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ABSTRACT

The expanding display market provides amost unlimited options for the potential user.
This paper presents a methodology for selecting display technologies for the presentation
of telemetry data. An overview of current state-of-the-art electronic display technologiesis
presented and the general characteristics of telemetry data are derived. The requirements
for displaying the telemetry data are then considered in light of the attributes of the display
technologies and appropriate options are presented.

INTRODUCTION

A user who needs to select an electric display device to allow him to interpret and analyze
telemetry data requires an understanding of the various technologies available to him in
order to select one that is to satisfy his requirements. Since a multitude of electronic
display devices are available representing widely varying technologies, research on these
technologies can be exhaustive and time-consuming. To simplify this task, a brief
description of the current state-of-the art in electronic display technologiesis presented.
The inherent capabilities and attributes of each technology are related to their ability in
handling and presenting telemetry data. To accomplish this, certain assumptions about the
nature and application of telemetry data are stated as general requirements. These
requirements are then evaluated with respect to the technologies, and a summary is
provided that allows a user to quickly eliminate those technologies not appropriate to his
specific telemetry display requirements. This results in reducing the magnitude of the
additional time-consuming task of evaluating technology availability, reliability, and cost
factors which are outside the scope of this paper.



TELEMETRY DATA
The capability of handling and presenting telemetry datais governed by two constraints:
the nature of the dataitself and the applications for which a device is used to display the
data. The nature of the data deals with the fact that it isareal time, dynamic and available
in large quantities. These assumptions are summarized in Table 1.

TABLE 1.

ASSUMPTIONS ABOUT TELEMETRY DATA

NATURE OF DATA APPLICATION OF DATA

REAL TIME LARGE DYNAMIC GRAPHIC MULTI- HIGH
QUANITY COLOR LIGHTING

FAST UPDATE | SCREEN SIZE | UPDATE CAPABILITY | VECTOR OR CATEGORIZE | EMPHASIS

FAST TO PRESENT SELECTIVE UPDATE MULTIPLE DISCRIMIN- DATA

ADDRESSING LARGE SELECTIVE ERASURE | POINT INATE GAIN

FAST WRITING | AMOUNTS ADDRESSING | ALERT ATTEN-

SPEEDS BOTH OF DATA AT HIGH TION

POINTS AND ONE TIME RESOLUTION ALERT

VECTORS

FAST

RESPONSE

Real time means that datais available on a continuous basis for processing and display
with minimal delay from the source. This data stream often involves millions of bits of data
per second, resulting in hundreds, if not thousands, of data fact or points. To be displayed
inreal time, fast addressing and fast point, vector and character writing speeds are

required of the display device. User interaction viathe display device with this real time
datarequires quick response time. For example, if an out-of-limits condition is signaled by
the data, the user must be able to quickly isolate the problem, necessitating immediate
response to hisinquiry for additional facts.

With a data stream of thousands of data points per second representing a significantly large
guantity of data, display devices must be capable of handling such alarge volume. If
alphanumeric presentation is desired, significant amounts of data points need to be
presented at one time to alow a user to spot trends and search for specific points of
interest. For plots, charts, and other graphic presentations, the display device should be of
significant size to provide a resolution to distinguish data points and their values.

The dynamic nature of the data, in that it represents changing values, specifies that the
display device have the capacity to update its screen image. Depending on the users



desires, this update capability could vary from a complete screen image change per update,
such as happens with scrolling, to changes that involve selective erasure, such as updating
a specific fixed data field with status information.

Methods of simplifying the interpretation of large quantities of real time, dynamic
telemetry data include graphing, highlighting and the use of color. These applications
(summarized in Table 1) require that the display device provide the manipulative
capabilities to support such methods of presentation.

Depth of understanding of the data, creative interaction, and conceptual problem solving
are provided by graphic presentation of telemetry data. Graphics can isolate and identify
the exceptions and observe and emphasize the crucial. It allows the user to create and
re-evaulate predictions, limits and trends, perform comparative analysis with plot overlays,
and provide pattern-recognition to data that is often disassociated when presented in
alphanumeric tabular form.

Highlighting provides for greater depth of presentation as well as, adding interest to a
display. Information pertinent to a user can be distinguished from the background
information, titles and headers. A user can be aerted to crucial situations and emphasis
can be applied to the most important data.

Color provides a more efficient and effective communications medium between the user
and his display. Color can categorize data, discriminate areas and symbols, and provide for
alarms. The user of color can provide for functional and temporal identification of
information, spatial discrimination, clarification and easier interpretation, and increase user
attention to high-priority information.

ELECTRONIC DISPLAY TECHNOLOGIES

The present electronic display market is dominated by the various Cathode Ray Tube
(CRT) technologies. These include vector refresh (stroke writing or calligraphic), raster
scan, extruded or shaped beam (characteron), and direct view storage tube (DV ST).
Gaining much attention as replacements to CRTs are flat panel technologies. Among these
are gas-discharge (Plasma), light-emitting diode (LED) and liquid crystals( LCD). Other
flat panel technologies such as electroluminescent, electrochromic, electrophoretic and flat
CRT are being developed but presently are limited to laboratory investigation.

CATHODE RAY TUBE (CRT) TECHNOLOGIES

Theimage on aCRT isvisible as light or l[uminance that results from high-velocity
electrons striking a phosphor and causing the emission of light of some spectral



distribution determined by the composition of the phosphor. Directing the high-velocity
electrons to a specific spot on the screen containing the phosphor is accomplished by

either an electrostatic or magnetic deflection system. For vector refresh systems, arandom
magnetic deflection system is employed to write vectors on the screen. To obtain color, the
beam penetration technique is used. This technique uses 2-phosphor CRTSs, usually red and
green, that provides up to four distinguishable colors. The specifics for this technology and
all other are summarized in Table 2.

TABLE 2.

ELECTRONIC DISPLAY TECHNOLOGY SPECIFICATIONS

Max
ADDRESS | SELEC- HIGH
ABLE TIVE MULTI- LIGHT
TECHNOLOGY SPEED POINTS ERASURE GRAPHIC COLOR ING REMARKS
CRT VECTOR REFRESH Ip/em 16M YES FULL 4 ALL GRAPHIC APPLICATIONS
CRT RASTER SCAN .3us 16M YES FULL 8/MORE | ALL GENERAL
APPLICATIONS
CRT DIRECT VIEW 5us 16M NO FULL 1 DD,UL, GENERAL
RV APPLICATIONS
CRT DIRECTED BEAM 2us 6K CH YES NO 1 DD,UL, ALPHANUMERIC
BLI APPLICATIONS
PLASMA 10us 250K YES FULL 1 UL LARGER SIZES &
DATA DENSITY COMING
LED Aps 50K YES LIMITED 1 DD,UL, SIZE & LUMINANCE
BLI LIMITATIONS
LCD 100ms 100 NO LIMITED 1 UL,RV SLOW RESPONSE
LINES
ELECTROLUMINES- 1-10 8K YES LIMITED 1 UL UNAVAILABLE -
CENT ys LIMITED LIFE
ELECTROCHROMIC 200 N/A NO NO 1 NONE UNAVAILABLE -
ms SLOW RESPONSE
ELECTROPHORETIC 500 N/A NO NO 1 NONE UNAVAILABLE -
ms SLOW RESPONSE
FLAT CRT Aps 42K YES FULL 1 ALL UNAVAILABLE

Magnetic deflection is also used for raster scan. In this technology, however, the electron
beam scans the screen at a constant velocity, exciting a specific number of equally spaced
horizontal lines. All characters are composed of a matrix of picture e ements (pixel). Color
Is obtainable by use of the shadow mask technique. This method employs 3-color
phosphor dots (red, green, blue) at each pixel, and, depending on the excitation
combination of these dots, all colors are obtainable. An additional feature in the shadow
mask technique is that three electron guns are employed, one for each color dot.



The above CRTs (vector refresh and raster) are generally known as non-storage CRTSs.
This means that the phosphor image has to be excited at regular intervals to prevent loss of
luminance. Thisrefresh interval has to be frequent enough to prevent flicker. Refresh rates
of 45 times per second and up are considered sufficient in preventing noticeable flicker.
However, because of this, refresh systems are constrained as to the amount of information
that can be displayed, usually limited to 1000 lines.

Direct-view storage tube(DV ST) technology employes a two-gun system, awriting gun
that produces the high-velocity electrons that are deflected by an electrostatic deflection
system and a flood gun, which emits low-energy electrons that maintain the luminance of
the phosphor excited by the writing gun. Since the flood gun is not selective in maintaining
the luminance level, erasure of an element on the screen necessitates erasuring the entire
screen.

The extruded beam or Charactron tube is a direct-view CRT with a special character
generator matrix “stencil” employed within the tube. An electron beam emitted from the
electron gun is electrostatically deflected to the desired character on the matrix. After this
beam is passed through the selected character it has the shape of the character and is then
magnetically deflected to the desired location oh the phosphor screen. Character
presentation is then limited to those on the character matrix, general aphanumeric and
special characters, and is not considered appropriate for graphics application.

FLAT PANEL TECHNOLOGIES

Light emissions from a gas occur when electrons move from one energy level to alower
energy level. To achieverthisin its ssimplest form, a potential is applied across the gas, and
the gas fires when the potential is of the proper magnitude. For plasma panels, this
potential is supplied by either aDC or AC discharge, the difference between the two being
the manner in which the gas discharge isinitiated and maintained. The gas used in plasma
istypically neon, which produces an orange color that is characteristic of the mgority of
plasma displays.

The light-emitting diode( LED) is a solid state device, embodying a P-N junction, which is
best understood by solid-state and semiconductor theory. It will suffice here to state that
LEDs are semiconductor crystals that emit visible radiation when forward biased. While
LEDs are available in many colors, the most efficient units emit in the red region. LEDs
are compatible with integrated circuits and being a diode, has the usual current voltage
relationship found in diodes. Due to the high driving currents necessary for an LED display
requiring many elements, LEDs are not applicable to large matrix type displays.



A liquid crystal display (LCD) is a non-light-emitter; it controls the transmission or
reflection of alight that comes from a separate source. There are three technologies
involved with LCDs, DAP (Distortion of Aligned Phases), twisted nematic and dynamic
scattering. The basics involved in each LCD technology isto apply an electric field to alter
the optical transmission characteristics of aliquid crystal cell. Thisis known as changing
the birefringence of the cell, whereby the polarization of the light leaving the cell is
different from when it entered the cell. The differencesin the LCD technologiesisthe
effect produced by the crystal cells on the output light.

In the DAP technology, a color change results as a function of the applied voltage, giving a
specific color for a specified voltage, which could provide for a multicolor display.
However, thisis still in the experimenta stage due to difficulties encountered in controlling
the rotation of the molecules in the cell to achieve the desired color for the specified
voltage. In the twisted nematic technology, the light is allowed to be either blocked or
transmitted. This capability provides the option of alight on dark or dark on light display.
Because of very little bierfringence, the multicolor effect is lacking.

In the dynamic scattering technology, the cell is normally transparent. When an electric
field is applied, the molecules align in arandom fashion, resulting in a multibierfringent
condition that produces a milky-white display. The chief advantage of this LCD
technology is the large displays possible, up to 25cm x 25¢cm. However, the chief
disadvantage, as with all LCD technologies, is the slow response times, 100-500 ms.

The remaining flat panel technologies remain within the realm of research and
development. While afew developmental models have found use in special applications,
their low response times, lack of multipoint addressing for large displays, and material and
fabrication problems remain formidable. Since technological and manufacturing
breakthroughs happen unexpectedly, these remaining technologies are summarized in
Table 2 asto their specifications to be compared with current display technologies.

CONCLUSION

The capabilities of the electronic display technologies to support presentation of telemetry
datais summarized in Table 3. These capabilities are based on the general requirements
assumed for the nature of the data and its applications. If a users specific requirements
match those of the general requirements, then his evaluation of appropriate technologies
necessary for his applications is reduced to two: CRT vector refresh and CRT raster scan.
Conversdly, if ausers specific requirements are for alphanumeric presentation of small
guantities of non-real time, static data, any technology will suit his needs. While this
appears not to have reduced the magnitude of the problem of selecting an appropriate
technology, the user in this case really doesn't have any electronic display requirements. A
mechanical, hardcopy device may be more appropriate to his needs.



TABLE 3.

CAPABILITIESOF ELECTRONIC DISPLAY
TECHNOLOGIESFOR TELEMETRY APPLICATIONS

TELEMETRY DATA
NATURE APPLICATION
ELECTRONIC
'I?IIE%PI-%Q;LOGIES REAL | LARGE MULTI-
TIME | QUANTITY | DYNAMIC | GRAPHIC | COLOR HIGHLIGHTING
CRT VECTOR REFRESH YES YES YES YES YES YES
CRT RASTER SCAN YES YES YES YES YES YES
CRT DIRECT VIEW YES YES NO YES NO YES
CRT DIRECTED BEAM YES NO YES NO NO YES
PLASMA YES NO YES YES NO NO
LED YES NO YES NO NO YES
LCD NO NO NO NO NO NO
ELECTROLUMINESCENT | YES NO YES NO NO NO
ELECTROCHROMIC NO NO NO NO NO NO
ELECTROPHORETIC NO NO NO NO NO NO
FLAT CRT YES NO YES YES NO YES

For a user whose display requirements fall between the extremes stated above, the
following observations are made concerning the information in Table 3. Foremost is the
fact that while the last four technologies listed (el ectroluminescent, electrochromic,
electrophoretic and flat CRT) are currently unavailable, their capabilities for telemetry data
applications are presented should they become available in the near future. Even if this
should occur, it appears that the el ectrochromic and el ectrophoretic technol ogies are not
appropriate for telemetry data presentation. Thisis also true for liquid crystal displays
(LCDs), a currently available technology. A general conclusion that can be derived from
the remaining technologiesis that the two most limiting factors are the large quantity
aspect of the data and the use of multi-color presentations to display the data. While a user
has the prerogative to limit selection based on multi-color displays, thisis not the case with
large quantities of data. In fact, the nature of the data is based on the attributes of the
telemetry system in question. These attributes either exist or don’t, and are the main
driving components for the selection of an electronic display technology. The application
of the datais then a secondary factor in the selection process, but not necessarily an
insignificant one. When a display device within a particular technology does provide the



additional capabilities of graphic, multicolor and/or highlighting the additional cost over
the basic device can be very significant, by afactor of ten or more. However, this
evaluation, along with the specifics of a particular display devices availability and
reliability, is the challenges |eft to the reader.
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