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ABSTRACT 

Due to the recent advances in computer and display 
hardware technology, visual displays have found many 
.applications. A visual edit display with communication 
facilities with the computer has been proposed to aid 
making decisions in the Automatic Cartographic Project at 
the University of Saskatchewan. This thesis, conducted as 
part of the overall display project, was undertaken to 
investigate the feasibility of displaying 500 depth sounding 
indications "flicker free" at one time. 

A survey of the terminal devices and the character 
generation techniques was carried out, and a new design 
approach using a digital stroke method of character gen-
eration was proposed. 

Prototype digital stroke character generators, using 
both "Beam Pencil" and "Fixed Pattern" methods were designed, 
constructed and tested. The advantages and disadvantages 
of both "Beam Pencil" and "Fixed Pattern" methods were then 
compared and evaluated. 
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1. INTRODUCTION 

1.1 General 

Due to the recent advance in computer and display 

hardware technology, visual display has ceased to be a 

monopoly of military applications. It has found many 

applications in on line graphics, on line information systems, 

information storage, retrieval, and editing'. Based on the 

functions and applications, visual displays can be classi-

fied into three types. They are: indicators, console, and 

group displays. 

Although many techniques, such as electroluminescent 

and opto-magnetic, look promising in console display applica-

tions, they are still in the initial development stage and 

will not become commercially available until some time in the 

future. In the console display category cathode ray tubes are 

the dominant technology for the present state of the art. 

An automatic system for Hydrographic Chart Production 

is being developed at the University of Saskatchewan based on 

the concept now known as the "Oxford System" first presented by 

Dr. A.R. Boyle and Mr. D.P. Bickmore to the Technical Symposium 

of the international Cartographic Association in 19
6
4
2 

It is 

a decision orientated system. As an example, the depth sounding 

-1-
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selection for the hydrographic charts could be done entirely 

by software techniques. In that case once a decision had been 

made, the drawing would proceed automatically. A visual edit 

display with communication facilities to the computer has been 

proposed to give the hydrographer more flexibility in making 

decisions. Such a dynamic display system, would enable visual 

selection and editing to be carried out so that correctness 

as well as pleasing visual effect would be ensured before the 

final charts were drawn. 

For the initial development of such a system it is 

proposed to design a visual display unit which is able to 

display 500 depth sounding indications, with two or three 

digits per indication. The sounding indications are only 

numeric characters 0, 1   9. 

Basically, there are two methods of generating the 

characters; 

(1) the point plotting technique, and 

(2) the hardware technique, or character generating 

technique. 

In general, as the output of a computer is digital in 

nature, and the input to the cathode ray tube must be analog, 

the overall display system can be considered as a digital to 

analog converter. 

In a point plotting display, all display information 

is made up of discrete points plotted in the desired sequence. 
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For each point to be plotted on the face of the cathode ray 

tube, a separate display file word containing the binary codes 

for the X and Y co-ordinates is required from the computer. 

With appropriate programming, any character or line can be 

formed as a series of plotted points. The display controller 

requirements are relatively simple, and consist of only one 

pair of digital to analog converters and digital unblanking 

circuits. The main limitations with this technique are the 

large amount of computer memory and the extensive computing 

time required to generate characters for the regenerative 

oscilloscope displays. As the display drawing speed is quite 

slow, the amount of information that can be displayed on a• 

conventional regenerative cathode ray tube without flicker 

is quite limited. The above statements about the computer 

memory and the computing time limitations are also applicable 

to storage oscilloscope displays. 

In order to improve the plotting speed, reduce the 

display file size, and to increase the number of characters 

to be displayed without flicker on a regenerative cathode 

ray tube, a hardware technique has to be used. This 

"character generator" can draw a character or a picture element 

with a single command from the computer, and it is much faster 

than that of the random point plotting system. 

Many character generation techniques have been recently 

deve1oped
3
'
4
. The three main techniques are beam shaping, 
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raster scan, and function type. Within each technique, a 

number of alternative methods are available. Character 

writing speeds range from tens of microseconds to a few micro-

seconds, depending on the methods of character generation and 

the characteristics of the deflection systams of the cathode 

ray tubes employed. The choice of generation techniques is 

a matter of trade-off between a number of factors such as 

character writing rates, character complexity, symbol quality, 

bandwidth, cost, and changeability. Many types of character 

generators are commercially available
5
. Most of them are for 

tabulated displays with a capacity of 32 or 64 different symbols. 

A random display alphanumeric character generator with the 

capability of displaying more than one thousand characters 

without flicker is very expensive. For the depth sounding 

selection application, the characters of interest are mainly 

numeric, and the size of the character should be as small as 

practicable. Hence, the commercial unit would not be suitable 

from the economical point of view, because it would not be 

used, to its full capacity. Numeric displays can tolerate 

poorer quality characters than alphanumeric displays, 

because it is not necessary to differentiate between similar 

figures, such as 2 and Z, 5 and S. A character size of 5 x 3 

matrix would be acceptable. This results in reduced display 

clutter and increased character writing rate. A cheaper 

character generator could be designed by utilizing the 
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"characteristics" mentioned above. 

1.2 Scope of The Thesis 

The purpose of the thesis is to present a feasibility 

study of a character generator suitable for the display of 

selected sounding to be used in a hydrographic chart. The 

second chapter deals with the system requirements and the 

evaluation of different cathode ray tube techniques and 

character generation methods. The third chapter deals with 

the logic design of the proposed programmed dot digital 

stroke character generators. Prototype character generators, 

using both "Beam Pencil" and "Fixed Pattern" techniques were 

designed, constructed and tested. The relative advantages 

and disadvantages of each system are then compared and 

evaluated. 



2. SYSTEM REQUIREMENTS AND GENERAL CONSIDERATIONS 

2.1 System Requirements 

The overall visual display requirements are quite 

complex and many have yet to be determined. For the initial 

stage of the development and the purpose of this thesis, it 

is proposed to have about 500 depth sounding indications 

each of 2 digits (or possibly of 3 digits) displayed at one 

time. The actual digits should be of sufficient clarity for 

an operdtor to read easily. The sounding information to be 

displayed is only numeric 0, 1   9, rather than alpha-

numeric. The system itself must be flexible and must have 

provision for new symbols to be added if required. 

For the display of Hydrographic data, the computer must 

be able to: 

(1) randomly position the electron beam anywhere on 

the face of the cathode ray tube to indicate sounding 

locations. 

(2) sequentially position dots or lines so that 

they form the desired digit or character, and 

(3) regenerate each dot or line at an adequate 

repetition rate to eliminate flicker, if it is a regenerative 

display. 

-6-
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The co-ordinate grid covering the face of the tube can 

have its origin at any point on the face of the cathode ray 

tube. However, the co-ordinate system used will be determined 

by the format used in the recording system. 

2.2 Cathode Ray Tube Techniques 

2.2.1 Types of cathode ray tubes 

The numerous cathode ray tube type devices that have 

been developed provide great flexibility in the use of the 

cathode ray tube in display systems. In general, we can 

classify cathode ray tubes into two main groups: 

1) general purpose cathode ray tubes, and 

2) special purpose cathode ray tubes. 

(1) General Purpose Cathode Ray Tubes 

Basically there are two types: a) Electrostatic, and 

b) Electromagnetic, determined by the deflection method 

employed. Each type has certain characteristics which are 

either advantageous or disadvantageous in a display system. 

(a) Electrostatic Deflection 

The main advantage of the electrostatic type is its 

writing speed. Its main drawback is poorer resolution as 

compared to the electromagnetic type. It also has poor 

deflection sensitivity6'7. 
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(b) Electromagnetic Deflection 

One of the main advantages of all electromagnetic 

deflection systems is its smaller spot size, especially with 

the larger tubes as compared to the electrostatic type. The 

beam is also well focused throughout the screen area. However, 

there is a serious drawback in this system -; that is its slow 

writing speed as compared to the electrostatic tubes, due to 

the recovery time limitation of the yoke. This would limit 

the writing capability of a computer generated display system. 

A composite cathode ray tube incorporating the best 

characteristics of both types has been developed and is 

finding increasing use in computer generated displays. In 

computer generated display applications, the electromagnetic 

deflection is used for character positioning, and the electro-

static deflections for character generation. 

(2) Special Cathode Ray Tubes 

Because of the limitations of the general purpose dis-

play tubes,many types of special purpose cathode ray tubes 

have been developed, and many have found applications in 

computer generated display systems. 

Multigun cathode ray tubes9 have been used when the 

amount of data to be displayed exceeds the capability of one 

gun, or when more than one data source is to be displayed on 

the same screen with different colours for comparison. For 
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applications, where it is necessary to have independent 

control over the intensity and the deflection of each 

individual beam, electrostatic deflection must be used. 

However, electromagnetic deflection may be used where common 

deflection is required. 

The main limitation in these tubes is the poor "registra-

tion accuracies", and the "keystoned"images, caused by the 

various guns being on a slight angle with the screen. 

An optically ported cathode ray tube10 has been developed 

for some applications, where it is necessary to display some 

fixed data, such as a geographical base map, on the screen 

while changing the dynamic information. However, due to the 

off-axis projection, this approach has a number of inherent 

distortions, which must be corrected. 

Shaped beam cathode ray tubes9 are also commercially 

available for character generation. This type of tube provides 

character and symbol generation by selectively positioning 

the beam to shine through the appropriate symbol in a charac-

ter mask prior to positioning the symbol on the face of the 

tube. This type of tube is expensive, and it is also not 

possible to change any of the fixed symbols provided. 

. 
The direct view storage display9 is  only truly 

"flicker free" presentation available. It provides the 

ability to store an image on the face of the tube rather than 

in a computer or in a buffer store. Since it is not necessary 
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to regenerate data, no high speed memory is necessary. Until 

recently, the resolution obtainable was poor and the physical 

size of the screen was limited. However, with the introduction 

of the Tektronix Type 61111 11-inch storage display unit with a 

display area of 21 cm x 16.3 cm, and 400 stored line pairs 

vertical resolution, the storage scope will find many appli-

cations in computer controlled displays. 

Flat cathode ray tubes
9 

have many attractive features 

and a promising place in future display, though much develop-

ment work has yet to be done. 

2.2.2 Cathode ray tubes characteristics 

The beam spot size, and the type of phosphor employed 

in a cathode ray tube are of major importance in a display 

system. The beam spot size determines the resolution of the 

tube. The brightness of the display is a function of the 

energy in the beam and the efficiency of the phosphor. 

(a) Beam Spot Size 

It has been determined experimentally that the spot 

size of a cathode ray tube is determined by the electron beam 

diameter, the phosphor used, and the tube parameters
12
. The 

beam diameter is controlled by the cathode emitting area and 

electron lens magnification. It is also established that the 

spot size increases with increasing beam current. This is 
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largely due to the space charge effect. The mutual repulsion 

of the electrons tends to spread the beam, thus increasing the 

spot size. It is also found that the resultant beam spot size 

is linearly proportional to the tube size. Thus, by doubling 

the tube diameters, the spot size will approximately be 

doubled. High beam current required for high brightness, and 

small spot size desired for high resolution are two contra-

dictory requirements. However, experiments
12 

have shown that 

for a constant brightness, an increase in anode voltage and 

second screen voltage results in marked improvement in spot 

size. This is due to the fact that an increase in anode 

voltage will increase brightness, thus allowing a decreasein 

beam current, resulting in a smaller spot size. 

The spot size is influenced by the grain of the phosphor. 

Excessive spot brightness produces a halo effect due to internal 

reflections within the screen and thus the halo is a function 

of the phosphor thickness 

The minimum spot size of a given cathode ray tube is 

normally specified by the manufacturer. A minimum spot size 

of 0.012"5 for an electromagnetic type of 21" tube is commerci-

ally available. However, this spot size is usually specified 

under low beam current conditions at the centre of the tube. 

This size must be doubled at the edge of the tube. The minimum 

spot size obtainable for an electrostatic type tube is usually 

twice that of the electromagnetic type. 
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(b) Phosphor Characteristics 

The important factors in choosing the proper phosphor 

for a given application are screen efficiency, colour, decay 

time, and spectral energy distribution. The actual light 

seen by the viewer on the face of the cathode ray tube is 

caused by the electron beam striking the phosphor and the 

light produced is called luminescence. It consists of two 

parts. The first is known as fluorescence which is caused by 

the electron bombardment during the period of excitation. 

The second is phosphorescence caused by light emission of the 

phosphor after the excitation has been removed. 

The light output of the screen depends on two factors. 

One is how well the spectral distribution of the phosphor 

matches the response curve of the eye and the other is the 

efficiency of the beam. The efficiency is determined by how 

much of the beam energy is converted into light energy. Beam 

energy and brightness are linearly related up to a point before 

saturation effects occur. Saturation may be caused by voltage, 

current or heat
13
. 

The persistence is defined as the time required for the 

intensity to drop to 10% of its initial value after the removal 

of the beam of electrons. Persistence can vary in time from 

less than a few microseconds to minutes. Phosphors are 

generally classified into three types (1) short-persistence 

phosphor, (2) medium-persistence, and (3) long-persistence 
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phosphor, on the basis of the decay time constant. The 

persistence is one of the factors that must be considered in 

the selection of a cathode ray tube for a given application. 

Long persistence can be used to reduce the effect of flicker 

when a lower repetition rate is employed in a given display 

system. However, too long a persistence may smear the changing 

display data. A list of most of the known phosphors and their 

general characteristics arc given by the ETA (Electronic 

Industries Association)
14 

In general, the long persistence 

type suffers from low light output and has low resistance to 

burn. 

2.3 Methods of Character Generation 

As mentioned in the previous chapter, there are three 

main types of character generators (beam shaping, raster scan 

and function generator) which can suitably handle the computer 

output data. The main differences between these generators 

are in the methods which they use in forming the characters. 

However, there are a few system elements which are common to 

all, irrespective of which technique is used. 

(1) Character Decoder, which decodes the digital 

data from the computer to select the corresponding character 

to be displayed on the face of the cathode ray tube screen. 

(2) Position Decoder, which translates the digital 

input code from the computer into a deflection signal which 
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positions the character at the proper location on the face of 

the cathode ray tube. 

(3) Character Store, which stores all the information 

required to convert the coded digital description of a 

character into the corresponding symbol. 

A generalized character generator is shown in Figure 

2.1. 

POSITION 
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FIG.-2.1 GENERALIZED CHARACTER GENERATOR. 
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Data from the computer is fed to the position decoder 

which determines the X and Y co-ordinates of the character. 

A digital code from the computer to the input decoder selects 

the desired character from the character store. 

Character generators are classified, according to the 

method used to form the character, as follows: 

(1) Beam shaping technique, 

(2) Raster scan method, and 

(3) Function generators. 

(1) Beam Shaping Technique 

In this approach, the character store is a stencil mask 

placed inside the tube. A set of character selection plates 

direct the beam through the appropriate character in the mask. 

The emerging beam, whose cross section has the shape of the 

particular stencil, is then directed to a particular position 

on the face of the screen by the deflection circuitry. Typical 

examples of this type of display system are the Charactron, 

Typotron and Tonotron
9
. As mentioned earlier, the prime 

advantages of this technique are the high character writing 

rate and the superior quality of characters, and the main 

disadvantages are the cost and the poor repertoire-changeability. 

This method is restricted to monochromatic display. 

(2) Raster Scan Technique 

A raster scan technique may be used to form the desired 
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character by intensity modulating the electron beam. The 

electron beam is programmed to trace out a miniature tele-

vision scan whose dimensions equal the desired symbol size. 

The character shape could be stored as intensity signals on 

either a core matrix,drum, or as an optical image. If a core 

matrix is used every point of the character can be stored. 

The desired character can be formed by unblanking the electron 

beam at intervals determined by the shape of the character 

during scanning15 . This technique usually utilizes a large 

amount of core store. The quality of the characters generated 

are generally quite good. However, this is achieved at the 

expense of circuit complexities and slow character writing 

rates. The desired character can also be formed as a series 

of evenly spaced horizontal lines16, instead of dots. This 

is achieved by storing only the end points of the scanning 

line segments in the magnetic cores. 

The characters can also be stored in the target of 

special cathode ray tube known as monoscope tube
5
. The 

desired character is selected by X and Y deflection position 

signals. The desired character intensity modulating signal 

is then obtained by scanning the electron beam on the target 

on which the selected character has been written in carbon 

ink. Because of the different secondary emission characteris-

tics of the written character and the background, a modulating 

signal is produced. This signal is then used to intensity 
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modulate the display system which is scanned in synchronism 

with the monoscope beam. 

Similarly, the characters can also be stored on a mask 

external to the scanning tube
5
. This is similar to the 

arrangement of a flying spot scanner used in T.V. technology. 

It is also possible to store the digital equivalent of 

the video signals of the entire T.V. raster in a computer 

memory. or on a video disc
17 

'
18

The main advantage of this 

system is the simple console design using conventional tech-

niques, which are well developed in T.V. technology. However, 

this technique requires conversion from the point and line 

description used by a computer, to deflection and intensity 

modulating signals in T.V. format. This requires much computer 

time or hardware, both of which are expensive, and the problems 

of synchronizing this information with the T.V. scan are 

formidable. 

(3) Function Generators 

In these techniques, the electron beam is used as a 

pencil to trace out the character directly rather than move 

through a fixed scanning pattern. Three methods are generally 

used in this category. They are Fourier, Stroke and Programmed 

Dot techniques. 

The Fourier technique was first developed at MIT
19 

in 

1958. The desired character shape may be stored in circuitry 
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which includes sine wave and harmonic generators with phasing 

control, and the necessary blanking and selection logic 

circuits. The necessary X and Y deflection voltages for the 

oscilloscope, for a given character, are obtained by combining 

sine and cosine terms of the first five harmonics of a 30 KHz 

fundamental frequency. 

In the Stroke technique20 , characters are composed of 

a sequence of vectors or line segments. Read only memory or 

logic circuits are used to control the generation of variable 

slope voltage ramps in time sequences, corresponding to the 

desired character. These ramps are then applied to the 

deflection plates of the cathode ray tubes. 

In Programmed Dot techniques, the electron beam is 

programmed in sequence from one dot position to another as 

needed to form the desired character. The character shape 

may be stored in analog form in a summing resistor network 

or transformers
22 

along with logic circuitry for selecting 

the proper co-ordinates. 

21 

2.4 General Considerations and Comparative Evaluation 

2.4.1 Flicker free rate and choice of phosphor 

With the exception of the storage tube, characteristics 

of the screen materials cause the display on the face of the 

tube to last only for milliseconds. It has to be refreshed 

at a certain rate to present a "flicker free" picture to the 
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viewer. The term "flicker free" used to indicate the 

apparent steadiness of the display. The lowest frequency at 

which flicker is just noticeable is known as the critical 

fusion frequency. Its actual value varies widely, depending 

upon the wavelength of the light, brightness, contrast, 

ambient light, and image persistence of the human eye and 

decay rate of the phosphor. The data and curves obtained from 

Turange's
23 

experiments are very useful to determine the 

critical fusion frequency of a few commonly used phosphors. 

These data and curves were obtained from the combined eye-

phosphor characteristics, operating in an environment typical 

of contemporary information display systems. The long 

persistence phosphors, such as P12 and P26, usually suffer 

from low light output and low resistance to burn. The short 

persistence phosphors, such as P4 and P31, require a high 

refreshing frequency and therefore have a low flicker free 

capacity display for a given character generation technique. 

The medium persistence phosphor P7, with a critical fusion 

frequency of 30 Hz would be a good choice in this application. 

The spectral energy distribution P7 is given in Figure 2.2. 

This phosphor has a double peak with the yellow component 

matching the response curve of the eye. This phosphor also 

has two distinct persistences as shown in Figure 2.3. The 

blue component, which has a persistence in the range of 50 

microseconds is most suitable in 'light-pen' applications. A 
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light pen provides a communication link between a visual 

display and the computer. The yellow component which has a 

persistence in the range of 400 milliseconds is suitable for 

viewing applications. 

2.4.2 Determination of character and display sizes 

The choice of character size depends on many factors 

such as visual acuity, number of characters to be displayed 

and the complexity of the character. It has been established 

that the minimum resolvable spot size of the eye is one minute 

of arc
12,13

. Characters such as 3 and 9 must subtend at least 

five minutes of arc to be resolved. Based on one minute arc 

visual acuity, the relationship between minimum resolvable 

element size e and the viewing distance D is given by Whitham
24

e = 0.0003 D 

This relationship is plotted in Figure 2.4. For a 

console display, the normal viewing distance is approximately 

18 inches. At this distance, the minimum resolvable element 

by the eye is 0.005 inches. 

The relationship between symbol size and viewing distance 

is also given by Whitham24. At the standard viewing distance, 

the acceptable character size ranges from 0.05 to 0.25 inches. 

Poole13 has indicated, for cathode ray tube displays, that 

the optimum resolution is one million elements. Further 

increases in performance require a large increase in cost. 
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Based on one million elements and a minimum resolvable spot 

size, Whitham has shown that the minimum screen size is 6 

inches. However, the average spot size of a large screen 

cathode ray tube varies from 0.012 inches to 0.03 inches. 

For d 10" square viewing screen, with a 1024 x 1024 raster, 

the beam diameter will be larger than the raster interval. 

This means the minimum screen size would have to be more than 

10" x 10". The maximum console size is limited by the hard-

ware technology and the operatoros"arm reach" consideration 

2.4.3 Evaluation of character generation techniques 

Several factors such as character writing rates, "beam 

utilization time", deflection or video bandwidth requirements, 

repertoire-changeability, complexity of the characters, cost 

and reliability must be considered in choosing a character 

generating technique for the design of a new character 

generator. The maximum character writing time (t) for a 

character can be determined by the equation: 

t = 1/(f.n) 

where f is the critical fusion frequency and n is the number 

of characters to be displayed. 

To display 1,500 characters, with a phosphor of critical 

fusion frequency of 30 Hz, the maximum character writing time 

is 22 usec. per character, without taking the positioning 

time into consideration. As the cost of the cathode ray tube 
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increases with the increase in deflection bandwidth require-

ments, it is therefore important in this particular application, 

to choose a character generation method, which has the best 

"beam utilization time". The "beam utilization time" is 

defined as the percentage of writing time during which the 

electron beam is turned on. 

The beam shaping tube offers a high beam utilization 

time and has a higher resolution than that obtained by any 

other method. However, it has many other drawbacks such as 

high cost and poor repertoire-changeability. 

For other generation techniques, the maximum character 

writing rate depends upon the number of strokes required to 

draw the character and the clock frequency used. The maximum 

useable clock frequency is in turn determined by the deflection 

bandwidth of the cathode ray tube. A character generator 

which scans through a fixed format will require a longer time 

to draw a character than one which dictates the beam to draw 

the required character as a pencil. The raster scan technique 

has poor beam utilization time, because it has to interrogate 

all possible matrix locations. 

Character generators using the Fourier technique are 

complex in circuit design and hence more expensive than 

programmed dot or stroke methods. 

The most efficient way of writing a character, besides 

the beam shaping technique, is to use the beam as a pencil. 
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This can be done either by an "analog stroke" or"digital 

stroke" technique. Two fundamental problems are associated 

with the analog technique. One is to maintain the uniform 

intensity and line quality for various lengths of lines, and 

the other is to achieve accuracy in plotting. The analog 

technique offers no distinct speed advantage over the digital 

method in drawing small characters. Also, digital techniques 

enable specialized computing capabilities to be added and 

performed by the display system, which otherwise would have 

to be programmed into the computer. Because of the reasons 

mentioned above, a "digital stroke" method was therefore 

proposed. 

This programmed dot digital stroke method is suitable 

to display characters on most of the different types of 

cathode ray tubes mentioned previously. The final choice of 

the cathode ray tube will be a compromise between screen size, 

resolution, deflection bandwidth requirement, and cost. 



3. DIGITAL STROKE PROGRAMMED DOT 
CHARACTER GENERATORS 

3.1 Programmed Dot Techniques 

As discussed in Chapter 2, a study of the various char-

acter generating techniques has indicated that programmed dot 

techniques will be the best suited for the depth-sounding 

selection application. There are two basic methods within 

this technique. 

1. Beam Pencil Method. 

2. Fixed Pattern Method. 

(1) Beam Pencil Method (Variable Format Dot Generator) 

The basic concept of this system is shown in Figure 

3.1. The position decoder positions the character at the 

proper X and Y locations on the tube face of the cathode 

ray tube. The required symbol to be displayed is selected 

by the input decoder. It is then drawn automatically by the 

.̀1A, Y decoding logic which programmes the electron beam 

from one dot position to another in a manner dictated by the 

particular symbol selection. 

(2) Fixed Pattern Method (Fixed Format Dot Generator) 

A variation of the above approach is shown in Figure 3.2. 
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In this method, only one set of X and Y logic decoders is 

used. The beam follows a fixed pattern for all characters. 

e required symbol, selected by the decoding circuit, is 

formed by intensifying the beam for the desired segments of 

the fixed pattern. 

In both methods, the beam is intensified when it reaches 

the programmed dot. Alternatively, the beam can be left on 

during its excursions from one dot to another so that the 

characters have the appearance of being drawn with continuous 

lines. 

3.2 Comparative Evaluation 

The main advantage of the Beam Pencil method is its 

superior writing speed. The disadvantage is the higher cost, 

since each individual symbol requires separate X and Y 

decoding logic circuitry. The disadvantage of the Fixed 

Pattern method is its slow writing rate and poor beam utiliza-

tion time. The beam utilization time depends on the complexity 

0 the fixed pattern used and the symbols to be generated. 

The only advantage is that it is cheaper to build than the 

Beam Pencil type. 

The simplest fixed pattern which could be used to 

generate all numeric numbers by intensifying the required 

segments of the figure is Fixed Pattern 8. Starting from the 

bottom left hand corner, 8 could be drawn with eight strokes 
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as shown in Figure 3.3. 

5 

6 

FIG. -3,3 FIXED PATTERN 0. 46% 

For example, E]can be drawn by intensifying strokes 

2, 3, 4, 5, 6 and 8; and H by 2, 4, 5 and 8 as shown in 
Figure 3.4. 
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8 

By not completing the Fixed Pattern 8 whenever 

possible, some writing time can be saved; for example, only 

six strokes are required to draw the character 0, and two 
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strokes for the symbol 1. Thus the average number of strokes 

required to draw the above characters with Fixed Pattern 8 

is 6.9, whereas using the Beam Pencil method for the same 

characters would require only 5.7 strokes. Therefore, the 

average time required for each symbol using the Beam Pencil 

method is only 83% of the Fixed Pattern method. For example, 

using a 1 MHz clock frequency, and a 3 x 5 matrix, the time 

required to draw a given symbol is 141Lsec., for the Fixed 

Pattern method, and 12 /usec for the Beam Pencil method. 

However, the main limitation of the figure 8 pattern is the 

fact that it is practically impossible to change or to add 

any new symbol without major modifications. This is a con-

siderable drawback in the present application, since new 

symbols would probably be required as the system developed. 

If the Fixed Pattern method is to have provision for 

future expansion such as additional alphabetic characters, and 

if one is willing to accept characters which are readable yet 

not as aesthetically pleasing as those that can be achieved 

by the Beam Pencil method, then the number of strokes can be 

increased to a fixed pattern such as X This fixed pattern 

is known as a Starburst5. There are approximately 55 symbols 

which can be generated from the Starburst by intensifying the 

desired segments as shown in Figure 3.5(b). There are many 

ways of drawing the Starburst. Starting from the bottom left 

hand corner, and tracing the most commonly used strokes first, 
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the optimum number of strokes for the Starburst is 19 as shown 

in Figure 3.5(a). Using the Starburst, the average number of 

strokes required to draw a symbol is 13.4 as compared to 8.7 

using the Beam Pencil method for the same symbol. The Beam 

Pencil method writing time for a symbol is therefore only 

54% of that for the Starburst method. Using a 1 MHz clock, 

and a minimum matrix of 5 x 5, the average writing time for 

each character is 27 lasec for the Starburst and 17.5 p.sec 

for the Beam Pencil. If a 9 x 9 matrix is chosen, the time 

required would be doubled. Of course, the writing rate can 

be increased by increasing the clock frequency. However, a 

higher clock frequency would demand a more expensive type of 

cathode ray tube, as the requirement of the deflection-bandwidth 

greatly increases. This will offset any cost advantage the 

Starburst may have over the Beam Pencil method. 

Since for depth sounding selection, the symbols of 

interest are mainly numeric, with only a few other symbols, 

the cost advantage of the Starburst over the Beam Pencil is 

not appreciable. In fact the initial cost of wiring the 

Starburst method for generating only one character is higher 

than that of the Beam Pencil method, because the Starburst 

would require many more stages in the "ring counter" 

(described in section 3.3.1). Due to its poor beam utilization 

time, the number of characters that can be displayed flicker 

free for a given cathode ray tube would be much lower than 
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those produced by the variable format dot method. However, 

this method could be very well suited for a direct storage 

tube type of display. 

Prototypes of both methods of character generation have 

been designed, constructed and tested. 

3.3 Character Generating Logic Design 

3.3.1 Beam pencil method 

The basic proposed system is as shown in Figure 3.6. 

In this system, the character decoder is used to select the 

required character with a single request from the computer. 

Two 10-bit digital to analog converters are used to position 

the beam on the face of the cathode ray tube prior to writing 

a symbol. Pre-wired logic circuits are used to store the 

necessary information for drawing the character. Once the 

required character is selected by the decoder, two seperate 

sequences of pulses are applied to the up/down counters. 

For a numeric display only, starting from the bottom left 

hand corner, 'the maximum number of strokes required to draw 

the character is eight. Therefore the sequence for this 

system consists of a maximum of nine pulses equally spaced 

in time, and each can be used either to increase or decrease 

the contents of the up/down counters. . This pulse sequence is 

also used to turn on. and off the beam of the cathode ray tube. 

The last pulse is used to signal to the computer that it is 
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the end of that character and that it may initiate writing 

the next character. This pulse sequence can be obtained from 

a 9 stage ring counter. The contents of the up/down counters 

are fed to the digital to analog converters, the outputs of 

which are then applied to the cathode ray tube deflection 

amplifiers. Thus the electron beam of the cathode ray tube 

is deflected +n units along either X or Y direction or both 

simultaneously. The dividing circuit controls the number of 

dots (n) per stroke and thus controls the size of the 

character displayed. 

The dividing circuit also reduces the number of stages 

of ring counter that otherwise would be required. 

Eight possible vectors can be drawn as shown in 

Figure 3.7. 

-FAYTLIX +LY +AY ,+A X 

-Lx +LX 

MrLY +AXT.LY 

FIG.-3.7 EIGHT POSSIBLE VECTORSGENERATED 
BY THE X AND Y UP/DOWN COUNTERS. 
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Using a nine stage ring counter, any figure of up to 

eight strokes can be drawn with the vector combination 

indicated in Figure 3.7. More complex figures which require 

more than eight strokes could be drawn by adding more stages 

to the ring counter. This system is very flexible as any new 

symbol can easily be added by providing more logic circuitry. 

The complete logic design of the Digital Stroke Numeric 

Character Generator is shown in the schematic diagram of 

Figure 3.8. 

Two steps are required to draw the selected character. 

The first step is to position the beam on the face of the 

cathode ray tube, and the second step is the formation of the 

character by the 6,X and ,6,Y. decoding logic. The operation of 

this system is relatively straight forward, and will be best 

illustrated and explained by taking a specific eXample. 

Suppose that the character "4" is to be displayed on the cathode 

ray tube screen at a certain location X1,Y1. The X Buffer 

Register and the Y Buffer Register will first be loaded with 

Xi and Y1, respectively, from the computer. The outputs of 

the X and Y Buffer Registers are then fed to a pair of 10 bit 

Digital to Analog (D/A) Converters, (top right corner of 

Figure 3.8). The outputs from the D/A Converters establishes 

the Xi, Y1 location (sub-origin) of the required character 4. 

The Character Buffer is then loaded with a binary code of 4 

(0100). The Decoder shown is essentially a "many to one" 
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function table. There is a unique output for each of the 

16 possible binary codes (assuming 4 bit Character Buffer). 

For a binary code of 4 (0100), the 4 output of the Decoder 

will be unique as shown in Figure 3.8. This 4 output line 

is used to precondition one of the two input gates of G1 to 

G7, as shown in Figure 3.8. The other inputs of the NAND 

gates G1 to G7 are pre-wired to the outputs of the Ring 

Counter. Starting from the sub-origin X1, Y1, six strokes 

are required to draw the character 4 as shown in Figure 

3.9(a). The size of the character is determined by the number 

of dots per stroke which is in turn selected by the Dots/ 

Stroke Selecting Circuit. Referring to the Dots/Stroke 

Selecting Circuit shown, a one bit binary register can be 

used to select one of the two sizes of the character by 

conditioning the appropriate gates either NAND1 or NAND2. Due 

to beam setting time when positioned to Xi, Y1, a delay must 

be introduced to the computer control pulse that enables the 

clock. The amount of delay required will be determined by the 

type of cathode ray tube chosen. 

The basic waveforms required to generate the character 

4 with a size of four dots/stroke are shown in Figure 3.9(b). 

For the Ring Counter, the flip-flops are coupled in such a 

way that with each successive pulse input from the Dots/Stroke 

Selecting Circuits, the "1" state moves to the succeeding flip-

flop as shown in the waveforms. The first stage of the Ring 
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Counter, which is pre-wired to the gate Gl, is used to con-

dition the X up count. When the first stage of the Ring 

Counter is "1" (as the other inputs of G1 to G7 are being 

pre-conditioned by the 4 line of the decoder) the gate G1 will 

be enabled and its output will condition the X Up/Down counter 

to count up. In the meantime, the counting pulse from the 

clock will enable the X Up/Down counter to count up 4 units. 

Similarly, the second and third Ring Counter stages condition 

-the Y up count, the fourth and sixth stage the Y down count, 

and the fifth stage the X down count as indicated by the 

waveforms (Figure 3.9(b)). Thus the outputs of the Ring 

Counter control the strokes of the character, and the Dots/ 

Stroke Selecting Circuits determine the number of dots per 

stroke. The contents of the X and Y Up/Down counters are 

then fed to the X and Y Digital to Analog (D/A) Converters, 

whose outputs are also shown in Figure 3.9(b). The end of 

character pulse is used as a control pulse, to disable the 

clock, reset the Ring Counter and Up/Down counters, and signal 

to'the computer that the required character has been completed. 

In order to reduce the size of the character by one-

half, a divide by two circuit would be selected instead of 

the divide by four circuit. With this arrangement every 

stroke controlled by the Ring Counter would condition the X 

and Y Up/Down counter to count +2 instead of +4. This is the 

minimum resolvable size for a 5 x 3 dot matrix where the 
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vertical and horizontal dimensions are 5 and 3, respectively. 

The pulse sequence from the Ring Counter is also used 

to unblank the beam on the face of the cathode ray tube. This 

is achieved by a NOR and NAND circuit configuration. For 

example, the beam is only turned on for strokes 2, 3, 5 and 6 

for the character 4. The complement sides of the Ring Counter 

stages 2, 3, 5 and 6 are pre-wired to a NOR gate as shown in 

Figure 3.10(a).When the NAND gate is conditioned by Decoder 

FROM DECODER 
4•

FROM 
RING 
COUNTER 

R2 
R3 

R5 
R6 

NOR 
4\JAND 

(a) 
FIG.-3.10 UNBLANKING LOGIC CIRCUIT 

FOR CHARACTER 4. 

line 4, strokes 2, 3, 5 and 6 will be beamed on, and the 

character will be drawn as shown in Figure 3.10(b). 

x,y 

FIG.-3.10 ( b) 'CHARACTER 4 USING 9X5 DOT ARRAY. 
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Other numerals from 0 to 9 can be generated using the 

logic circuits shown in Figure 3.8. 

The logic circuit shown in Figure 3.8 can be modified 

to incorporate a pair of 10 bit Up/Down counters instead of 

the 4 bit Up/Down counters as shown. These Up/Down Counters 

have dual functions. That is they are X and Y position 

Buffer Registers as well as Up/Down Counters. The operations 

of this system will be the same as those described above, 

except that a pair of 10 bit D/A Converters will be used, 

instead of a pair of 10 bit and a pair of 4 bit D/A Converters' 

as shown in Figure 3.8. 

When interfacing this character generator to a computer, 

care must be taken to minimize the overall drawing time. Some 

time can be saved by loading the new co-ordinates for the 

next character into the X and Y Buffer Registers while the 

character generator is drawing the previous character. This 

seems imposSible, as the contents of the Buffer Registers are 

required to hold the beam at the required location. However, 

this difficulty can be overcome by using two Buffer Registers 

instead of one as shown in Figure 3.10(c). 
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  X Y-41 
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While the character generator is drawing a character, 

the new co-ordinates of the next selected character will be 

loaded into the X and Y Buffer Registers. At the -end of the 

drawing, the end of the character control pulse, would 

enable the contents of Buffer Registers 1 to be jammed into 

Buffer Registers 2, and to indicate to the computer that 

it can load the next character into the Character Buffer 

3.3.2 Fixed pattern character generators 

The basic proposed Fixed Format method shown in Figure 

3.11 is almost identical with the Beam Pencil method except 

that a fixed pattern is generated irrespective of the charac-

ter selected. All characters are stored in the form of un-

blanking signals, and are generated by unblanking the required 

segments. NOR gates which are pre-wired to the Ring Counter, 

dictate the segments to be turned on after the Decoder circuit 

selects the required character. 

(a) Figure 8 Pattern 

The logic used to generate the Fixed Pattern 8 is 

shown in Figure 3.12(a). The loading of the X, Y co-ordinates 

into the X, Y Buffer Registers is identical to that described 

in the Beam Pencil method. The binary code of the required 
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character is then loaded into a 4 bit Character Buffer 

Register. When the clock is enabled, the Dots/Stroke 

Selecting Circuits will select the required character size. 

The first stage, second stage and seventh stage of the 

Ring Counter will enable the gate NOR1 to condition the Y 

Up/Down Counter to count up. The fourth and fifth stage 

condition the Y down count, the third and eighth stage the 

X up count, and the sixth stage the X down count as shown 

in the waveforms of Figure 3.13(b). Thus, a pattern 8 is 

generated as shown in Figure 3.12(a). 

The selected character will be drawn by unblanking 

the required segments with the NOR-NAND circuits configura-

tion described previously. The circuits required to 

craw numerals 0 to 9 are shown in Figure 3.12(b). Some 

character writing time can be saved by not completing 

the Fixed Pattern 8 whenever possible, as shown in 

character 1, 0 or 7 unblanking circuits. The end of 

character pulses have the same functions as those des-

cribed in the Beam Pencil method. Many of the remarks 

mentioned above also apply to this method. 

(b) Starburst Pattern 

The Starburst pattern can. be drawn by the logic shown 
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in Figure 3,14(a). The waveforms required to generate 

the Starburst pattern are shown in Figure 3.15. The 

operation of the logic system is identical to that of 

the Fixed Pattern 8 method except that a twenty stage Ring 

Counter is used instead of a nine stage. The diagonal 

strokes such as 9, 10, 15 and 16 are achieved by "adding" 

and "subtracting" both the X and Y Up/Down Counters simul-

taneously in the appropriate directions. 

About fifty-five characters (refer to Figure 3.5) 

could be generated by unblanking only the required segments. 

The logic circuits used to generate 0   9 are 

shown in Figure 3.14(b). 

3.4 Design of the Experimental Character Generator 
and Experimental Results 

3.4.1 Circuit components 

To test the "feasibility" of the logic design, it was 

decided to build prototype character generators using both 

Beam Pencil and Fixed Pattern methods. The logic modules 

chosen were Flip-Chip Modules R series manufactured by the 
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Digital Equipment Corporation
25 
. 

The Flip-Chip R series are rated for use up to 2 

megahertz. The types used were: 

1. Type Rill Expandable NAND/NOR gate 

2. Type 8151 Binary to Octal Decoder 

3. Type 8201 and 202 Flip-Flop with DCD gates 

4. Type 8401 Variable Clock 

5. Type A601 and 604 D/A Converters 

The characteristics of the above R series modules are given 

in the Logic Handbook25. 

(1) The Clock 

The type 8401 Variable Clock is a gateable clock that 

produces standard 100 nanosecond pulses from a stable R-C 

coupled oscillator. The frequency of the clock is variable 

from 30 Hz to 2 MHz. This clock frequency controls the 

character writing rate for a given configuration. 

(2) Dots/Stroke Selecting Circuits 

The Divide Circuit is a simple binary up counter. The 

circuit shown in Figure 3.16 is a 2 bit Binary Up Counter. 

The diode-capacitor-diode gates (DCD)25 of the Flip-Flops 

are connected so that each time the DCD gates are enabled 

internally they will cause their corresponding Flip-Flop to 

complement whenever the preceeding stage switches from a "1" 
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to a "0" state. 

Referring to Figure 3.16, suppose the counter shown 

has been cleared with all the Flip-Flops reset to "0". When - 

the first clock pulse arrives at the DCD gates of Flip-Flop 1 

it will be complemented and set to a "1". The "1" output of 

Flip-Flop 1 will enable the DCD gates of Flip-Flop 2 as the 

level change is negative going. The second clock pulse causes 

Flip-Flop 1 to return from state "1" to state 10", thus Flip-

Flop 2 makes a "0" to "1" transistion. Therefore, Flip-Flop 

1 effectively divides the clock frequency by 2 and Flip-Flop .2 

divides the clock frequency by 4. More Flip-Flops could be 

added to the counter if division by 8, 16 were required. The 

-outputs of the Divide Circuit are connected to the NAND gateS 

as shown in Figure 3.16. The character size can be selected 

by enabling one of the two NAND gates as required. 

(3) The Ring Counter 

The sequential pulses required for conditioning the 

Up/Down Counters to draw a character can be generated in many 

ways. However, a Ring Counter was chosen for its flexibility 

and simplicity in design. Besides, it has two complimentary 

outputs, and eliminates inverters that would otherwise be 

required. 

A Ring Counter is essentially a shift register except 

that the output of the last Flip-Flop is coupled back to the 
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first stage, as if the first Flip-Flop were the next bit in 

the sequence. The Flip-Flops are coupled in such a way that 

with each successive pulse input, the "1" state moves to the 

following Flip-Flop. 

A nine stage Ring Counter is shown in Figure 3.17. 

Assume that the first stage of the counter (FF1) is initially 

set to "1" and FF2 - FF9 are reset to "0". The 0 output of 

FF1 is ground and is applying an enabling level input to the 

input DCD gate of FF2. The level signal at the 0 input DCD 

gate of FF2 is -3V and this prevents that gate from being 

enabled. With the addition of a single pulse, FF1 is comp-

lemented to state "0" and FF2 changes to state "1". This 

procedure continues for each successive pulse. 

(4) Up/Down Counter 

The Binary Up Counter described as a Divide Circuit 

can be converted to a Binary Down Counter by a simple wiring 

change If the pulse input terminals of the DCD gates were 

driven from the 0 side of the preceeding Flip-Flop, instead 

of the 1 side, the Counter would count down. Using Flip-Flop 

type R201, the Binary Up Counter and Binary Down Counter can 

be combined into a single Up/Down counter as shown in Figure 

3.18. The direction of the Up/Down counter is controlled by 

the outputs of the Ring Counter. Hence the character is 

essentially drawn by strokes with the number of dots per stroke 
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determined by the Divide Circuit selected. The selection is 

carried out by enabling the NAND gates. Therefore, the 

character size can be changed either manually or by software. 

(5) Binary Decoder 

Various techniques have been developed to decode a 

binary number. A four bit binary number can be decoded into 

its sixteen permutations by using 16 four-input NAND gates. 

However, a simpler and more economical decoder can be devised 

by using the Binary to Octal Converter R151 modules. This 

module produces eight exclusive outputs with three flip-flop 

inputs. The truth table for a 8151 Binary to Octal Decoder 

is shown in Figure 3.19. 

H J 

INPUTS 

E' L' L X 

OUTPUTS 

22 21 20 0 1 2 3 4 5 6 7 

0 1 0 1 0 1 0 1 1 1 1 1 1 1 
0 1 0 1 1 0 1 0 1 1 1 1 1 1 
0 1 1 0 0 1 1 1 0 1 1 1 1 1 
0 1 1 0 1 0 1 1 1 0 1 1 1 1 
1 0 0 1 0 1 1 1 1 1 0 1 1 1 
1 0 C 1 1 0 1 1 1 1 1 0 1 1 
1 0 2 0 0 1 1 1 1 1 1 1 0 1 
1 0 1 0 1 0 1 1 1 1 1 1 1 0 

Figure 3.19 Truth Table for R151 Binary 
to Octal Decoder 

To implement sixteen permutations from a four bit flip-

flop, the four bit binary number can be divided into two groups 
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of three bits and 1 bit. The least significant three bits 

may be considered as one octal digit. Two permutations can 

be obtained from the most significant bit. For each of the 

-two permutations, the least significant three bits may assume 

eight unique states for a total of 16 permutations. 

Two R151 modules are used with parallel inputs from 

the least significant three bits. Thus there are two out of 

sixteen lines at ground for each of eight, combinations of the 

least significant three bits. The most significant bit is 

used to enable one of the two Binary to Octal Decoders as 

shown in Figure 3.20. 

Digits 0 to 9 are decoded with a R151 Binary to Octal 

Decoder plus two NAND gates as shown in Figure 3.21. 

(6) Digital to Analog Converter 

The Digital to Analog Converters used are those 

recommended by DEC Logic Handbook. A 4 bit Digital to 

Analog Converter is shown in Figure 3.22. 

(7) Unblanking Circuits 

The Unblanking Circuits use the NOR-NAND Logic 

Configuration described previously. An Unblanking Circuit 

for character 4 is shown in Figure 3.23. A level converter 

is used to convert the DEC logic output (-3V to OV) to +30V 

to OV. The level converter circuit is also shown in Figure 

3.22(b). 
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3.4.2 Test of the character generators 

Using the logic circuits described above, characters 

such as Starburst and numerals 0 to 9 were generated, using 

both Beam Pencil and Fixed Pattern methods, and displayed 

on a Tektronic 502 Oscilloscope. The results of the test 

are shown in Figure 3.23. 

The photograph in Figure 3.24 shows the experimental 

layout with the DEC Logic Laboratory and a Tektronic 502 

Oscilloscope. 
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4. SUMMARY AND CONCLUSION 

The purpose of this thesis was to investigate the 

feasibility of a numerical display for hydrographic 

sounding information. The terminal devices available for 

display were first investigated and it was found that within 

the present technology, the regenerative cathode ray tube 

is still the best means available. The beam spot size of the 

cathode ray tube ranges from 0.01, to 0.03. For a resolution 

of the desired one thousand lines, the minimum screen size 

of the cathode ray tube recommended is 10" x 10". 

Recent advances in Direct Storage Oscilloscopes with 

larger screen size will make their use attractive. The light 

pen may be a feasible means of communication with the computer 

using the new "write-through capability"
11
. However, the 

screen size available is still too small, and the resolution 

is poor compared with the regenerative type of scope. There 

seems no doubt that a larger screen size storage oscilloscope 

with better resolution will become available in the very near 

future. However, rapid scale changing is still practically 

impossible because of the slow character writing rate. 

The choice amongst normal cathode ray tubes is a 

trade-off between cost, resolution and bandwidth. A 23" electro-
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magnetic tube with 0.012" spot size, having superior point-

drawing ability of 0.6 ,asec. per point and full scope deflection 

time of 4.5 psec. is commercially available even though it is 

very expensive26 . Cheaper types of cathode ray tubes with 

less impressive performance and/or larger spot size are also 

commercially available. 

Numerals can be generated in many ways, and because the 

cost of the cathode ray tube increases with the increase of 

the bandwidth of the deflection systems, it is therefore 

important to choose a method of character generation with 

high "beam utilization" efficiency. The method chosen must 

also be flexible for future expansion. 

The most efficient character generation techniques are 

those which use the electron beam as a pencil. This can be 

done either as a series of dots or as vectors. As the charac-

ters to be displayed are numeric in nature, it was found that 

the minimum resolvable size of 5 x 3 should be satisfactory. 

For a small size character display, the dot method is superior 

to the vector method and hence the programmed dot was chosen. 

As seen from the photograph, Figure 3.24 the experimental 

design produces quite legible characters. This confirms the 

theoretical evaluation that the minimum resolvable character 

of 5 x 3 is acceptable for all intended purposes. 

The system designed is very flexible and any new 

character or symbol can be achieved with the addition of 

another pre-wired new logic circuit. 
• 
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The Fixed Pattern character generator is cheaper to 

build than the Beam Pencil type, especially if the number of 

different characters or symbols is large. However, the slow 

writing rate of the Fixed Pattern method limits the number 

of characters that can be displayed at onetime on a given -

cathode ray tube. In choosing between the two methods, one 

must take the overall cost of the cathode ray tube and 

character generator 'into consideration. 

The phosphor P7 was recommended as it has two distinct 

persistences, one of which is most suitable for light pen 

application, and the other most suitable for the viewing 

application. 

A P7 phosphor, a 5 x 3 matrix for the character size, 

and a cathode ray tube with 1 usec. point drawing ability 

and full scale deflection time of 15Asec., would be satis-

factory for the 1500 numerical indieatiOns (500 soundings) 

proposed. However, for the final hydrographic display system, 

base map information would have to be displayed as well as 

the numerical indications. A technique for generating base 

map information has yet to be developed, and the final 

choice of the cathode ray tube must take both the character 

writing rate and the base map information into consideration. 

The position buffer register and the digital to analog 

converters constitute a large part of the overall cost of the 

character generator. As these can be time shared by the vector 



generator, the cost of the character generation itself is 

relatively low. The cost of the overall system will be 

reduced as integrated circuit technology develops. For 

example, the DEC P4-series high performance integrated 

circuit modules are now available at approximately one-half 

of the price of their discrete or hybrid counterparts
25
. 

An external buffer memory can be added to enable the 

computer to transfer display data at one go, thus freeing 

the'computer for other functions. 

The character generation method proposed, would seem 

to be the best for the specific application in mind. The 

initial proposed 500 sounding indications are within the 

present hardware technology. However, for more information 

to be displayed, character writing ratesmust be improved. 

The character writing rate limitation is not created by 

the character generating system but by its terminal device, 

the cathode ray tube. It would seem that better cathode ray 

tubes or other terminal devices must be developed before 

more sophisticated display systems can be attained. 
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