• 
gation. Thia includes the evaluation of the proposed system 
and the adaption of the basic design to other purposes. 

Thesis Supervisors: Samuel J. Mason and Ronald J. Massa 
Titles: Professor of Electrical Engineering and Instructor 
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I. THE PROB. DEPIWED 

The Braille system or raised dots 1a the oonventional 

method ot presenting published material to the blind. The 

purpose ot this thesis la to develop a typewriter-operated 

enooder wbioh will tao111tate translation ot publi1hed mat

erial to Grade II Braille. 8'6De oonventional methods ot 

performing this translation Ntquire highly trained trans• 

oribera, such an enooder would be use.tul it the required . 

operator•• skill oan be reduced. 

The pur-pose or this chapter is to summarise the Braille 

system and to point out the raotora which complicate the pro• 

blem of designing auch .a device. Baaed on these considera• 

tiona, the objeot or the thesis is diaouaaad. 

1.1 A aUD111a17 or the Braille system 

The Braille system, since its introduction in 1829, 

has been aubjeot to caretul study by various committees in 

an effort to prodUoe a system which presents the greatest 

benefit to the blind. The evolution ot Braille has been a 

ve-rry tedious process and countless revisions or the ayatem 

have oocured throughout ita development. The accepted set 

ot rules tor Braille used for general literature at the pre• 

sent time 1a called StandaN English Braille.Cl)* 

Numbers refer to bibliography in Appendix D. 
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Standai-d English Braille is baaed on the "cell" which 

contains six embossed dots arranged in two columns as shown 

in Fig. 1.1.* There are 63 possible combinations or these 

six dots which are used to represent letters or the alphabet, 

numerals, punctuation marka, signs, oonnnon groups of letters, 

and whole words. 

Several levels or "grades" ot Standard English Jhtaille 

are uaed:(l) 

(1) Grade I Braille 1a unoontraoted; a one-to-one corres

pondence ext•ta between the letters or a standard ink• 

print text and 1ta Braille counte~part. 

(2) Grade II Braille is moderately contracted; a total of 

lBS contractions are employed. These contraotiona in• 

elude words and common groups ot letters which may be 

used as part-words. 

()) Grade III Braille is a highly contracted form and has 

limited usage in app11oat1ona where a shorthand nota• 

tion 1s convenient. 

Although strictly not a torm ot Standard English Braille, 

Grade One•and•a•Balf Braille is used to a large extent tor 

paeral publication•• 

The contracted rorma ot araille result in apace economy. 

FloJ?..example Grade II Braille requires an average or Ji cells 

,:ier word as compared to~ cells for Grade I Braille. 

o Braille sample used b7 permission ot the Perkins School 

for the Blindo 
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Braille Alphabet and Numerals 

a b C d e f g h 

k 1 m n 0 p q [ s 

u V W X y z 

( ) 

Numaral&laa Car,61allllgD 

I 

1 

a 

2 3 4 5 6 7 8 9 

The six dots of the Braille cell are arranged and 

•••• numbered thus: 2••? The capital sign, dot 6, - ..... 
placed before a letter, mates lt a capllal. The 
numeral sign, dots 3, 4, 5, 6, placed before a char
acter mates It a figure and not a letter. The 
apo:itrophe, dot 3, lite the other punctuation marks, 
is formed in lower part of the call 

Perkins School for the Blind 

Watertown, Mus. 

t 

" 

0 

Fi ~. 1.J A Sample or }mbosscd Brai lle 
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1.2 A deaol'iption ot Grade II Braille 

i'he transcription ot text to Grade II Jhlaille is com

plicated by the contltaotiona and the numerous rules regard• 

ing their use. Por example, it is possible to tran1cribe 

the word "gathered" three wayat gather/ed,* gathered, and 

ga.!h!,r,!!. Only one ot these, galb!,red, la however in acoord• 

ance with the l'Ule1.(l) 

The contractions may be classified aa tollowss(l) 

(1) Abbreviated words have no special Braille signs to ex

press them, but they are alway■ abbreviated and are re• 

presented by certain letters only. For example the word 

"afterward" is always denoted by the Braille signs tor 

the letters "ah" in Grade II Braille. i'he abbreviated 

words require trom 2 to$ oella tor their representation. 

(2) Word sips are one or two-celled contractions which may 

be used as whole words. In general the Braille symbol 
~ 

rcr the first letter ot the word 11 often used aa, tor 

example, "j" tor "just". 

(3) Initial contractions are two-celled oontractiona which 

may appear either as words or aa part-words. 

(4) Pinal oontraoliona are two-celled contraotiona which ma7 

not be used aa whole words or as the beginnings ot word■• 

Examples are "alion" and "enc•"• 

(S) Other one•oelled contraotiona may be used as whole words 

or part-words. 

* Groups ot letters which are underlined are oontracted. 

10 



Ot the 18$ oontract1ona, 73 are abbreviated worda. 'the con

ti-aotions and the othel" symbols 1111ec!· ta l<htade II Braille are 

included in Appendix A. Note that with the exception of the 

abbrenated woi-da, the oontreot1ons require either one or two 

cells. 

The rules l"&garding the usage or the aontraationa ot 

Grade II Braille are complicated and the exceptions to the 

rules a:re many. The examples listed are tn,1calf(1. 

(1) Some aontractiona may not overlap well-detined syllables. 

For example the one-celled contraction "ot" may be used 

in "■.2!,t" but not in Rprotound"• 

(2) Certain oontraotiona are preterred to others whenever 

two poas1bilit1es ooour. As an example the oontraotion 

"••" 11 properly used instead of "ar" in the word "earthn. -
()) Some cont1'&ct1ona may not be used if the pronounclation 

of the group is affected. The aontraotion "under", tor 

example, may not be used in the word "launder". 

1.3 'l'heaia objective 

The objective ot this theaia 1s to develop an encoding 

system whioh will taoilitate the tranalation or text into 

Grade II BJ-aille. Thia grade ia chosen apac1t1oally 11noe 

it is the conventional form tor published material. Beoause 

the Braille autbor1t1ea are reluctant in general to modify 

the rules of BN111e, the dance must be oapable ot produo1ns 

Grade II Braille exaotly. Possible encoding techniques 

should raoaive ca.rarul oonalderation ao that the proposed 

ayatem is simple and inexpensive. 

11 



II. A DESCRIPTION OF EXISTING DEVICES FOR PRODUCING BRAILLE 

The various device• tor produoing Braille cover a wide 

range or complexity. For example the simplest device, the 

slate, 1a merely a guide plate which is clamped to the paper, 

and the embossing ia done by forming the proper dots manually 

with a small tool. At the other extNme, the IBM 704 oom• 

puter has reoantly been programmed to automatically translate 

inkprint to CJitade II Braille.< 2 ) 

To more completely detine the problem or deaigning a 

Grade II Braille encoder, a summary ot some or the existing 

devices, their uaes, advantage■, and diaad•antagea, 1a pre• 

sented in this chapter. These devices are divided oatagoi

ioally into those which are manually operated and those wbioh 

are automatic. 

2.1 Manuall7 operated devices 

2.1.1 Bl'aillers and atereotznera 

The most common device, excluding the slate, tor em

bossing a single copy ot Braille text 1a the brailler. This 

machine has six key■, one corresponding to eaoh dot or the 

Braille oel11 and a space bar. By depressing the proper oom

binations ot the six keya simultaneously, an embossing head 

tot'IDa a complete Braille cell directly on the paper. The two 

most oomnonly used braillera in this country are the Perkins 

Breiller,(3)made at the Perkins School tor the Blind, and the 

Hall Braillewriter,<4) manufactured by the Amerioan Printing 

12 



House for the Blind. Tbe brailler, wbioh ia designed specit• 

ioally for uae by the blind, ia a great improvement over the 

slate. The meohanioal speed ot the device ia quite highJ The 

Perkins Brailler, tor example, can produce up to seven cell■ 

per seeond.* Any grade ot Braille can be produced on the de• 

vice depending on the needs of the operator. 

The atereotyper<S) is related to the brailler 1n that it 

also bas six keys. The stereotyper ia used to emboss z1ne 

plates tor printing Braille and, hence, is operated by the 

sighted. 

Both of these devices have several disadvantages. 

First the operator must be an expert in the rules or Braille 

and must know the Bt-aille code tor the alphabet, contractions, 

and abbreviated word■• Secondly the operator is re,uired to 

depress up to six keys simultaneously rather than only one 

key as with a standard typeffiter. Because ot these two re• 

quirem.enta, it typically requires nearly two years to train 

a stereotyper operator.* 

2.1.2 Modified standard t12ewritera 

One disadvantage or the brailler oan be eliminated by 

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

* From a disouaaion with Mr. Dav1d Abraham, Chiet Engineer, 

Rowe Preas, Perkins School tor the Blind. 

H From a diacuaaion with Kr. Waterhouse, Director or tbe 

Parkin■ School tor the Blind. 

13 



tol"lll the complete Braille cell. A standard typewriter baa 

been used in several systems tor producing Braille. 

Jobn Wheeler ot Imt has developed a system for produo• 

ing any grade or Braille by employing a standard IBM electrio 

tn,ewriter and a diode matrix.<6) Since a t1l)ewriter baa 

only 44 keys and the Braille system employs 63 possible ohara• 

cters, a spaoial switching arrangement waa neaeasai-y. Thia 

was aocompliahed by inverting two columns or the Braille cell 

when the shift key was depressed. Although thia arrangement 

eliminates one disadvantage or the bra1ller, the operator must 

■till be expert in the Bre.ille code. 

A type"191ter system which will emboss Grade I Braille is 

presently being developed by the Department ot Yeohaniaal En• 

g1neer1ng or MIT under the supervision of Dwight Baumann. 

Thia ayAtem can be operated by an ordinary typist with little 

additional training and will be usei"ul in bus1neaaes wh1eh 

employ the blind. In addition to the Braille oopy, a standard 

tJ'l)ewritten copy will be simultaneously produced. 

2.2 Autoutlc devices 

Automatic devices tor producing Braille are necessarily 

much more complex than the manually operated machines. The 

methods described represent either special purpoae digital 

systems or computer programs. 

A switching cirauit al'?"angement to translate teletype• 

setter punched tape to Grade I Braille is being developed . 



by Friberger or the Veterans Administration.* Teletypeeette~ 

tape 1a punched by a linotype maohine simultaneously as it 

sets tl'l)e to be used tor printing. Sinoe these tapes are or• 

dinarily discarded atter use, they oan be used to make avail• 

able a oonaiderable amount ot literature which otherwise 

would be impossible. One disadvantage is the tact that the 

resulting output ia not Grade II Braille. 

Several attempts to automatically produce Grade II 

Braille have involved computer programs. IBM bas programned 

the 704 computer to translate teletypeeetter tape to Oi-ade 

II Braille.CA) The output, also on magnetic tape, is used 

to emboss zinc plates on a specially designed embossing machine. 

Abraham Nemeth ot the University or Michigan is developing a 

similar pi-ogi-am tor the IBM 650 colDJ)uter." 

A apeoial purpose computer, wbioh has been developed by 

David Milne, a 17 year old high acboo1 student trom San Diego, 

California, -produces a contracted torm ot Braille.<7> Thia 

device has been named the Beta Braille Electronic Tranalato~ 

Automatic. 

* From a discu111on •1th Dr. Eugene MUl9J)by, Director of the 

Department of Proatbetios, Veterans Administration. 

** F?-om a disousa1on with Mr. John Dupreas, D1i-eotor ot 

Technological Research, American Foundation for the Blind. 



.... -m. FtJlfC'l'IONAL REQUIRBMEN'l'S OF THE PROPOSED SYSTJ!B 

From the preceding chapter, it is evident that the 

existing devices tor producing Grade II Braille tali gen

erally into two distinct categories: 

(1) relatively simple devices which require a skilled 

operator highly trained in tbe Braille system, and 

(2) highly complex systems such as general purpose com• 

puters which eliminate the need ror a speciallt trained 

operatoi-. 

This grouping is possible because in the aeoond category the 

memory or the operator is replaced entirely by tbe system 

resulting in a large increase in its complexity. 

The proposed system ia intended to be a compromise be• 

tween these two categories. The complexity ot the system 

increases as the skill demanded or the operator decreases. 

It is the pur~ose or this chapter to define the requirements 

or the system and the requirements of the operator so that 

the resulting system is reasonably inexpensive and a minimum 

or t~aining 1a required or the ope~ator. 

For convenience the system will be considered in three 

parts: the input, the encoder, and the output. 

J.1 Possible approaches to the problem 

In the operation ot the brailler and the other simple 

devices which produce Grade II Braille, the operator mat 

make several daoisions before tlll2'11ling a oell. The ~allowing 

16 



questiona must first be answered: 

(1) Ia the word an abbreviated word? 

(2) Does the letter no?'llllllly fol"ID part or a oontraotion? 

(3) Are there any i-ules which forbid -the use of the oon• 

traction 1n this partioulai- word? 

(4) What is the Braille s1Dtbol for the abbreviated word, 

oontraotion, or letter? 

The required complexity of the automatic systems for 

producing Grade II Braille is primarily a oonsequenoe or the 

first three questions. For instance, to answer the third 

question, it is necessary that the system contain in stor-

age some form or a list of words which are exceptions to the 

i-ules or Standal-d English Braille. Otherwise it would be 

impossible, using ordinary digital system techniques, to ror• 

bid, tor example, the use ot the oonti-aotion under in the 

word launder because the sound of the oonti-action has changed. 

To devise a relatively ineJCl'ensive system which does not 

~equ1re the u■ual skill of a trained operator, two approaches 

are possible in view ot the preceding diaauasion. One ap• 

pJ"taoh would be to modify the rules of Braille so that the 

translation would be more amenable to ordinary digital tech• 

niques. The other would be to eliminate the need tor the 

operator to know the Braille symbols, but only to recognise 
. 

when oontraotions and abbreviated words should properly be 

used. 

17 



There 11 much to be said for both approaches. The tirat 

would be ve17 deairable it a considerable reduction in raquirtd 

equipment would result and it the mod1t1oat1ons or the rules 

would be acceptable to both the Braille authorities and the 

blind. Suoh an approach would require careful consideration 

of the rules ot Braille and the increased d1tr1oulty in read• 

ing Braille as a consequence ot changing these rulea. 'l'be 

saoond would be desirable it a reliable and economical system 

could be developed which would result in substantially leaa 

operator skill than existing devices demand. The proposed sys

tem is baaed on this second approach. 

J.2 Input equipment requirements 

An obvious choice tor the basic input device la the atan• 

dard tynewriter. Considerable advantage oan be taken ot the 

tact that tn,1ng is a very common skill it the operation ot 

the in~ut equipment is designed to deviate as little aa p91~ 

aible from standard typing procedure. Further advantage 1■ 

gained from this choice since a typewrit•en copy ot the mat•· 

erial would be available tor proori.eading. 

It is neoessal'J', of course, to supplement the standard 

typewriter ao that it can provide the p~oper fol'D1 or intox-ma• 

tion to the encoder. This would require some arrangement ot 

switches associated with each typewriter key. Care should be 

taken in designing the encoder to insure that a typewriter can 

be conveniently moditied to accomplish this purpose. 

In addition some auxiliary means is required to indicate 

18 
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that a gpoup of letters roi-ma a oontraotion. This could be 

accomplished by employing an additional switoh, such as a 

toot pedal, wblab is depressed, tor example, as a group or 

letters which comprise a contraction ia typed. By using tbia 

additional switch, or contraction key, the operator is in et• 

teat aignif71ng that the letters which are being typed are to 

be o,onaidered colleotiyely aa a single input determining the 
\ 

in-oper Braille symbol. · As an example the word "oomplete", 

which requires six Braille oells, would be tol'llled by using 

the oonti-aotlon key for the contraction "oom" and then typing -the letters "plate" without using the contraotion key. 

In determining the 'required speed ot the encoder and the 

output equipment, the ml.x1mum typing speed must be chosen• 

Sixt7 words per mlnute, seema to be a reasonable choice for 

this maximum ainoa this value 1a the typical speed achieved b7 

an average typist. Th~ use or the contraotlon key will -tend 

to slow the operator down somewhat. 

3.3 Encoder reguirementa 

'l'he encoder ia a digital system whose purpose 11 to pro• 

vide the prop-r Braille symbol or symbols to the output de• 

viee in accordance with the input signals. In general the 
. 

encoder should be reliable, inexpensive, almple, and should 

be easily reproducible. 

The natuN or the Braille output .or the encoder poaea 

two problems which require oonaideration. The tirat is in re• 

gard to the method in whioh eaob Braille cell la read out ot 

19 



the enoodep and the second involves the maximum number ot 

cells which are produced tor eaoh separate input. 

Eaob BNille oell 1a essentially a six digit binary num

ber. It 11 possible for the encoder to provide this number 

in two different waye: sequentially ao that one digit tollowa 

the next in time; or simultaneously by using six separate par

allal channels, one for each digit. Beoauae ot the aimplioity 

which the aecond method lends to the readout operating ot the 

encoder, u discussed in the next section, this s._eme ia 

ohoaen. The encoder then requires ah: separate channels. 

In the Bnille system aaah letter of the alphabet 1a 

represented by one cell. A oontraotion, however, may require 

either one or two oella, and an abbreviated word, ~om two 

to five cell■• Ir a oontraotion or abbreviated word is con

sidered to be a single input, aa 1s easentiall7 the case when 

the oontnction key is used, then the encoder must be d••1sn• 

ed to p:roduoe more than one Braille cell tor a single input. 

Several raaton must be oonsideped in choosing the maximum 

number .~r oella which can be generated by eaoh input. 

The' oomplerlty or the encoder will be reduoed it the 

ope~ation ia the same regardless or the number ot cells 

oorNsponding to a single input. For example, it the encoder 

1■ designed to produce a maximum of five oella1 it would aim

plity the encoder design to aonaider "•PJ' output to conalat 

ot five oellar some ot these would include calla containing 

no dota. It this scheme 1• used, however, the encoder and the 

20 



0 output equipment must be oapable ot produoing five Braille 

calla in the time required tor eaob inpu,. Etther the en• 

coder and the aasooiated output equipment must be operated 

at exoeaaive speed- (2S oella per aecond tor a tn,1ng speed 

(_" 

ot 60 words per minute) or the rate or the information input 

muat be deoreaaed • 

. Since the mazimum number or oells required tor anJ con• 

traction is only two and a1noe the abbreviated worda, whioh 

require ti-om two to five cells tor a single input, oan be 

tol'!Ded bJ typing logical groups or single letters such as 

"abv" tor "above", the choice ot two cells as a maximum out• 

put tor a single input seems to be a reasonable selection. 

i'be contraction key would then be used only when a oontrao

tion is typedJ an abbreviated word would be tormed by typing 

the letters comprising the abbreviation without employing 

the oontraotion key. The encoder must then be capable ot 

,roduc1ng an average ot 10 cells per second to be consistent 

with an input speed ot 60 words per minute. 

The memory ot the encoder must contain the alphabet. 

numerals, oontraotiona, excluding the abbreviated words, punct

uation marks, and the misoellaneoua signs peculiar to Braille. 

'l'hia includes a total of 163 entries wb1oh are listed in 

Appendix B. 

3.4 Output equipment regutrementa 

The output device may be either an embossing mechanism 

which to1'11lfJ the dots in the Braille oell direotly or some 
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torm ot recording equipment. Although it may seem oon• 

venient to produoe the Braille in a form directly usable by 

the blind, several advantages result tram the use or punched 

tape. 

First the tape can be used to operate a variety of seo• 

ondary devices to produce the embossed Braille. These inelu.ds 

pla~e•emboasing maohines similar to the stereotyper for auto• 

•tioally producing sino plates suitable for printing Br~ille•(Z) 

automatic braillers whioh oan make one or several embossed 

oop1ea ot the recording,* or Braille reading maoh1nes wbioh re

produce temporai-ily the Braille code recorded on punched tape.(6) 

Each ot the above devices have been developed, and presently 

an etrort is being made. to improve them. 

It would be desirable it errors can be easily corrected. 

Sinoe a ttped oopy of the material is available tor proofread• 

1ng1 a punched' ... would be advantageous since oori-eot1ona 

can be easily made before the tape la used as an input to the 

awdliary devices described above. 

Fl'Om a disou1sion with Mr. Waterbouae. 
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IV. THE ENCODER SYSTPJI 

In this ohapter the basio design or the encoder system 

is presented. The e1aential _Prooeaaea involved in a perman

ent-storage memory encoding system are described, and the 

proposed system operation 11 oonaidered with reference to 

this. description. In particular oaratul consideration is 

given to tbe process or ooinoidenoe detection. 

Emphasis bas been placed on the principles or operation 

of the various subsystems which comprise the encoder rather 

than on their detailed design. This chapter by no means re

presents a completed design ot the encoder but rather a 

functional description on which such a design can be baaed. 

Various techniques have been carefully considered so that the 

overall system 1s simple and inexpensive. 

4.1 The essentials of a permanent-storage memory encoder 

There are two different types or systems which lend them• 

selves to encoding: switching cirouit systems and permanent

storage memory systems. In a switching circuit system, the 

encoded output ia generated by the input code. The input 

manipulates suitable nitahing elements, auch as relays or 

diodes, in a network to produce the output. In a permanent• 

storage memory system, the encoded output 1a selected from 

a table or possible outputs by the input. In suoh a system 

the members or the table are ned until the desired out-

put 1a tound. 
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The essential components of a permanent-storage memory 
(c!) 

encoder are shown in Fig. 4.1. The purpose of the system is 

Input 
Code Desired 

Address 
Register - -

X(! Xi 

Co1nc1denoe 
Detector 

Memory 

Memory Output 
Address Oode 
Channel Ohannel 

Xi t(xs,> 

Fig. 4.1 Easentiala ot a 'Karllol"T SJBt.enl 

Out 
Readout Co - Gate t( 

put 
de --

to select the output code, f(Xc1), corresponding to desired in• 

put ooda, x4• Thia input code is temporuily stored in the 

desired address ~agiater and sequentially compared to the ad• 

dresaea, xi• 1n the_memory, eaoh address corresponding to an 

output code t(x1)• When xd and x1 are identical, the ooin• 

cidence detector opel'ates the readout gate and allows the de• 

sired output code, t(x4), to be read out of the memory-• 

4.2 Choice of a memo17 system 

In chapter III the encoder requirements were discussed. 

These are briefly sunmarized. 

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

simple. 



(2) The encoder requires six separate channels for the out

put oorreaponding to eaoh dot in the Braille oell. 

(3) The encoder must be capable of producing two Braille 

cells tor each single input. A single input implies 

either a single typeW'l'iter key ia depressed, or aev• 

eral are depressed while the contraction key 1a used. 

(4) -The memory must contain 163 address words. 

(~) The encoder speed must be consistent with an input 

speed or 60 words per minute. 

A variety ot memory systems are possible for use 1n the en

coder. A photographic memory system was ohoaen beoause a de

. sign is possible wbiah satieties all or the above requirement■• 

An encoder based on a pbotographio memory arrangement 

can be made quite inexpensively. Ordinary photographic tech

niques can be used for reproducing the memory. A unique op• 

tiaal ayatem can be designed without requiring lenses, and a 

variety of photodeteotora are available for converting light 

signals into electrical aignala.<9 ) 

·•3 Principle ot encoder operation 

4.3.1 A brief description of the encoder 

A sketch ot the arrangement or the basic components of 

the memory 1a shown in Fig. 4.2. The memor-y element 1a a 

oonatant•apeed rotating photographic diao containing infor

mation in the tol'Dl of transparent and opaque areas stored 1n 

concentric traoka. These tracks form two channels, one oon• 

taining the addresses and the other the output code. 

The basic operation is summarized1 

2s 
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( , Fig. 4.2 The Basic Arrangement ot the Photographic Memory 
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(1) Switches aaaoo1ated with the keys or the tTPewriter ai-e 

used to generate with the input matrix an appropriate 

inout oode. 

(2) Thia code ia temporarily stored in the desired address 

register 1n the form of light sources. 

(3) An optical a7atem la necessary to focus the light souroes 

through the traoka onto photodeteotora. 

(4) The aoinoidence detector determines when an address on 

the diao oo1nc1dea with the address stored in the de• 

sired address register. 

(S) When ooincidenoe oooui-s a strobe light ia nashed, read• 

ing out the des.ired output aode stored on the disc through 

app:ropriate photodeteotora. 

4.3.2 Oo1no1dence detection 

A ooinoidanoe deteotor compares two binary numbers and 

l'rOduoea a signal it, and only it, the7 are identical. The 

principle or operation ot auoh a device oan be seen by con• 

aidering the logical operations whioh must be performed in 

detecting this ,quality. 

Coincidenoe between two binary variables, x· and y, 1a 

given by the logical express1onz(8) 

where the prime denotes the complement or the variable. The 

validity of this ~elation can be established by oonsidel'ing 

Table 4.1. Prom this it oan be seen that O • l only tr 
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eithel' both X • 1 and ., • 1, or both x • 0 and 1. o. 

X ., .zt 1' rr z'7' a 
0 0 1 1 0 1 1 

0 1 1 0 0 0 0 

1 0 0 1 0 0 0 

l 1 0 0 l 0 1 

Table 4.1 Oo1no1denae Between Two 
Binary Numbers 

Consider two blnal'J' numbers or N digits eaoh which aN 

to be teated for aoincidence. It these two numbers are iden• 

tical then every digit ot one number must be identical to 

the corresponding digit ot the other number. Then to detect 

total coinoiden~e between the two number, Eq. (4.1) must be 

applied to each ot the B pairs ot corresponding digit1 ot 

the two numbel', x1 and 11, and the "Almn operating must be 

ap~lied to the resulting H variables, C1• Thia combined 

operation ia expi-eased in logical notation by the following 

two equat1onss 
\ I 

Ci= )(i.~i -+~t ~t 
Ci: ::: :c.. c1. •. c~ .. c1-1 

For the two numbers to be identical then Ct must be 1, 

otJhePWiae they are not equal. · 

The specitio method by which eolnaidenoe la detected 

between the binary numbei-- stol'ed 1n the desired addreaa N• 

giater and t~~ cori-eapond1ng number in the addNas channel ot 
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the photographic diso is considered in the following para

graphs. 

A method is proposed and, by making the proper iden• 

tifioations, is shown to satisfy the operations detined by 

F.qs. (4.2a) and C4.2b). 

Storing a number in the desired address register oorrea• 

ponda to turning on appropriate light aouroea. Suppose that 

two light sources are used tor each digit in the register such 

that one is the oom~lement of the other. Por convenience oall 

these light sources source #1 and source #2. Then when source 

#1 is on, source #2 will be otf, and vice versa. Suppose also 

that corresponding to eaoh light source there are two tracks, 

track #1 and traok #2, on the photographic disc. These two 

tracks are also oomplementsr when traok #1 is transparent 

track #2 is opaque, and .toe versa. 

Further consider the following notations 

Let x denote the state of light aouroe #lJ 

if X • 1 then SOU1"C8 #1 1s on, 

1r- x ■ 0 then soui-oe #1 is oft. 

Then z• will denote the oorreaponding state of light source #2. 

Let y denote either an opaque or a transparent area on the 

photographia diaoJ 

it y • l then the area on track #1 1a transparent, 

if y • 0 then the area on track #1 is opaque. 
' • Then yl will d~note the oorreaponding state or track #2 • 

. 
Also let O denote e,tber the presence or absence ot light 
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incident on the pbotodeteators 

if O • 1 then light la present, 

it O • O then light 1a absent. 

There are four possible configurations involving the 

light aouroea and the photogNphio diao. These are shown in 

Fig. 4.3. Table 4.2 oorreaponda to these tour oontigurationa 

using the notation displayed a~ova. A comparison ot Tables 

a= 1 

ll 
( a) lC : 0 

., • 0 

PhotOP'&Phia 

(b) X ■ 0 
7•1 

(o) X ■ 1 
.,. • 0 

a• 1 

(d) x ■ l 
.,.1 

Fig. 4.3 Possible Oont1gurat1ona ot the Addre■a S'f8lem 

4.1 and 4.2 demonstrates 

that b7 uaing two light X 7 x' .,, 0 

sources and two tracks 0 0 1 1 1 

on the disc tor eaoh di• 0 1 1 0 0 

git in the manner des- 1 0 0 1 0 

oribed above, the first l 1 0 0 1 

step 1n detecting coin• 
Table 4,.2 Address S7atem 

oidenae is indeed accom- Helationa 

pliahed. 
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It two corresponding digits in the register and on the 

diaa are identical, then the related photod,t;toe will be 

excited. For total ooinoidenoe between the two numbers, 

it ia neoaasal'J' for all N photodeteotors to be simultaneouely 

excited. Thi■ second step can be accomplished by using a 

multiple "AND" gate. 

4.4 CompD111111ta ot the baaio encoder 

4.4.1 The desired address register 

'l'be desired address must be temporarily stored while it 

ia being oompared with the binal"J' numbers in the address 

ohannel or the photographic disc. In Sedtion 4.3.2 it waa 

shown that the coincidence detection could be performed verrr 

simply it in addition to eaeb digit, its complement is stored1 

Thia oan be aooompliahed by using a bistable multivi

brator with two ordinary six volt inoandesoent lamps in the 

oollaotor circuits. Unsymmetrical triggering is used since 

the tlip•fiop must be set only once though several input aig• 

nala may ooour. The multivibrator must be reset after the 

output oode baa been read. 

4.4.2 The optioal system 

The Nquired precision ot the optical syatem is diJated 
A 

by the storage density ot the information on the pbotographio 

dieo. A system or lenses can be designed to properly tocua 

the light on the channels, but such a system tends to be ex• 

pensive, especially it a large number or channels ia necessary. 

A aiD1Pler leas elaborate method is desirable. 
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A unique "light•p1pe" optical ay1tem, baaed on the re• 

tlection or light, can be incorporated into the encoder de• 

a1gn. The ligbt•pipe 1a simply a tapered transparent plastic 

tuba with polished aurtaoea ao designed that all light enter

ing the large end is refleoted down the tube and emitted from 

the small end. 'l'he design is based on the principle that 

light, in passing fl'Om one ti-anaparent medium into anothe~ 

with a smaller index ot retraction, will be totally reflected 

back by the sui-taoe Uthe incident angle 11 greater than some 

or1tioal angle. A paraboloid oan be oonat:ruoted ot oleal9 

plastic on. this basis so that it etteot1vely focuses light 

on a small area. A aketoh ot the optical ■yatem tor a single 

digit in the address channel is shown in Fig. 4.4, and the 

details or the design are considered 1n Appendix a. 
The advantages or this arrangement over a lens system 

are apparent: 

(1) The light•pipe can be molded in quantity or a clear 

aorylio plastic such aa plexiglaa at low cost. 

(2) Mounting requirements are leas critical than a lena 

system would impose. Initial alignment or the light

pipea oan be dade quite simple it the mount is properly 

designed. 

()) The shape of the light•pipe allows two adjacent traok1 

on the disc to be olosely apaoed resulting in a more oom

paot arrangement or 1nto1"111&tion. 
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4,4,l The photograpbio di10 

In thia section the arttangement of intol"lllat1on on the 

photogra~hio disc is considered. Thia information is stored 

on oonoentrio tracks in the fol'JD ot transparent and opaque 

....... The address ohannel contains the input oode whioh 

identities the two-celled Braille symbols stored in the out

put channels. 

The two ·Braille cells are produced sequentially. Two 

methods are possible: 

(1) The first oell may be read out during one revolution of 

the disc and the seoond on the tollowing revolution, the 

same address position being used tor both or the oella. 

(2) Both cells may be read out during one revolution from the 

1ame channel, two address positions being neoeasary. 

The second method Nquirea twice aa many address code numbepa 

along the oiroumterenoe aa the first. Sinoe the atorage den

sity in the traoka ot the address oharmel is a or1tioal taotor, 

the tirat method 1a preferable. The disc then contains one 

address channel and two separate Bl'&ille output ohannela. 

Eaoh digit 1n the address oode requires two adjacent 

complementai-y tracks as shown in Fig. 4.s. Because or the 

nature or the method ot ooinoidenae detection, it 1a uaetul 

to a?'l'ange the address code numbers on the disc so that aa 

tew oo?'l'eaponding digits aa possible change 1n each auooess1ve 

number. It is then advantageous to use a nonretui-n-to-aero 
. 

type or storage when the consecutive digits ot the address 



1 Digit 

Traok /Jl \ y 
1 Bit 

Fig. 4.S Addreaa Ob.annal Traoka tor a Single DI.git 

I 

Light 
Pipaa 

number■ do not change. Thia implies that one track is com• 

~lately transparent and the other opaque aa shown. When a 

digit does change however, both ligbt•pipea must be blocked 

orr so that both are not exposed to a photodetector simul• 

taneously. This is done as indicated by the enlarged sketch 

of a single bit on the track. Notice that the diameter or 

the small end or the light•pipe is less than halt the width 

of a bit. 

Fig. 4.6 is a drawing or a possible layout or the disc. 

Several pertinent features of the design should be noted: 

(1) The address obannel is oute!'lllost on the disc since the 

track• are more critical than on the Braille output 

channels. 
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0 (2) Digits associated with tbe same address number are not 

radially aligned since space must be provided tor the 

light-pipes. 

I 

(3) Both Braille output channels are read out with only one 

strobe light through six ditterent pbotodeteotora. Thia 

requires staggering the photodetectora and providing a 

masking aM-ensement as indicated. 

4.S The timing s7atem 

The timing ot the system is a very important aapeot ot 

the encoder design. The following sequence is neoe1sa17 tor 

each oharaoter or contraction that 11 encoded: 

(1) The appropriate light sourcea in the desired address 

register are set according to the input code. 

(2) The oo1ncidenoe detector becomes operative when the ro• 

tat1ng disc reaches a reterence position. 

(J) During the first revolution or the disc, the tirat 

Braille cell is read out through a set ot six photo• 

de.actors. 

(4) During the next revolution, the seoond cell is read out 

through a different set or photodeteotora. 

(S) Wh~n the diso baa made exactly two ~evolut1ona, the coin• 

c1denae detector be~~mea inoperative, and the desired ad• 

dress register 1s reset to reoeive the next input code. 

A timing system tor accomplishing these steps is shown 

in Fig. 4.7. 
(1) A reference light is turned on simultaneou■ly as the light 
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sources are set in the desired address register. 

(2) When the reference poa1t~on on the disc, which ia in• 

dioated by a transparent spot on the oircumterence, is 

aligned with the reference light, a timing pulse oocura 

which operates the coincidence detector "AND" gate 

through the "HOLD" circu1,. 

(J) The first Braille oell is read out during the following 

revolution ot the diso. 

(4) A second timing pulse then flips a bistable multivibra

tor trom state "O" to state "l" gating the second set ot 

ohotodetaotora through which the seoond cell is read out. 

Notice that the first timing pulae has no ettect on the 

multivibrator since both signals to the "AND" sate 81'8 

not 'Pl'esent. 

(S) A third timing pulse flips the multivibrator back into 

state ·non and genentes a reset pulse which resets the 

desired address register, tU1'n8 ott the reference light, 

and makes the total ooincidence detector inoperative. 

The system 11 ready to receive another character and be

gin a new oyole. 

4.6 Logic asaooiated with the contraction ke7 

When the oontraotion key is depressed, the encoder 

operation must be 110dified. The system must be inoperative 
• , 

until the total input code identifying the contraction 11 

generated and stored in~,~e desired address register. When 

the oontraotion key 1a released, the proper Braille output 
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- is determined 1n exaatly the same manner as tor a single 

character input. 

A convenient al'1'angement for pertol"Dllng this mod1t1oa

tion is shown in Fig. 4.a. Wo?'1118.lly the oontraotion key 1a 

in the position indicated. When a typewriter key is de

pressed, a signal from the input matrix la allowed to paaa 

through "AND" gate #1 and initiate the timing ayatem as de• 

aoribed previously. 

When the contraction key 1.s depressed however, "AND" 

gate #1 will not allow the signal to pass. Instead it sets 

a mult1v1brator in the desired address register through 

"AND" gate #2. The purpose or this is aonsidered in Chapter 

v. "AND" gate #2 1s used to increase the reliability or the 

systems tr the oontraotion key is depressed aooidentlr, the 

desired address register is unatteoted. 

Since the encoder does not operate it the oontraction 

key is depressed, the last letter of a oontraotion must be 

typed with the contraction key in its no:rmal position. Po~ 

example to form the contraction nation", the oontraction key 

is held depressed while the letters "atio" are typed• then 

released before striking the letter "n"• .. 
4.7 Logic associated with the shift kez 

In the Braille system, a capital 1a formed by adding a 

separate symbol, the oap1t~l sign, in t'ront or a letter. It 

1a desirable to include this symbol in the usual way by de• 

pressing the shift key and striking the desired letter key. 
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Obviously it la not adequate to generate the capital sign 

every time the shift key 1s used since this would be inoor• 

rect for upper-case non-letter characters. For this reason, 

the capital sign is generated without the use or the photo

graphic diaa. 

The scheme shown in Fig. 4.9 is a convenient method for 

forming the capital sign: 

(1) The "AND" gate produces a signal only if (a) a key 1a 

de'PI'essed, (b) the key is a letter key, and (o) the 

ahift key is depressed. The arrangement for obtaining 

the signals when (a) and ~b) occur is described 1n 

Chapter V when the in~ut matrix is considered. 

(2) A signal trom the "AND" gate flips the multivibrator to 

state "l" which gates the timing pulse to a dl'iver whioh 

activates hole #6 ot the punch, the capital sign, and 

resets the mult1v1brator back to state "O". 

(3) A revolution later; the timing pulse is gated to the tim

ing system and the proper Braille symbols are read out 

as usual. 

The advantage or this arrangement is that the punch is not 

requi~ed to produce more than one cell for each complete re• 

volut1on or the photographic disc. 

4.8 The overall s7atem 

A diagram ot the complete encoder system 1s shown in 

Fig. 4.10. The details or the various subsystems have been 

- previously considered, and the in~ut design is discussed in 

Chapter v. 
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V • THE INPUT CODE 

The input code which is stored in the desired addreaa 

register must be generated as the typewriter keys are de• 

pre1sed. Thia preliminary encoding is aocomplished by the 

inl)ut matrix which is operated by switches associated with 

the tyneWl'iter keys. 

The input code and the matrix tor ganerating it are 

designed 1n this chapter. 

$.1 The t7pewriter ke7!?oard 

The standard typewriter keyboard is inadequate for pro• 

ducing allot the Braille symbols. For instance the Braille 

system contains special symbols which have no 1nkp91nt equi• 

valents. Fortunately the typewriter likewise contains chua

ctera which are not employed in Grade II Braille, and a mod

ification ot the keyboard 1a possible. 

Two taators require consideration in modifying the t11>e

writer keyboard: (1) The Braille system employs apeoial signs 

to aid in interpreting a sequence or characters. These in• 

olude the number sign, the letter sign, the italic sign, the 

accent· a1gn, and the poetry-•11ne sign. (2) lertain keya on 

the typeWl'1ter are used to produce several different cbara• 

ctera. Difficulty arises when these are represented by dif

ferent BJlDbola in Braille. Included in this category are: 

(a) The right and left quotation marka, (b) The right and 

left single quotation marks and the apostrophe, (o) The let• 



ter "l" and the numeral "l", and (d) Tbe period and the dee• 

lmal P,oint alp. 

Based on these considerations, a Joaalble keyboard ar

rangement la given in Fig. S.1. 

S.2 Basia for the code dealp 

S.2.1 Method or anooding the oontraotiona 

When a typewriter key ia depressed, an anpropriate bina!'J' 

oode must be generated and stored in the desired address re• 

giater. This code la compared to similar codes in the address 

channel ot the photopapbio diao, and the owreapond1ng Braille 

symbol la selected. It a oontraotion 1a to be encoded how

ever, the binal'J' codes generated by eaoh letter 1n the con• 

traotion must be combined to rorm a new cod~ which uniquely 

identifies the aontraetion. This code is then used to select 

the corresponding Braill• symbol. 

A great aimplitioation of the input oode results it the 

binary code identitying a oontraot1on can be tormed from the 

conrponent binal'J' codes oombinatorlallz rather than 1eguentiall7. 

Combinatorial implies that only the letters comprising the 

contraction need be considered in forming the code rathe~ than 

the order 1n which these letters ooour. For example, consider 

the words "taste" and "atate"s the order in which the letters 

occur 1a important, and a sequential arrangement would be re• 

qu1red to d1at1ngulah them. 

The oontractlona, which are included in Appendix A, oon

ta1n only two auob plra which would require sequential coding. 
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8 CDCDCDCDCDCDCDOCDCD 
KE!' -(1) • Number sign 

(2) Letter aign 
(J) Decimal-point sign 
(4) Italic sign 
(5) Accent sign 
(o) . Poetry-line aign 

Fig. 5.1 Possible Keyboard Arrangement 
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These a:re "into" and "tioh"J "every" and ttvery". Since the 

Braille symbol ror "into" can be termed trom the symbols 

tor the contractions "in" and "to", and the Bi-a111e symbol 

tor "very" in simplJ "v", these two oontraations will not 

be considered so that a simpler input code can be used. 

The oomplexity or the enood1ng system is reduced since 

a combinatorial arrangement oan be employed. Considerable 

advantage can be gained, tor instance. it all or the code 

numbers corresponding to the keys and the contraotions oon• 

tain the same number of d1g1taa Such a requirement allowa 

two code numbers to be combined digit by digit. 

The method tor oomb1n1ng the code numbers is baaed on 

this principle. Consider tor convenience the oontraotton 

"the" represented by the N•digit oode number O • o102••°t••OW• 

This number is to be formed by combining ~he B•digit oode 

numbers dOneaponding to the letters t, h, and et T ■ 1lt2.t1.tw, 
H • h1h2.lhi••hif• B ■ e1a2 •• a1••8W• so thats 

C-= C(T,H,E) 

By terming this combination digit b~ digit, Eq. (S.l) oan be 

expressed in tel"llls ot the B functional relations: 

CS.2) 

The most oonvenient logical operation to perform on the 

·digits ot the code numbers ia the "OR" operations 

4B 
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The i•th digit of the oode'·number for a oontraotion will then 

be "l '' i:t' any ot the i•th digits in the component code num• 

bera are "l"J otherwise it will be "O". For example its 

T • 01000 
Ba 00011 
li: • 01010 

then: a• 01011 

5.2.2 The minimum number or digits in the code number~ 

Tpe type or aw1tohe1 aasooiated with the tJ'l)ewi-iter keys 

influences the complexity or the input matrix. It is possible 

to design a diode matrix wbioh will generate tbe required 

code when aingle•pole switches are used. A much simpler ma• 

trix oan be designed when double-pole awitohes are employed 

it the code is caretully chosen. Thia aimplitication will 

be apparent when the input matrix design is considered. 

It double•pole switches are used on the typewriter, the 

input matrix can be oonatl"Ucted without diodes. It is merely 

neoessa:J:7 to select oode numbers associated with the keys with 

only one or two digits which are "1", and the remaining dig• 

ita "O" auob as, tor example, 0101000. 

A question arises oonoern1ng the number of digits wh1ob 

are necea~al'Y 1n the required oode numbers so that the above 

condition oan be fulfilled. A typewriter has 44 keys 1nclud• 

ing the shift key which require a code number containing one 

or two "l I s "• 

A surprising relation exists between the binomial co• 

efficients and the binary numbers. Consider the Paaoal tri• 
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- angle ot binary coettioienta shown in Table 5.1. Tbe oo• 

etf1c1ents in any one row can be associated with allot the 

binal9J' numbers containing as many digits aa the aeoond co• 

etr1o1ent in that row in the following manner. Consider tor 

examnle the row oontaining the ooetfioienta 1331 and the set 

or 3•d1g1t b1nal9J' numberss 0001 001, 010, 011, 100, 10,, 

1101 111. In this set there .tt 1. binary number containing 

no "1 1a", l biD&l"J' numbers containing one "1", l binary num• 

. bera containing two "l's", and! binary number oontaining 

all three Rl'•"• This 1dent1f1oat1on is easily oon1'1rmed 

for any row in t&e triangle and the corresponding set ot 

binal"J' numbers. 

1 
1 1 

1 2 1 
1 3 l 1 

1 4 6 4 1 

1 s 10 10 s 1 
1 6 lS 20 1S 6 1 

1 7 21 lS JS 21 7 1 
1 8 28 S6 70 S6 28 8 1 

1 9 36 8IJ, 126 126 ~ J 6 9 1 
1 10 l,5 120 210 2s2 210 120 4S 10 1 

Table S.1 Paaoal•a Triangle or B1DU'J" Coetticienta 

Since 44 binary- numbers are necessary wbicb contaia "-17 

one or two "l!a", it can be seen tram Table $.1 that the code 

numbers require a minimum of 9 digits eaoh since the set or 

so 



- 9•d1g1t binary numbers contains 4S suoh numbers. 

$.J Code design 

The process ot devising an appropriate code bf trial and 

error 11 a ditfioult chore. Rather than assume a possible 

code and test it to see that no ambiguities result when the 

oontraotion addresses are rormed aocord1ng to Eq. (S.3), a 

more atraighttorward method can be used. 

A set or letters 1a selected which divides the oontrac• 

tiona into 'two approximatel1 equal groups: those which con• 

tain the letters, and tboae whioh do not. Another set 11 
~ 

chosen and the two above gi-oupa are aeparatel1 divided as 

betore into tour groups. Thia process is continued until 

allot the oontraotiona are separated. In selecting the set 

or letters ,o be used in dividing the groups, oare is taken 

not to use eaoh letter more than twice and not to use the 

same pair or letters in two different sets. When this sep• 

aration is aocompliahed, a possible code can~• written. 

Thia process ia repeated until a oode requiring as tew dig• 

its as possible ia obtained. 

By using the above method, a possible code haa been 

determined. Although a 9•dig1t oode would be adequate as 

demonstrated above, the best effort produced the lO•dlgit 

code given in Table S•2• 

In addition to these lt digits, three additional dig• 

ita are required to prod~• an unambiguous 1ntrUt co4e tor 

all or the Braille aharaoters which are considered. The 



A 0000010010 
B 1010000000 
a 0010100000 
D 0000000001 
E 0000000101 
P 0011000000 
G 1000010000 
H 0010000001 
I 0000100001 

J 0001000001 
K 0010001000 
L 0100010000 
M 0100100000 
N 0000010001 
0 1000000000 
P 0001000010 
Q n01ooooto 
R 0000OIIOOl 

S 0001000100 
T 0100000000 
U 1000000010 
V 0000000011 
W 0001001000 
X 0000011000 
Y 0001100000 
Z 0000010100 

Table S.2 A Possible Code 
I. tirst! ta necessary so that the letters can be discriminated 

trom the non-letters in using the capital sign, thia will be 

clear trom the design or the input matrix. The second in• 

dioatea that the oontraotion key baa been depressed. Thia is 

neoes■ al'J' to distinguish the oontraot1on bb, oo, dd, U., and 

II from the respective letters b,o,d,t, and 8• The third 1a 

aaaooiated with the shirt key and 1a required to distinguish 

between characters in the upper and lower shirt poaitiona. 

Appendix B contains the 13•d1g1t input code numbers for 

the 163 Braille characters based on Table S.2. Notice that 

both ot the conrplementary tracks tor the 13th digit ot the 

code numbers on the photographic disc a:re transparent tor the 

letters ot the alphabet, the period, and the oonnna. Thia ia 

done since it is not necessary to distinguish between the 

upper and lower shitt positions for these obaracteraJ the 

code numbers are identical whether or not the shirt key 11 

uaed. Notice also that three or the punctuation marka, the 

dash, the lett and the right bracket, require the use of the 

oontraotion key. The dash ia toi-med by typing two byphena, 

- and the lett and right brackets by typing two left and right 
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parentheaia respectively in the same manner as a contraction 

would be formed. 

$.IJ. The 1neut matrix 

The ohoioe or code numbers containing only one or two 

"l •s"/ 'Bulta in a Yerry simple input matrix. Ir double•pole 
I awi)ahea are used in conj\Dlotion with the typewriter keys 

, 
tbe' mstrix oen be constructed as shown in Fig. ,.2 without the 

use ot diodea. 
, 

In. ,thia circuit the more positive voltage is considered 

to b/~"• When a key 1o clepNsaed, the one or two cbennala 

007.srnding to the "l's" ot the code number~ are grounded, 

ana , , mult1vibratora in the deaired address register are 

•~11 flao1'41ngly, It several kaya oo1'1'eapond1ng 110 a oontrao• 

tiqli •z depressed sequentially, then the oode numbers asaoo• 
f. 

/ -l(ted .I i th that contraction is atored in the register • 
.. 

Th' need tor the 11th digit in the code numbers can be 

seen frpm the t1gui-e. The 11th channel and the additional 

ehannel which bas no association with the desired address 

regiate~ r~oeive a connection trom eaob ot the double-pole 

awitalltiea which are associated with the non•lette11 .typewriter 

keya. Hence the output ot the fqR" gate which is oonmon to 

these ro channels can be used to discriminate between let

ters and non-letters. The "OR" gate which contains the first 

ten cb~ela as inputs 1nd1oatea merely that a key has bean 
.·• 

depressed. This arrangement is required for the logical sys• 

..._,aociated with the shift key aa d1aouased in Section 4.7. 



a 
b 
0 

4 
e 
t 
s 
h 
i 

• !,1 
",2 
",3 
',4 
',S 

(~)?6 
Cb), 7 

',e 
( ,9 
>,o ... , ... 

(2),(1) 
(4),(3) 

1,, 
?,/ 

• , . 

: . • ► 

•• ; ► 

•• •• 

.____,-,,. -~ 
--.r---~ ~-
~-"". 

~ 
~ -~ 
tsr -
I 
I 

~: L._r-1;, 

~ -. 
~ 

~. 

~ : 
l..J--'!, 

- ,I 

~ 
~~ 

~ 
Lrl 
~ -__. 
~ 
~ 

~: 

I 
~ 

f -v 

if : ~ .. ; . ~; ; s :~ 
: ~ :• : ~ ·-·-

OR Gate 

"l" Indicates a Key 
laa been depressed 

j ! 
• 

I 

: . 
: t 

• 
.. t ., 
~ 

.. 

.. 

Input Code 
to 

"De■ired 
Addreaa 
Register 

V • 

OR I 
t 

"l" Indioatea a 
Non-letter Key-

•Rete~ to Xel in Pig\U"e Sel 

Pig. S.2 Input Matrix Design 



VI. SUGGESTED AREAS FOR BUTURE INVESTIGATION 

The proposed encoder system is intended to reduce the 

amount or training required tor transcribing inkprint text 

into Grade II Braille. Specifically, the encoder eliminates 

the need tor knowing the Braille symbols by substituting a 

standard tn>ewriter keyboard for the present six key brailler 

or stereotyper. By tn>ing the letters of a contraction, for 

example, the operator is in effect selecting the correspond• 

ing Braille symbol trom the memory. The usefulness of the 

encoder clearly depends on the reduction or skill resulting 

ti-om this modification. 

An evaluation of the system from the operator's point 

or view should be made to ascertain ·its usefulness. It 

should be pointed out that a working tmowledge of the rules 

of Rraille is still necessaryJ the operator must know which 

groups or letters are properly oontraoted. Since the Stan

dard English Braille rules were developed specifically for the 

Rraille roader, considerable eftort was made to produce a com• 

mun1cat1on system for the blind which is free from ambiguities. 

Consequently the rules are complicated and conttin many ex• 

ceptions. The present difticulties in training transcribers , 

is due portly to these involved rules and partly to the actual 

Hra111e code. 1tn evaluation of the usetulness of the proposed 

encoder should be based one study or the relative intluenoe 

or these on the operator's performance. 



The simplicity of the encoder design suggests that it 

may be useful for purposes other than the production or Grade 

II Braille. For example, the design may be adapted to the 

translation of teletn>esetter tape to Grade I Braille, Pre

sent efforts in this area have been based on switching cir

cuits. The difficulties which arise are a consequence of the 

complexity of the required system, ~artioularly in resard to 

the problem or the capital sign. The flexibility or the pro

posed encoder indicates 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 sys

tems tor accomplishing this, which have been discussed in 

Chapter II, employ general purpose digital computers. It is 

interesting to note that it is slightly more expensive to 

produce a Braille copy of a novel from a suitable program 

using the IBM 704 than by employing a human transcriber.* 

Again the possibility exists tor using the proposed encoder 

design as the basis for a system considerably less complex 

than a general purpose computer. 

From a discussion with Mr. Waterhouse. 



APPEtrnIX A. 

THE S?MBOLS USED IN GRADE II BRAILLE (1) 

1. 'l'he al;ehabet and numel'al11 
. .... oe 

j,O o• oo a,1 •• ■o 8 
0 0 00 • o 

:g b,2 • o k 
o, 

t 0 0 •• 0 0 • o • o 

•• o,3 • o 1 • 0 00 • o 00 U 
0 0 eo •• 
•• d,4 •• • o oe oo m • o V 
00 • o •• 
eo e,5 •• o• 
o■ oe n •• W' 
0 0 eo t .... . 

•• 6 • o •• eo f, o• o ii X 00 • o 

•• •• • • •• g,7 ■op o• "1 0 0 eo •• 
=~ h 1 8 •• • o •• q oe B 
00 • o •• 
oe • o eo 1,9 •• l' 
00 • o 

2. The contractions 

0 (1 •• • o oe 
00 oe ally o• aa o• ble oe •• •• •• 
0■ • o ("' i} •• ea 
0 0 ue anoe Ch, oe ation eo but 
o• 00 r• e • o 0 0 

•• i8 bb 00 e .:, and oe by •• eo •• 
o• Al' 0 0 •• oe e o be oo can 
• o • o (,,"10 
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r.- • •• cannot 00 eo •• it o• 00 o• o• ever 0 0 
o• Od 00 '10 •• 

00 • o 0 0 •• ity •• ~c oe every oe oe 
00 0 0 oe •• 
• o ab 10 •• father oe just 00 ~- •o •• o• 00 0 0 0 0 

• 
00 • o cbaracteP 00 rt 00 • o know oe 0 0 •• 8~ 00 
00 ..... • o eo 

• o child •• tor eo knowledge 00 •• 00 
o• •• • o 

00 •• fl'om o• o• less 00 com • o 0 0 • o •• 00 oe eo 

o•:i Q •o tul ea like •• con •• • o • o 
00 ( i e eo • o 

0 0 •• day 
00 uo eo 

lord o• o• •• gg ("\ . • o 
0 0 00 •• co • o 

00 dd • o gb ( . •• •• eo _, . ·o many 
o• oe o• • o 

00 dis •• 00 oe ment •• •• go 0 8 •• oe 0 0 oe • o 

•• do 
• • • o had •• o• c • •• 0 ~1 more 

00 :,e 0 0 • o 

00 ea • o have 00 •• mothep eo •• oe O') 
00 00 0 0 • o 

•• ed i) • o here 
• , .J •• name • o .,. •• o• o• 

o• . ·' '"'0 0 0 eo 

00 0 0 hia 
0..) ) e ness • o en • o o• eo 

o• •• o• eo 

-- .J e1 00 in •• not o• oe ence o• o• 
o• 00 eo • O 

v enough o• 1ng • o ot • o 0 0 •• oe •• •• 
••• i..' ... ~o into 0 ; eo one •• er : . •• (\ . o• 
o• • o eo 00 • o 

- · 
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• 

co •• • o• spirit 
en 

o• •• ong 'J • • o 0 0 UII 
oe co oe • o •• 

• 0 o• st eo 
•• OU 00 • o very 
o• eo •• 

00 • o ought oe still 0 0 
o• •• 00 (' . waa 
00 oe • o •• 

{ ' 
0 0 o• •• ound •• th 00 o• o• •• were 

o• 00 o• •• 
r,e o• ount oe that • o wh 00 •• •• ,.... . 
c• eo • o o• 

I 
• o .,. ' 00 • a •• out • o the • o• where 
oe •• ~o o e 

oe ~- oe theil' eo 
whioh • o ow • eo oe 

o• ·• •• o • 

00 •• part 00 oe the:re 
... . e o 

o• • o ne e c o• o• .whose 
00 • o u ·:- •• {).., 0 • 

•• people o• oe these c • will e .:, l) e • o •• • o 0 0 •• oe 

•• quite •• this 
oe 

with •• o• •• eo oe •• 
e o rather -;;e •• those ·=- • o• word •• • o• o• •• • o .-.o o• o n o • 

0 0 • o right o,) •• through 
('J I o• work o• •• o e oe 1:ie •• 0 0 ■ (1 no o• 0 0 o• 

•• ah .)0 o• time 0 • ...... 
world 00 ,. •• oe •• o• 00 • o o• o• 

•• aball (1 ( ) •• tion •• 0(' -,. o• o• you 
o• o• eo •• 

oe •• aion 0 0 to 
"'10 •• no oe •• ;:ie • • young 

oe e o eo 00 •• 
oe ~J • o under • o 80 -=- • 00 
• o (.,, "' , . •• 

00 oe some oe eo 
oe . , ) o a 0 0 upon 
~.; • o ,_,o •• 
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.3. Punctuation marks and signs 

O.J (period) 
OC1 0 0 

* (asteriok) •• • o• •J • 
oe • o • o 

C Ct (oonma) 0 0 ( (left parenthesis) • o , •• 00 •• 
00 

' (queation mark) 
00 ) (right parenthesis) • o •• •• •• 

• 
00 I (exclamation point) 

00 00 (lett bracket) •• no •• • o oe •• 
00 

(ee~i•colon) 
0 0 ~o 

(right bracket) eo J •• co 
• o •• • o 

0 0 (colon) •• • 
O::> • 

,.. ____ 

oc 
"(left quote) 

00 capital sign eo 00 

•• o• 

o c. 
" ( right quote) 

o• / (traction-line sign) o• o,:, 

•• • o 

0 0 0 0 

' (single left quote) 
c • number sign 0 0 • o c e 

oe •• •• 
00 00 I (single right quote) 

00 letter sign o• 00 c., e 

•• eo oe 

00 I (apostrophe) 
oe (deo1mal•point sign) 00 00 • • o oe 

00 o• italic sign oo • (hTPhen) ., 0 

•• o• 

0 0 0 0 ( ) o• sign 00 o :'..' - dash oo accent 
•• •• :--o 

,.., . 
oe poetry-line sign e o 

00 1,."10 0 0 
C•O 0 0 oo ellipsis 
• o • o • o 
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The abbreviated words 

ab 

abv 

about 

above 

aooording 

aoi-osa 

attar 

obn children -
oonov oonoeive -

ao 

aor 

at 

~cvg conceiving 

od could 

dov deceive 

arw afterward 

ag again 

agat* against 

alm 

alr 

al 

almost 

already 

al■o 

alth although -

dcvg 

dol 

dolg 

el 

gd 

grt 

hart -
alt altogether bm 

alw always hmt 

bee because 1nm -
bet before xa -
bah behind zt -
bel below lr -
ban beneath 11 -
bes beside mob - -
bet between mat - -
bey beyond myt 

bl blind nee 

brl Braille ne1 

deceiving 

deolare 

declaring 

either 

good 

great 

herself 

him 

h1mselt 

immediate 

it■ 

itselt 

letter 

little 

muob 

must 

myself 

necessary 

neither 

onef -
ourvs -
pd 

perov -

o•olook 

oneself 

ourselves 

paid 

perceive 

percvg perceiving 

perh -
qk 

rev 

rovg 

rjo 

rjcg 

perhaps 

quick 

receive 

receiving 

rejoice 

rejoicing 

ad said 

shd should -
sch such -
themsv themselves -
thyf' thyself 

to-d to•day 

tgr together 

to-m to-morrow 

to-n to-night 

wd would 

yr your 

yrf youraelt 

yrvs yourselves 

Groups ot letters which are underlined ere oontraoted 1n 

tol'Dl1ng the abbreviation. 
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APPEHDIX B. 

A LIST OF POSSIBLE INPUT CODE NUMB~-:RS 

1. The aluhabet and numerals 

000001001000~1- a,A 10000000100~* u,u 
101000000000➔~ b,B 000000001100* v,V 

001010000000~ c,C 000100100000 .. ~ w,W 

000000000100* d,D 000001100000* x,X 

000000010100il- e,E 000110000000{• y,Y 

001100000000·:!· f,F 000001010000* z,Z 

100001000000~1- g,G 

1')01000000100-:1- b,H -----
000010000100* i,I 

000100000100n j, J 

no100010000011- k,K 0010000000000 l 

010001000000{1- l,L 0001000000000 2 

010010000000* m,M 0'100100000000 3 

000001000100-:t n,N ' 000:)010000000 4 
l 00000000000-lr o,o 0000001000000 5 
000100001000* o,P 0000000100000 6 
010100000000-tt q,'J, 0~00000010000 7 

000000100100·~ r,R 1000000000100 8 
~ 

:>00100010000* s,S 01ooooooop100 9 
010000000000;• t,T 0010000000100 0 

.j Indicates that both or the oomplementory traaks ot thtt 

13th di~it on the ?hoto,r.raph1c disc are tra~sparent. 



- 2. T,he O051t~~otions 

010111001001* ally 000000111101* ever 

0010110111011- anee 000ll0llll0lir every 

000001001101• and 011101111101* father 

000001101101* ar 101100100101* tor 

000101011001* as 111110100101-r.- rrom 

110011001101* ation 111101001001-.i- rul 

101000010101* be 101001000101* gh 

1]1001010101* ble 100001000001* go 

ll.1000001001* but 001001001101-ll- had 

101110000001* by 001001011101-u- have 

001011001101-tt can 001000110101* here 

111011001101* o,annot 001110010101·:} his 

001010000101* oh 000011000101* in 

011011111101* character 100011000101* ing 

011011000101-it child 010010000101* it 

111010000001-n com 010110000101* 1ty 

101011000101-!:- con 110100011101* just 

000111001101* day 101101100101* know 

000110010101* dis 111101110101* knowledge 

100000000101* do 010101010101* less 

000001011101* ea 0ll0llll0l0Hi- like 

000000010101 ·:J- ed 110001100101* lo~d 

000001010101* en 010111001101* many 

001011010101* ence 010011010101·* ment 

- 101001011101* enough 110010110101* more 

000000110101* er 1)1010110101-Ct mothe~ 
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- 010011011101-!~ 011001001101* that name 

000101010101-1~ nese 011000010101* the 

l l 0001000101-., not 011010110101* their 

l0ll0000000Hi- or 011000110101* tbsre 

100001010101* one Ol 110001010lif' these 

l00001000101i:• ong 011110010101~; this 

100000001001 ·:Z. OU 11110001010H, those 

111001001101·:!- ought 111001101101* through 

1~0001001101~} ound 010010010101-!!· time 

110001001101* ount 110011000101.;:- tton 

11000(')001001* out 110000000001-:~ to 

100100100001-i:- ow 100001111101~:- under 

fll 0101101 lOl~} -oort 100101001101'.~ upon 

110101011101•:1- ,:,eople 1001,:)'"'011001* us 

110110011101•:r qutte 00b10111100li, was 

')11001111101-lf- rather IJ00100110101* vtere 

l 11011100101•:~ rirr,ht 001100100101-r.• wh 

001100010101.r.- sh 0011 ~0110101 •:} where 

011101011101·~- shall 001110100101·~ which • 

100111010lOH:, sion 101100110101•!} lwhose 

100100010001* so 010111100101-r.- will 

1.101 l 0010101>.~ some 011110100101* with 

010110111101{} spirit 100100100101-!} word 

')10100010001* :) t 10)1')(1110101* work 

Ol::>111010101* still 110101100101* world 

- 011000000101~:- th 100110001001-J~ you 

100111001101* young 
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- 3 • .. ~ct~ation marks Wl~-~1E~ 

000000001010* • (ps?'1od) 

OOOOQ,jQO'lllO-l~ , ( ~o!ff!na) 

0000000100101 ? (question mark) 

0010000000001 J (oxcJ.amation !)Oint) 

. 0~00001000100 . (semi-colon) t 

0000001000101 • (colon) . 
0001000000001 " ( loft quote) 

0000100000001 11 
( rt ght quote) 

0000010000001 ' (singlo left quota) 

0000001000001 ' ( single l'ight quote) 

1000000000101 ' ( npost11opho) 

00010000001:>0 - (hyphen) 

0001000000110 - (dash) ff 

0001000000101 {~ (asterick) 

0100000000101 ( (left 9arenthes1s) 

0010000000101 ) (right ~arenthesis} 

0100000000111 [ ( left bl'ecket,) -:i-:.-

0010000000111 J ( right bracket) •:H:• 

•:Ht Indicates punctuation marks which require the use of 

the oontraotion 1tey aa explained in Chapter V. 



0000000100100 / (fraction-line sign ) 

0000100000100 number sign 

onoo100000101 letter sign 

0000010000100 • (decimal-noint sign) 

000001~000101 italic sign 

0000000100001 accent sign 

0000000010001 poetry-line sign 

' 

, 
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APPENDIX c. 
LIGH'l'•PIPE DESIGN 

c.1 Basis or the design 

The light•pipe is designed so that light rays entering 

the tube always strike the polished surface at an angle leae 

than the critical angle and are completely reflected back 

into the pipe. The end or the pipe at which the light enters 

is rounded to serve as a lens ao 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 

aonioal section as shown in Fig. a.1. A paraboloid 1a used 

since it has the property that all incident rays parallel to 

its axis are Nfleoted through the foous. Consider ray (1) 

which strikes the intersection of the two segments. The re• 

tlected ray passes through the focus, F, and just enters the · 

exit tube at angle t 0 whioh is the maximum angle or incidence, 

It oan be seen that any other ray such as ( 2) or ( 3) will-~'9D• 

ter the exit tube at an angle not ~eater than 80 atter hav• 

lng made only one retlectlon trom the surface of the pipe. 

C.2 De~ivat1on ot eguat1ona 

Con-aider a ~arabola whose focus 1a at the origin of a 

coordinate system as shown in ~the figure. 'l'bia curve bas the 

equations 

(C.l) 



y 

Parabolic, 
Section 

~..-:=:;;.- --- r 2 > __,,~ 
-- f(l) -----\.-. 

(3)J 

X 

j 

Pig. c.1 Light-Pipe Design 
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where a la the distance from the vertea to the tooua as 

shown. The slope of this curve is: 

(0.2) 

It an incident ray, parallel to the axis, is reflected 

from a surfaoe of the pipe whioh has a elope m
0 

• tan / 0 , 

the angle that tbe Hfleoted ray makes with the axis is 2/0 • 

Then using the expression tor the tangent of a double angle: 

where m0 ts the slope ot the reflected ray. Solving Eq. (C.J} 

for m0 in tel'Dla or m0 , there results: 

-I + -V ) + .,-..\c.?. 
Mo= 

YY'lc 

Assi.mdng that y2, the radius ot the exit tube, has been 

selected, the equation of the linear segment of the light 

pipe is: 

where x2 is defined in the figure. The equation of the ray 

reflected from the intersection of the parabolic and linear 

segments through the focus 1st 

cc.6) 

By manipulating Equations (0.2), (C.J), (O.$), and (c.6), it 

is possible to obtain tbe following expression for a, which 



completely dete?'mines the equation or the parabola: 

l'Ylo ( ~o X.z + \+1.) 
a.= 

The oritioel angle ror any material can he obtained from 

the familiar equation for refraction: 

By setting r ■ 90°, the or1t1oal angle, 10 , results: 

The critical angle for plexiglas is 47.8°. 

c.3 Design prooedure and sample calculation 

By using the equations derived above, the design of the 

light-pipe is quite simple. The following procedure is use• 

tul: 

Procedure Sample Calculation 

(1) Select y1 , y
2

, e . Se~ 4'l-~0 Let ~' = o:z.so'', a• 
~z. = O .ot.S •; 

'l=- 3o0 

( 2) Calculate m: W\ c. = +°"" e" '1\:. = o.s,, 
0 

()) Calculate~: ~,:. 

X.-i, = ~c. 'I. II 
z= 0.043 

(4) Calculate m
0
1 'mo• 

-1 +-J l-t-fflc.,..., 
t')\0 = 0-2"8 

Mc:. 
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(5) Calculate at 

(6) Calculate y t ao= 
to.. Ob8 

,. - ~o = O, I 
0 ~o 

( 7) Calculate x: 
~: ,.,. =- o., ,a·· )(.0: - -0. 

0 4o-. 

't. 

( 8) Calculate Xi: 1-= ~-a. II 

X,=- \ .'10 
' 4(). 

(9) The total length (excluding the 

lens and exit tube) is L c Xi + x2t L = l!l4
1

' 
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