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The use of symbols, in particular Bliss Symbols,

7ith non-vocal handicapped

—

rhave been used for communication
people. Due to the high resolution reguired, it is
difficult to present them on a graphic display. This
‘thesis investigates methods for displaying Bliss Symbdls on
a television, |

An equeation scheme was developed to describe the
symobols which allowed a set of raster points to be cemputed
for each symbol. Several methods of displaying the raster
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voints were investizated; the runlength method, th

]
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rtizl symbol method and a new encoding technigque called
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path direction' metkzod., This technigue exhibited the
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most merit in coding tliss Symbols,
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CHAPTER I
INTRODUCTIORN

1.1 BRliss Symbols

Gfaphics have been used for communication through-
out the ages and even now the Japanese and Chinese use a
highly stylized picture writing. Charles K. Bliss (1)
analyzed these languages and many others to develop a
logic symbolic language known as Bliss Symbols (Appendix A).
The symbols remained unused for many years despite the
attempts of Bliss to introduce them to the world.

in 1974, the symbols were eXperiméntally used (2)
with handicapped children at the'Ontario Crippled Children'ts
Hospital in Toronto. These handicapped people were non-
verbal and had only limited physical control of their limbs.
The results of these experiments were very encouraging and
the use of the symbols spread throughout North America.

The handicapped people learned the new symbols
guickly and could communicate more efficiently. Large
béards with a matrix of Bliss Symbols were placed in front
of the child who would then select the proper symbol.

Refer to Fig. A.l. (Appendix A) (5-7)



Various techniques for this selection are used. The

)

physically able child can point to the symbols directly with
a finger or a pointer. The more handicapped child requires

trhe teacher to point, with the facial expression or eye move-
ment of the child indicating the proper selection. The scanning,
verification, recording and interpretation of the symbols re-
guire the full attention of the teacher.

To alleviate the teacher's function, electronic scanning
boards were designed to sequentially scan the symbols. With
these boards and a suitable interface, the handicapped child
can independently select symbols; however, only one symbol can
be viewed at any time,

4 graphical display would permit a sentence of Eliss
Symbols to bte presented and would provide the handicapped child

with the ability to verify and edit his entries and also allow

him to communicate directly with others. (9-17)

1.2 Previous VWork

As compared to alphanumerics, the graphical display of

Fliss Symbols sents some unigue challenges. Some of the

s’

re

7

difficulties of presenting the symbols are cutlined by Sawchuk
{11). The symbols are not consistent in width, relative size,
ratio or spacing., Cther variables in implementing

2lies Symbols are the size and number of & set., When a handi-

d child begins to learn Bliss Symbols, a set large in

¢}
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3
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size and few in number is chosen; but, as the child progresses,
more symbols are added to the set with a corresponding decreasé
in symbol size. For this rezson, the feature of variable size
would be advantageous.

Recognizing the graphical diversity inherent in Bliss
Symbols, J.R. Storey~(3) described the symbols using sixty-
four component parts. This preliminary work was concerned with
estimating the cost and ultimately establishing the feasibility .-
of using a televigion as a Bliss Symbol display terminal.
Vanderheiden (4) also broke the symbols into components to

fabricate symbols on a portable dot matrix printer.

-

1.3 Present Work

This thesis investigates techniques in presenting Bliss
Symbols on a television using a commercially available micro-
processor system end display unit.

The symbols were first described using equation descrip--
tors which provided a standard to scale symbols to a variety of
sizes. This feature was useful in the initial stages to deter-
mine sﬁch things as minimum resolution and later it was useful

in compiling symbol sets of any size.



Several techniques were investigated to determine
t2e most efficient means of displaying the symbols; the
known run length method, the partial symbol method as
proposed by Storey and a new technique called the 'path
direction' method., The path direction method exploited
the contiguous dot patterﬁs of the symbols and was found

to be the most favourable method.
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CHAPTER TIT
BACKGROUND

2,1 A Typical System

A typical system is shown in Fig. 2.1. The
scanning board contains the matrix of Bliss Symbols and
the handicapped person selects the proper symbol via the
computer, The selected symbol is saved in the computer's
memory and also displayed on television.,

Although the scanner is usually a board a portion
of the television screen could be used as the scanner.
However, there are disadvantages with such a system:

1. Lost screen area for sentences and stories;

2. Less anticipation of when the symbol will be displayed
for scanning purposes at any one time;

3. A more sophisticated program with two cursors, split
screen, etc, . |
| A scanning board system along with a commercially
. available unit to interface to the television was employed

by the author.
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2.2 Television Zesolution and Timing

A Northn American television has & resolution of
100 dots or pixels across with 525 interlaced rows. How-
ever, due to overscan 2 reduction of at least ten percent
can be realized or 630 x 461 -~ 290,4%0 bits of on-screen
information. The memory requirements using bit-mapping
would be 36X bytes (8 bits/byte). However, this is for
maximum resolution and it has been shown by the author's
experiments, as will be seen in later chapters, that eight
K bytes is adeguate.

A television uses a high speed raster scan.
Alphanumerics use code generators to create the character
as the raster scans that particular pixel. To do this, the.
code generator would have to operate in the order of 5
MiHz; much too fast for a contemporary microprocessor with
& clock freguency of 1 MHz., Buffer hardware is, therefore,

necessary to interface the high speed television to the

o)

slower microprocessor.

2.3 Display Unit

The computer was interfaced to the television
by means of & commercisl unit called "iferlin," This

device bit maps eight X bytes (64 X bits) of memory



onto the T.V. screen with a resolution of 320 lateral
dots by 200 wvertical dots. This eight K of memory is
shared with the computer by DvA (Direct iemory Addressing
and the bits written into these memory locations are the
bits displayed. [erlin has control of the bus 42 per-
cent of the time leaving only 58 percent bf the real time
for computer execution time.

Ahy theoretical technique considered in dis-
playing the symbols must take these restrictions of timing

and resolution into account.

2.4 Problems in Displaying Bliss Symbols

Consider first what Bliss Symbols are com-
prised of and how they were designed. Bliss (1) contends
that practically all definite and indefinite objects can
be depicted by using one hundred strokes or basic shapes.
This does not seem excessive 1f compared to the one
hundred plus (26 lower case, 26 upper case, plus punc-
tuation and symbols) characters used on the conventional
xeytoard., However, to compact so much information into
each symbol, other problems arise in presenting them

N

graphically. These are:
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1. The detail or resolution reguired for pre-
sentation of the symbols far exceeds that of normal
alphabetical characters. Vanderheiden contends that as
many as eighty dots vertical by an indefinite horizontal
count must te used. (4)

2. The width of the symbols or the aspect ratio
is undefined. Simple symbols can be arranged side by side
to create more complex ones. In addition, action indicators
placed above some symbols add to their overall height.

3. Unlike alphanumerics, symbols can be laid on
top of each other (superimposed) to form new symbols,
Therefore, there is no definite set of symbols.. Simvle
symbols can be arranged into a new 1érger symbol, much like
letters make a word.

4, <Characters are written between imaginary upper
and lower lines; the placement of a symbol relative to
these may indicate a different meaning.

5. The relative size of the symboi may emphasize
the degrée or extent of a meaning or it could have an
entirely different meaning,

6. The size and/or number of symbols to be dis-
played on a television may be different depending on the

visual acuity of the user,
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lMany of the above problems in displaying Bliss
Symbols have no conterpart with alphanumerics., These
problems combined with the restrictions imposed by the
display unit, television and microprocessor make the task
of displaying Bliss Symbols non-trival. Chapter III

outlines the theoretical aspects of the symbol display

process.
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CHAPTER IIT

DISPLAYING BLISS SYMBOLS
This chapter discusses theoretical means of displaying
Bliss Symbols efficiently on television with the actual

experiments being discussed in Chapter IV.

3.1 Eguation Format

As was discussed, Bliss Symbols are not as easy to
display as alphanumerics, but they do have some common features
that Bliss has incorporated. The symbols are all composed
of relatively simple shapes; straight lines and circle segments.
Since the microprocessor is the core of the system, a scheme
using equations to describe symbols would be feasible. Of
course, one equation would not describe the entire symbol but
‘rather only a portion of the symbol and then these porfions
‘would be superimposed to'make a whole symbol.,

Only two equation types were chosen, a line and a
circle working on a cartesian coordinate system with the origin
peing the lower left corner of each symbol. Two starting
codes were chosen, Q for a circle, / for a line. The

parameters given to describe the circle were as follows:
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X, Y,R,A,B
where -X,Y are thé coordinates for the centre of the circle

~R is the radius of the circle

-A is the start of the arc (in degrees) going
counterclockwise with zero degrees being horizontally right'
from the centre.

-B is the'termination of the arc in degrees.

The symbols are normalized to a ten unit high structure,
therefore, if a semicircle was to be described in the upper
~half of the symbol structure, the following parameters would

be given: @ 5,5,5,0,180 (See Fig. 3.1).

| //////,#_ . .
1 | |

*
B=180" X=5 A=0°
Y=5

\;\\ B

Fig. 3.1 An Example of an Arc

Similarly a line is given a start and a stop position.
The parameters are as follows:

/ Xo,Y0,X1,Y1
where Xo,Yo are the start coordinates

X1,Y1 are the terminal position coordinates
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A diagornal drawn across the entire height of the
symbol may appear as in Fig, 3.2.

X1=10
Y1=10

Fig. 3.2 An Example of a Line

A number of these circle and line ségments super-
imposed would be sufficient to describe any symbol. One
additional code E would act as an "end of symbol"_delimiter
and would be useful in cbmpiling and decompiling sequential

computer data files. Fig. 3.3 gives an example of an entire

symbol,

FOOD
Q252030 /0141E

Fig. 3.3 The symbol "FOOD", Described by Equations
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The advantages of using eguations are as follows:

1. The symbols could be standardized independent
of their sige,

2. Smooth, regular shapes result with no special
artistic talent or subjective criticism necessary.

%3, lMemory is conserved since only a few parameters
are necessary for each symbol regardless of symbol size or
resolution,

The disadvantages will become apparent in Chapter
IV where it is discovered that to convert the equation into
a symbol takes an unreasonable amount of time, if the para-

meters are to be used directly in displaying the symbols.

3.2 Digitizing the Equations

Equations can be used to describe the symbol but
cannot be used to display the symbol directly. In a digitized
system, only the presence or absence of a white dot on the
screen is displayed._ To convert the equation into a pattern
of dots that resembles the equation is the next topic of
discussion,

When using digital technigues, as is the case here,
it is not possible to display the symbols as straight and

curved lines 'directly', but only as the presence or absence
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of illuminated dots in discrete positions. 4t a distance
the eye and/or brain join the dots to resemble a line.
Stating this in another way, the svecific resolution is one
which involves visual pexrception on a television screen,
The given equation must be presented in such a fashion that
the dots representing it may be perceived as a symbol com-
ponent.

With the symbols being represented as equations
or an infinite number of dots, a scheme must be devised to
match these equations with a finite number of dots placed
in & definite position. Criteria must be formulated fdr
asgigning samples from the equation to the dots of the ar-
ray. Two problems arise which the criteria must reflect:

1. A decision must be reached on the number of
samples teken along the graph of the equation(s) representing
the symbol. To conserve computer time only as many_sémples
as necessary should be computed., <Yhe number of samples
required depends on the resolution.

2. A resolution must be selected to represent
the symbolé. With the television having a fixed resolution,
the only method to increase the apvarent resolution of the
symbol would be to increase the size, Therefore, the size

and resolution of the symbol become inter-related.



%.2.1 Sample Rate For a Straight Line

As discussed it is not possible to draw a con-
tinuous line with a point-plotting display; the discrete
grid permits intensification only of points lying on inter-
sections of the coordinate grid (dots). To approximate the
desired line a seguence of dots can be displayed as shown
in Figure 3.4. To utilize all the dots close to the line,
the sample spvace (distance between samples) must not exceed
the distance between grid dots. This constitutes the mini-

mum sampling rate; however, to assign dots to samples a

Ry

f

technigque called 'smoothing' (discussed later) is employed
requiring a somewhat higher sampling rate. HNewman and
Svroull (15) describe similiar technigues to convert equa-

tions to discrete grids,
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O 0 0 ¢ ¢ 0 6 6 0
O 06 0 0 06 606 060 0
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?@ @ G 9 O @& © @ § <—DOTS SET TO REPRESENT

THE EQUATION (Line)

Fig, 3.4 Minimum Sample Kate for a Line



- 18 «

2.2.2 Sample Rate for a Curve

Wifh reference to Fig. 3.5, it can be seen that curved
portions of the symbol require more samples than a horizontal
lire; otherwise portions of the symbol could be missed entirely.
In Fig. 3.5a, the samples are taken at a rate with respect to.

the horizontal direction. Taking ten samples of the graph

2

¥

1d designating a dot to each is not adequate. One could
gsample the graph at a rate proportional to the arc length
(distance along the graph) and not the horizontal distance.
This would provide more samples as is shown in Fig. 3.5,

This would at first'appear to be sufficient, however, there

are cases in which it is not, Take for example‘(Fig. S.Sa)

& very small circle with a circumference less than the required
arc length for the sample, or a very sharp discontinuity

(7ig. 3.6b). Both of these reguire dots and, therefore, should
te given sample points. The following criterion is suggested:

The number of samples taken on a graph to represent
an eguation shall be proportional to the curvature with the
following exceptions:

1. A line has no curvature, and as discussed earlier
should have a sample rate exceeding the resolution in one
direction (x or y).

2. 4 discontinuity has infinite curvature but only
one sample point will be taken., With the line and'circle segments

used, discontinuities occur only at the start or end of a segment.

LD s
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Fig. 3.6b Discontinuity
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Superposition usually overlaps endpoints and the probability
of getting at least one sample near the discontinuity is very
- high. (Refer to Fig. 3.6Db).

The above states the criteria for selecting a minimum
sample rate in order to minimize computation time in designating
the dots. As will be seen in Chapter IV a somewhat higher

sample rate will be used to overcome other problems.,

3.2.3 Symbol Resolution

The resolution or the dot matrix size reguired to
define a symbol is difficult to choose because of the diversity
in the Bliss Symbols. Various manners of choosing this were
considered.

Refer to Fig. 3.7 where a circle is to be represented
by a dot matrix. What dot matrix size is requiréd to represént
the circle? Four dots could be interpreted as a cross or
square., Six, eight or ten dots would probably be adequate
depending on the imagination of the viewer. Arbitrarily picking
eight dot rows and knowing that some Bliss Symbols have fhe
équivalént of three circles stacked vertically, one could
estimate a minimum vertical resolution of twenty~-four rows of
dots. The horizontal resolution is dependent upon the symbol

being presented and, therefore, remains variable.
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Another way to estimate the resolution required

would ©te to conside

s

the 'error', defined as the average
distance between the sample of the graph and the dot desig-
nated. This is done with respect to both the X and Y direc-
tions and could give some indication as to the accuracy of
presenting the symbol if compared to the error of some arbi-
trary shape such as a circle. However, error can vary
greatly depending on how the graph is positioned in the dot
array. Therefore, the error can only be used as an indica-
tor for resolution if it is minimized by optimum placement
0of the symtol. This will be discussed in more detail later.

In deciding to use a television as a display
another resolution factor is limiting. The grid point spac-~
ing is counstant; typically for a 12 inch screen the spacing
is .014 inch. Therefore, if the symbols are to have apparent
‘increased resolution they will have to be increased physically
in size on the television screen. However, this reaches a
limit fof two reasons:

1. It restricts the number of symbols that can be
placed on the screen at one time.

2. It greatly increases the memory used for sym-
bbl generation.,

Although the above points are important consider-

e
¥
o

ations im choosing the wesolution, the deciding factor

ct
jny
o]

a minimum resolution will be the subjective opiniocn of
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Fig., 3.8 Comparison of Resolutions of 12, 16; 20, 24 Vertical

Grid Lines "PHANKS TFOR THE WHEELCHAIR"
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viewer, It is for this reason that lengthy debates on the

oD

resolution are omitted., TFigure 3,8 displays a Bliss Symbol
sentence with vertical resolutions of 12, 1€, 20, and 24
grid lines. From this the author concluded that a resolu-
tion of 20 vertical grid lines reasonably represented the

symbols and accordingly this resolution was used in the

experiments of Chapter IV,

3.3 Error in Designating Dots for Sample Points

The symbols were represented by a set of equations
each with its own limits. The equations were then sampled at
a rate according to the criteria stated previously and & set
of sample points, each with its x, y coordinate were compiled.,
From this 1list of points a set of dots were designated to

represent the symbol. Since dots and the sample points were

not in the same place; there was error which was defined as:
r .
? . N

-

i = S . - D .

X ;g xi Xi E = S . - D .
é=7 T Y ’ NS :Vl }
) l. =7 ‘N ( 3 ° 1 )

! : : . . : : ;
waere: E, - error in horizontal direction (units of dot spaces)

E, — error in vertical direction

Yas

N - number of sample points

S,; = x coordinate of sample point S - -

~

D —- X coordinate of dot designated by sample voint S

S,; — ¥ coordinate of sample point 3

D, - ¥ coordinate of dot designated by sample roint S
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Error could be used as an analytical tool in evaluating
how well a symbol could be presented if the error was minimized .
by repositioning the symbol. Consider the box symbol (Fig. 3.9)
as an example with samples taken every dot space. It is
possible to position the symbols exactly over the dot positions
- resulting in error of zero; or translating the same box up
and to the right one half dot space results in an error of:
Ex = .5 dot spaces and Ey = ,5 dot spaces.

Fositioning a symbol does not change its size or shape
--and since the greatest shift in repositioning is less than
one helf a dot space, it is insignificant in relative placement
to other symbols. In view of this,a symbol should be positioned

to give the least error which in turn means the 'best fit!

between sample points and designated dots representing the

symbol,

3.3.1 HMinimigzing Error

e

Considering only one orthogonal direction, suppose
.there were N sample points for a symbol and that on the
. average they were .1 grid or dot spaces to the right of any

grid line,

This .1 grid space average deviation known as the

rror will have the general definition of equation (3.1).
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If 211l the sample points were shifted E, or in this case .1
grid spaces to the left, the error would supposedly be reduced
to zero. However, there are some points that now will be
related to another grid line or the shifting will make their
nearest dot line different. In the exeample above, it would

be .1 x N, Therefore, the number of dots that do not have
new dot lines would be (1 -~ ,1) x N. If the average error

E is subtracted from each sample point, the resulting error

Er with the repositioned sample points will be:

E, = (# of dots that do not)(error)+(# of points )(average.error) o
(have new dot lines ) (with new dot)(of points of ).~
(designated ) (lines )(new dots Y

= (1 - 1)) (~-B+E) + .1 (N)(.5-E/2)
= (1 - ,1)(w)(0) + .1 (N)(.5-E/2)

Although the average error of points that crossed
the threshold could vary from O to Z, a value of E/2 was
chosen to represent a random distribution of dots.

Experiments in Chapter IV implemented equation
(3.1) in an iterative process, éhifting the samples the amount

of the error, until the error converged to a practical limit,

2ol Lssigning Dots. from Sample Points

The problem still remains as to how the sample points
will be used to designate grid dots. Referring to Fig, %.11

which is the graph of a symbol segment located in a matrix of
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grid points, a practical method of choosing the proper dots
to represent this graph must be devised., The criteria to
choose the sample points has already been discuésed, now it

remains to designate the proper dots from these sample points,

4
J
>
2
3
v

Fig. 3.1la Symbol Segment Located in a Matrix of Dots

A dot could be designated if any sample has it as
its closest neighbour. In this case, the segment or line would

be represented by Fig. %.11lb.

o o o o o o o o o o o o 0
o o o o o o ® 'y o ™ ® ® ®
® e ® ® o e e ) o o o o o
o o o o o o o) o 0 o o) o o

Fig. 3.11b ‘'Any Sample Point' Produces a Dot
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The eye and brain of the viewer would interpret. this as

Fig. 3.1llc.

Fig. 3.11c The Eye/Brain Interpretation

It would improve the representation of the segment

if one corner was omitted as in Fig. 3.11d.

Fig. 3.11d Smoothing

7

Fig. %.1l1le Interpretation of Smoothing

This smoothing technique can be implemented by having

a2 minimum number of 'closest samples' before a dot is designated.
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In the example above at least two neighbours would be adequate,
but then again this would depend on the sampling rate. Where
there is high curvature in the grabh nore samples would be
present and by following the above ériteria more dots would

be designated to represent the curve., A discontinuity would
have many sample points in its immediate vicinity and would
therefore be assured a designated dot. This feature should
improve symbol representation and experiments proved this to

be correct. This, of course, was the subjective opinion of
the author and was accomplished by simultaneous, side byiside
comparison of identical symbols with and without this smoothing

technique. (Fig. %.12).

3¢5 Using Equétions To Describe the Symbols

To represent a Bliss Bymbol employing equation
‘techniques requires a numher of steps. First the symbol is
separated into a number of equations, each describing a portion
of\the symbol. The equation parameters are then tabplated and
'entered into the computer by manual input or by means of a pre-
pared data file., The computer then computes the sample points,
minimizes the error and smooths the ultimate display by selecting
the proper dots and then displays all the dots that it

selected.
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3,

A1l variables such as height, resolution, aspect
ratio, etc., would be inherent in the program and could be
modified easily. When such a program is executed the apparent
disadvantage is the excessive amount of time reguired. There-

fore; a second approach to the problem was sought.



Fig.

3.12

Subjective Comparison of Smoothing

i~ ERROR

CORRECTED

SMOOTHED

w
i




The equations could be compiled for each symbol and
the coordingtes of each dot stored. This in fact is the second.
method and it is much faster, however, at the price paid of
less flexibility in changing the size of the symbol.

Also in comparison to the equation method; an
increase in memory requirements is required since the coordinates
occupy more memory than the equation parameters. This becomes
more significant as the symbol resolution increases.

If anything at all was achieved in using equations,
one feature was more outstanding than any other--the dots
represénting the symbols could Be generated in an analytical
manner; in this way standardization in representing the symbols
regardless of size was possible. With the dots established,

it would now be possible to seek other methods of representing

the symbols efficiently.

5.6 . Display Method Three~--Path Direction

A matrix 20 x 20, containing 400 bits of memory,
would be the requirement to represent a symbol of that resolution
(20 x 20). However, there are certain properties with Bliss

Symbols that could yield a reduction in memory.



rving the symbols, it is seen that the

'3

In ob:

n
)

same shapes or paths are repeated; sometimes translated
vertically or horizontally to another position with the

shape and size remaining the same., Therefore it would be

1vimizing memory reguirements to map out

O

advantegeous in min
these symbol shapes only once.

Another observation s that the number of dots

set in an array to display a symbol is always fewer than

those not set. This becomes more apparent as the resolution

or size increases.

Rliss Symbols or any calligraphy, especially

fwi

writing, is continuous, that is the dots that represent it
are not positioned randomly in the matrix, but are connected

in a contiguous manner, Also in drawing a symbol the prob-

avility of going straight is much greater than of turning

()

sharply

B left or counterclockwise

on ////

4 straight ahead

U)"d
4

ast
positi

e Ao >

present \\\& . .
DOSlflon B right or clockwise

Figure 3.13



- 34 -

As an example, consider Figure 3.13%. Imagine

ot

hat this is a portion of a symbol being drawn, dot by dot.
From observation it can be noted that the probability of the
next dot being A is much higher than that of E and as the
resolution of the symbol increases, this becomes more sig-
nificant.

Based on the above properties a code was devised
by the author with the objective of saving memory. The code
is arranged in two bit portions as shown in Figure %.14 with
the most probable occurrence being given the.smallest code as
suggested by Huffman (8).

The sample shown in Figure 3.14 initially has a
horizontal direction, after this the path could be any one of
eight directions, and the counterclockwise, clockwise and
gstraight ahead designations are relative to the direction.
The direction is designated with three bits in a direction -

register and are given designation as indicated in Figure

AN

o

N

[



(000010) (0010) (10) - left or counterclockwise

® @

Past

Position
@ Current

> O (11) - straight ahead

>~ (Present
Position)

Direction

&

(000001) (0001)

“Fig, 3.14 Code for Path Direction Method
010
011 8 . 001

100 == 5000

101

v 111

Fig. 3.15 Direction 110



The two bit code alters the direction register

11 - go straight anead one vosition

01 - {(clockwise) subtract one from direction
register

10 - (counterclockwise) add one to direction
register

00 - not enough information, get another two
bit set

00 01 - {(clockwise) subtract two from
direction register

:

00 10 - (counterclockwise) add two to
direction register

00 11 - pen down

00 00 - not enough information, get another
two bits

00 00 01 - (clockwise) subtract three from
direction register

00 00 10 - (counterclockwise) add three to
direction register

00 00 11 -~ pen up
00 00 00 -~ stop, end cf symbol
To clarify the above, consider the following

example with the starting point in the lower left corner

and the dirvection rvegister set to zero. Kefer to Fig., 3.16,

Y]

Code Direction
kegister

4 = go anead 11 000

B - pen down 0011 000

C —~ ahead 11,11,11,
11,11 000

D . left two 00,10 010
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E - ahead two 11,11 010

P - 1left one 10 011
G - left one 10 . : 100
H - ahead two 11,11 100
I - left two 00,10 110
J - ahead two 11,11 110
K - end of symbol  00,00,00 110
, H H e F
Z. = @ - @ -< e
I e f E
J e ¥ E
J e § D
> ’- > @ - @ > @ —> 0 _-—.g.o: e e e
Start A B c C C C

Fig. 3,16 Example of Path Direction Method

Combining the code of the previous example into 8

bit hex bytes results in:

11,00,11,11 = CF
11,11,11,11 = FF
00,10,11,11 = 2F
10,10,11,11 = AF
00,10,11,11 = 2F

00,00,00,00 00
01,01, {%,¥X = 5%

1
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The last six bits indicate the value of the
width,that,is the number of spaces that the symbol occupies
horizontelly. The width is used in positioning the symbols
on the screen, Here the width is put on the end of the
code as a convenience in decompiling the code; but the width
could also be computed from the pattern.

To represeht this 5 x 6 symbol, 48 bits are re-

quired with this new method. To represent all the dots would
regure only 5 x 6 = 30 bits directly and it can be concluded

that this method is not efficient with low resolution char-

.cters,
If the arbitrary assumption of 2.5 bits per dot is
suggested as the memory requirement for this new path direc-

tion method, less than 40% fill is required to Jjustify its
use. Fill is defined as:

Fill = number of dots displayed

number of total dots

In *typical calligraphy or in this case symbol presentation,
the fill decreases as the resolution increases.

An example is calculated below for a box shaped
symbol to illustrate the memory requirements of a 'convention-
al! versus 'path direction method' as the size (resolution)
increases, The number of dots for an n x n box would be
4(n=1) while the total number of dots would be n x n,
Therefore, the percent fill would be: (%) = 4(n-1) x 100

2
n




r

The graph of Figure 3,17 illustrates the point at
which the new path direction method becomes more efficient
for this box symbol at an estimated 2.5 bits/dof of memory
over the conventional 1 bit/dot method. Therefore, memory
savings should occur if. the symbol has a resolution of greater
than nine by nine dots. A circle has less fill and would re-
gquire éven less resolution to be competitive with the 1 bit/dot
method,

To determine the relative merits of the path direc—

tion method other techniques of encoding Bliss Symbols were

investigated.
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2.7.1 ZRun Length

The run length method encodes a symbol by re-

b

cording the length of horizontal runs of ones or zeroes,

Sach time 2 transition occurs from one to zero or vice versa,

the length of the run is determined. This method exhibits
the most merit with long runs. As an example of this method

consider the heart symbol of Figure %.,18., The longest run
J & . )

"is 23 wnicz implies a 5 bit block code. Since 92 runs oc-

i}

cured, a total of 460 bits of memory are‘required.

To determine the average memory requirements per
symbol, twenty five typical Bliss Symbols were chosen. For
& vertical resolution of 20 grid lines the number of transi-

Tion

s were tabulated for each symbol. Considering the more

(@]
O

mplex symbols, the maximum run could easily reach 64; there-
fore six bits were used to block code each run. The memory
reqguirementis are summarized in Table %.1 along with the path
tion method, As can be seen, the run length method

reguires almost three times the memory to code the symbols.
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! , > 23

2 o 3,6,5,6,3
2,1,6,2,1,2,6,3
1,1,9,1,9,1,1
> 1,1,9,1,9,1,1
».1,1,19,1,1°
1,1,19,1,1

5 1,1,19,1,1

2,1,17,1,2

e 2,1,17,1,2
> 3,1,15,1,3
» 3,1,15,1,3

09 ¢

¢

» 4,1,13,1,4

> 5,2,9,2,5
- 7,1,7,1,7
> 8,1,5,1,8
> 9,2,1,2,9
> 11,1,11

Fig., 3.18 Run Length

Fig, rartial Symbol

W
L

}._l
Xe
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3.7.2 artial Symbol PMethod

Storey broke the symbtols down into sixty-four
beasic shapes or units, Figure 3,19 illustrates how a heart
can be dismantled into the partial symbols.

Bach unit or partial symbol requires eight bits,

six bits for identification and two bits for overlay infor-

mation. An additonal byte is required to position the unit

»

vertically and horizontally., Table 3.1 indicates the amount
of memory reguired to code the 25 Bliss Symbols. The partial
symcol method appears to be an effective method to display
the symbols.

However, the partial symbol method does have some
disadventages. A new symbol . added to the existing set may
not have the proper symbol shape(s) to fabricate it properly.
Initial coding of the symbols reguires tedioustselection and
fitting of the proper partial segments. For the above reasons
anc¢ also because the path direction method is.original, ex—
periments in Chapter IV concentrate on its development.

Scme of the results of these experiments are shown in Figure
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Table 3.1 Comparing Methods of Coding

(Resolution = 20 vertical grid lines)
' SYMBOL PATH DIRECTION RUN LENGTH PARTIAI SYMBOL
' (bytes) (transitions) (parts)
(bytes) (bytes)
J-O+! 47 158 118 25 50
friend
Q - 20 .80 60 14 28
day
@ ; 38 25 19 , 22 44
‘week-end
[¢2e3] 33 106 80 24 . 48
car
O—é— 46 92 69 23 46
hello, . :

goodbye

O\LC? 60 209 156 26 52

afraid

@ 23 86 64 15 30

wheelchair

><(:7<G< | 48 196 147 22 44
angry

cont,



Table 3.1

SYMBOL

O

birthday

?

quesﬁbn

1

t

O&

thanks

1

-V ;
Oto
funny

!

n

good

A

&~

wash

VA
‘happy
A
QO¢
want

NV

teacher

{continued)

PATH DIRECTION
(bytes)

49

16

44

50

37

19

40

3

48

RUN LENGTH
(transitions)
(bytes)

168 126
58 43
168 126
180 135
100 75
27 20
120 80
130 97
176 132

PARTTIAL SYMBOL

(parts)
(bytes)

26 52
8 16
18 36
21 42
17 34
11 22
16 32
14 28
29 58

cont,
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vle 3.1 (continued)
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SYMBOL PATH DIRECTION RUN LENGTH
(bytes) (transitions)
(bytes)
A
m
. 17 40 30
think
?A 19 92 69
how
[ 19 80 60
why |
o 10 60 45
mouth
A
Zi 19 92 69
help
? .
: | 23 70 67
when
!(:) 26 78 58
please
L O\L i 48 198 148
I'm sorry o
‘TOTAL (bytes) 833 2093

BYTES/SYMBOL 33.3

83.7

PARTTAL SYMBOL

(parts)

10

10

13

10

13

24

(bytes)

12

20

20

16

26

20

26
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Fig. 3,20 Bliss Symbols as Displayed on Television
(Vertical Kesolution = 20)
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CHAPTER IV

TEST PROUGRAMS

4,1 Test Hardware

The test equipment (Fig. 4.1) consisted of an Imsai
8080 microprocessor with a Merlin Graphics Display and I/0
(input/output) devices to communicate with the computer. The
technical details and specifications are given in Appendix BR.

The Merlinh interface displays a dot on the television
screen for every corresponding dot in memory; requiring 8K
bytes (8,000 bytes of 8 bits) of memory. Herlin and the
microprocessor share the memory and in this manner, the micro-
processor can alter what is displayed.

This equipment was used to experiment with the first
three methods as described in Chapter III. The primary purpose
of this chapter is to verify the theory discussed earlier angd
perhaps identify unforseen areas of difficulty.

All programs were written in North Star Rasic
except the code decompiier of the path-direction method,

which was written in 8080 ASSEMELER.



it

Fig.

4.1

Experimental Equipment
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oguations Describe the Svmbol

'"BLISS! was a progrem written to experiment with
symbole by inputting eguation varameters to construct and

iss Symbols with a large degree of flexibility,

o
¥ w3
[6)}
o]
1
)
~
t
|
:_,

The program first initializes pertinent data and
variables and then requests the desired position of the symbol
to be constructed., The program then requests equation parameters

o4
|

and displays all:.sample points., The sample point coordinates

o8

re stored in x,y, arrays and on the completion of a symbol

are shifted until the x and y error is less than a predetermined

~

value., The coordinates are then matched with a dot and z dot

is designated if mecre than 'T' samples are assigned to the dot.

Thisg is eguivalent to the smoothing technigue described in
* Q X

ot

H

Cranter III., After all the dots are displayed, the operato

cen scrutinize the symbol and record the eguation parameters
for posterity. The »rogram then reinitializes and solicits

input for another symbol. Refer to Figure 4.2, the flowchart,

™

, for further details.,

and Appendix C, the program listin

o

One unforseen problem vecame apparent when the first

ot

circle was presented and 1t appeared egg-shaped, An aspec

ratio factor 'F'!' was introduced to correct for this distortion.

o the 'C' and 'S' variables which determined the sample

N
ot
[6]

point density for circle and line segments respectively,

required some trial and error in conjunction with the threshold

SEEN
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INITIALIZE
—-variables
~-display
area

INPUT

COMMAND

Input /
Circle

Parameters

InpuE“MMW7
[/ Line /

Compute X Y
coordinates
-store &
display

/ Papameters

Calculate

Compute X Y
coordinates
-store &

display

Error

Yes

Shift
Coordinates

Next Dot

L :

Display
Dot on

Flow Chart of Bliss

Fig. 4.2

Television

more than
'T'
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variable 'T' to yield a satisfactory display of dots., Another
small problem in the error routine occurred when the total
error would not converge to less than the preset threshold
and the computer would, therefore, loop in this program
indefinitely. This was remedied by putting a limit of ten
iterations on the error correction routine. The remainder

of the program was straight forward.

'BLISS' was an ideal program to experiment with in
varying parameters and variables. Before 'BLISS' was attempted,
it was the author's belief that the equation parameters could
be stored in a file and called upon to display the symbol.
However, an unreasonable amount of time, measured in minutes,
was necessary to compute and display each symbol, making it
impractical. A solution to this dilemma would be to compute
the x,y coordinates beforehand, thus alleviating the computer
of a heavy workload at the time of presentation. This was the

course of action pursued.

4,% 'BLSLD' - Constructing a Data File of Equation Parameters

The first requirement was to assemble a file of
equation parameters for each symbol. The program that did this
was 'BLSLD' ‘and it loaded a string of data in the following
format:

# SYMBOL € x x x x C x x x C x x x X X B



Fig. 4.3
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‘ START ,

# & Name

/ INPUT
7, Symbol

— i
] B

Close
File

INPUT

STOP
Remaining ( ’
Parameters
b4

fin the strin

PRINT

String
to verify

Update File
Pointer 'N'

INPUT
"Y" or IINI

/

7

Flow Chart of BLSLD

WRITE
String in
File

: -

Yes
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where: # - symbol number, used to identify a symbol when
scanning

C -~ command

/ - line with four trailing arguments xo yo x1 v
Q@ - circle, five arguments x y r A B
- previous symbol, 3 arguments # x y

E - end delimiter

All the individual components of the string of dots
were delimited with spaces.

A new command ‘':' meaning previous symbol was
introduced here. The line and circle command, along with their
respective arguments were previously discussed. The ':' has
three succeeding arguments (# x y) the first of which was
the symbol number that had previously been processed. The x
and y were translation factors and they indicated how much the
symbol would be translated in the x and y directions. This
technique saved file space and computer time in not having
to reprocess similar symbol shapes. This techniqﬁe was a
recommendation of Chapter III and it proved to be very satisfactory.

BLSLD solicited input which was entered as a long
string., The data file it created was BLSDATA. Provisions
were also made for correcting this BLSDATA file with a program
called BLSEDIT.. The Tlowchart for BLSEDIT is shown ih Figure

4.4 and the prrogram listing.-.is 1in Appendix E.

T+




OPEN File

INPUT

Symbol # to
be edited

;

Transfer fild
to buffer
“file up to
Symbol 'M'

|

PRINT String
of the symbol

to be
corrected
INPUT /

New String

;

PRINT
New String
to verify

Yes

PRINT
'DONE'

K\_,/’T’_““‘

Transfer
Buffer to
the original

File

——~$4 STOP >

,“

WRITE in

Fig. 4.4 Flow Chart of BLSEDIT

that string &

remaining fil
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4.4 'ELSYY' - Comvputing the Dots Off-Line

BLBXY is a program very similar to BLISS., The
difference lies in the input. BLSXY reads the RBLSDATA file
for input instead of entering it manually., Also the computed
coordinafes'of the dots were stored in a file called BLSDXY
instead of being presented on television. This file is then
utilized in real time presentatation of the symbols, BLSXY
was intended to be run independent of manual input, reading
the data from one file and computing coordinates for another.
A typical execution time of four or five hours is reguired to
compute the coordinates for one hundred symbols with a height
of twenty dot rows. The flowchart and program listing are

in Figure 4.5 and Appendix F respectively.



OPEN Files
Initialize
Variables

i

READ BLSDATA
for parameters

New Symbol

get # and

name /'

WRITE
%tring of dot
' in

BLSDXY

4.5

Fig,

Calculate the samples for the

circle and store

Calculate samples for the line
and store

READ in the dots from a previoug
symbol and store in this string
with the new offset values

!

Calculate Error and Smpoth
~designate dots from samples
collected from circle and line

Fflow Chart of BLSXY




W
~
U

4.5 'BISPLAY ~ Read the File of Coordinates and Present the

Symbol

DISPLAY is the real-time counterpart of BLSXY and

it displays the coordinates which BL35XY computed and stored in
BLSDXY., A symbol still requires a few seconds to be presented
with the calculationlof the width of the symbol occupying
much of this time, Refer to Figure 4.6 and Appendix G for the
flowchart and vprogram of DISPLAY, The width could be added
to the existing file to save some time but then this again
requires more memory.

. One can begin to see here the conflict between time
and memory requirements. Undue delays in presenting the symbols
lead to frustration, vet additional memory is a direct hardware
expense, A compromise to partially satisfy both would be
necessary unless another means can te devised to satisfy both.

Method Three is an atftempt to satisfy both of these requirements.

4.¢ 'BLSCODZ' - Compute Coce for Path Direction iethod

BLSOCDE compiles a code for the path direction method
ag described in Chapter II1. For detzils refer to the flowchart
in Figure 4.7 and the listing in Appendix H, The code does not

reguire extensive memory and it ies stored in core memory.



OPEN )
BLSDXY /
I
READ entire

file and get
index of file
pointers

Enter Display|
Program and
Parameters

&

\\&

|
f

creen t° Blank TV

.
1

Yes if 'C! ;

f Screen

{

\\\Ei\}iiiigd

j Input ;
/ Symbol # ;

/ /
:"“""“‘”"_L_M'

Read in

String from
BLSDXY for

that #

Y

Find the width /T .
of the symbol { DISPLAY '
and advance —————e* Symbol on

/

the cursor \
\vngi~m///

FPig. 4.6 Flow Chart of DISPLAY




_ 60 - ( START )
/ ’ ‘

Read BLSDXY /Initialize
>/ A$ (data) \‘Open BLSD

( \

Load index with address

of code for that symbol

ie. next available memory

Consider all dots and find the
v| closest one (X2,Y2) to the
——=4 Dresent position (X0,Y0)

(that is the path to take)

Find width
of symbol &
enter code

e s e e

’ . - ' Lift pen and | Advance to
P No Distance ™y . enter code N that i
e > 1.5 . for intermed. position ;
Yes .~ Dots < . I dots
\\E§hausﬁsdf iFO :
N prTTTTTT T k
! !
‘ Lower
1
t Pen

Calculate and
enter code |
advance to E

that position
]

Fig. 4.7 Flow Chart of BLSCODE
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A few notes on the program will clarify some points,
ror convenience of decompiling the width is added at the end
of the code; this was not done previously in BLSXY. Also notice
that an index is compiled, indicating the absolute memory
location of the code for each symbol. The symbol number
aetermines the offset in the index table which in turn contains
addresses of the code. The 2-bit code is entered into & byte
from most to least significant side. When a byte contains four
codes the next byte is started. A new symbol always starts
on a new byte irregardless of whether there was any remaining
space left in the previous byte.

Ltgain, this program was designed to be run in an off-
line mocde, taking hours to execute a set of one hundred symbols,
The program reads the dot coordinates from the BLSDXY file and

ernters the code in an unused portion of core memory.

4.7 Path Direction Decompiler

The objective of method three was to minimize the
memory reguirements, and a method was devised to shrink the
regquirements for the symbol data, but the program to manipulate
tnis code also requires memory. This program will be an
essential element of the Bliss Symbol Communicator. The off-

line program requirements of memory and time were not critical,



These resources were only initially reguired to

develop the software for this system. However, the len

o
-:’)

_L'7

of program used for decompiling the code and presenting it is
important. For this reason, this program was written in
assembler language. Although writing a computer program

in assemblér 1anguagé is more difficult to both write and
understand; it is the best means to minimize memory require-
ments.

The program first initializes variables, sets and
clears the display area and then scans the eight output light
emitting diodes (output port FF) located on the front panel
of the computer. The LEDs simulate a scan board, each light
representing a different symbol. Touching any key on the key-
board freezes the number currently in the scan register and
the program gets the address (SYMB) of the first code from
TARLE (OFO0 - ). The flow chart and program listing are in
Figure 4.8 and Appendix I respectively.

~

The program then goes to DIREC and gets two bits

BITS), decodes them and executes them according to the command

Figure 4.9 has an example to nelp clarify the operations

of the program. The code is as follows:
Hex ninary
cr 11001111
T 111111

2F CC101111




A2 . 10100010
#O 11110000
05 00000101

During initialization X is set to minus one and
Y to zero with the direction register set to zero. The
first two bits (11) mean straight ahead, so the cursor
moves to coordinates (0,0), but since the pen is up,
nothing is displeyed. The next two bhits (0,0) indicate
that secondary bits are required and they being (11) for
a combined value of 0011 mean 'lower the pen', The next
five 11's display a horizontal base line with the direction
register all this time being zero. The next 0010 adds
two to the current value of the direction register. The
next 0010 adds two to the direction to turn 90 left
(counterclockwise) or in this case up, and the dot is dis-~
played. The next two sets of 11's display two additional
dots vertically and then the two 10's shift the direction
left., Lne dirvection register is now horizontal, pointing
left, but the next 0010 brings it to a downward direction
for the remainder of the symbol. The three sets of zexroes

(00,00,00) indicate the end of the symbol in binary; with
3

the remaining six bits representing the width of the symbol

in hinsary; which in this case is five.

Lz i

A few of lMerlin's operating systems subroutines were
nsed to disvlay the dot, clear the screen, etc, All of these

vt Cuwx {(iex) in Merlin's MEI rom.

¥
o

3 v e ETENEPRRp 5
subroutines are locaie
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The path direction method code was developed empirically.
Given the knowledge of the protabilities of the commands, one

can code this optimally as suggested by Huffman., Optimallity

refers to the average number of bits per code required. Thus -

the probabilities of the different codes were calculated

and the Huffman code was determined.

Jhd b 0 e g R

The results are shown

below:

Authors's Percent Relative . Huffman Relative
Ilfeaning Code Occurrence Size Code Size
traight 11 68.5 137 1 .685
eft One 10 10.9 21.8 000 327
ight One 01 e.1 16.2 001 <243
en Down 0011 3.3 13,2 0101 132
eft Two 0010 2.7 10.8 0110 . .108
ight Two 0001 S 3.2 010010 L0488
nd 000000 2.4 14.4 0111 +096
en Up 000011 1.4 8.4 010000 .084
Right Thre 000001 .9 b.4 010001 .054
Left Three 000010 .7 4,2 010011 042
2.346 1.819

bits/code bits/code

By implementing the Huffman code, a 20 percent saving

M)

in memory storage could be realized. However, since this

Q

o~

code would be more difficult fo compile and decompile, no
attempt was made to implement it. . Future endeavours should

consider it.

482 Review and Results

Figure 4,10 presents in chronological seguence a review

of the major developments of the experiments. Initially equma-

tion parameters were tabulated and they became an excellent



i
-~J
I

ard in displaying Bliss Symbols but they were inadequate

jof

tan

n
3

for displaying the symbols directly because of time limitations.
A second approach was attempted in computing the coordinates

of the dots to be displayed but still it required a fair amount
0f time and memory to present the symbol., Then the path dir-
ection method was attempted and it solved these problems.
Quantitative results of memory and time for the three methods
are given in tables 4.1 and 4.2 respectively. From these
tables it can be concluded that the path direction method is

a feasible technigue to display Bliss Symbols.



METHOD T METHOD II METHOD III
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Display dots (symbols)
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Display dots (symbols)
v

-better but not adequate i
” Compile path direction
code for all symbols

and store

Decompile code and
display symbols

Fig. 4.10 Keview of Sequential Events
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Basic
~ethod Language Program Variables Code Total
1. Equations 11.5 K 2.2 K . 10K 6,2 K 29.9 K
Directly (bytes) :
2. Reading the 11.5 K 1.9 K 1.1 K. 35.4 K 49.9 K
Coordinates
2. Path .75 K 0 K 3.2 K 4 K
Direction :

Table 4,1  lMemory Comparison

Fethod Off-Line Display
Execution Time Time

1. Zguations
Directly 0 _ 30-100 sec.

2. Reading the :
Coordinates 4 - 5 hrs./ 100 symb, %3 sec./ symb.

3. Path Direction 4 - 5 hrs/100. symbols .3 sec./symb.

Table 4.2 Time Comparison
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CHAFTER V
CONCLUSIONS AWD RECOM#BNDATIONS

This thesis has been concerned with finding efficient
techniques to display Bliss Symbols on television. The results
of Chapter III indicated that the path direction method was |
the most favourable, Chapter IV presented programs to trans-
form the Bliss Symbols from equation descriptors to the path
direction code. These investigations and experiments demonstrated
the feasibility of displaying Bliss Symbols on television.

Original contributions of this thesis in the
author's opinion are:

1. The standardization of Eliss Symbols employing
equation descriptérs.

2. Error minimization to represent a symbol on a
discrete array. '

3., Path direction method to code Bliss Symbols
efficiently.

- Some topics that warrant further investigation are:

1. It may be obvious that the path direction method
is intended to present a path that is one dot wide. To have
a péth wider than one dot, as would ve reguired for easy
viewing of large symbols, would be awkward with this method

directly because of the continuous turning to set the dots.



A wider line could be attained by displaying two dots
simultaneously meking the line thicker with no additional
code reguired., This should be investigated further.

2. Try the path direction method with other graphics,

3. Try other codes, possibly allowing only counter
clockwise turns; such as:

1 - straight ahead

01 - counterclockwise turn

001 - change pen mode
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Appendix A

TABLE OF BLISS SYMBOLS
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Appendix B

SPECIFICATIONS ON MERLIN AND OTHER COMPONENTS
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Appendix B

Technical Details of Experimental Eguipment

Mlainframe - IMSAI 1

Front Panel - 44 LED's, 22 switches
Motherboard - 22 slot, S100
Power Supply - 18 amps %12 volts and +5 volts

Mainframe Cards
Microprocessor or Central Processor Unit

- IMSAT

- 8080A

- 2 phase, 2 Megahertz clock
RAM 4A

- IMSAI

- 3 x 4 K byte boards
RAM Godbout 2 |
- 3 x 8 K byte boards

Serial I/0
- RS232 output ports 2 and 3 for VUCOM I terminal,
and printexr
- I1/0 for Disk Operating System, Basic, Assembler, etc.
- TEHSAT

iMerlin - Double Carxrd 3
- Miniterm Associates Inc.
- Graphics Interface for 12" B & VW portable Fleetwood
Television '
- Options - Superdense 320 x 200
- MBI, MEI

4
Floppy Disk Card -~ North Star
~ Interfaces Floppy

Minifloppy - North Star
With power supply
100 K bytes/disk )
Used North Star Basic and Disk Operating System

Keyboard - Radio Shack °
ASCII Encoder Keyboard #277=117 | ' .
Plugs into Merlin Board to operate #fierlin's Operating

System.
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IMSAT - IMS ASSOCIATES, INC.
14860 Wicks Boulevard
San Leandro, Ca. 94577

GODEOUT - BILL GODBOUT ELECTRONICS
Box 2355
Oakland Airport, Ca, 94614

KMERLIN - MINITERM ASSOCIATES, INC.
Dundee Park
Andover, Ma. 01810

NORTH STAR COMPUTERS INC.
2547 Ninth Street
Berkeley, Ca. 94710

RADIO SHACK - A DIVISION OF TANDY CORPORATION
Barrie, Ont. Fort Worth, Texas
‘Canada  L4M 4W5 U.S.A. 76102
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BLISS LISTING
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