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ABSTRACT

Severnl commercial Landset data processing systems are currently

availlable. However, most state agencies cannpt afford the price of
these systems nor the price of "low-cost" digital systems assembled
by some universities., The state agencies are therefore effectively
precluded from obtanining the in~house capability to process Landsat
data. A system is needed that can be purchased by state agencles for
approximately $20,000 and which can provide a measure of automation
to the processing of Landsat data.

Alabama and Tennessee both have natural resource information
retrieval systems to which Landsat digital data input capability
could be added. An automdated low-cost Landsat processing system was
designed for the two states to permit this capability. As a first
step, a list was complled of available commercinl equipment components
that could be included in the final system design. Altemnative eaquip-
ment as well as alternative technologies were investipated to determine
cost-reductlion options that would lower the cost of an automated system.
For example, inexpensive disk drlves can be substituted for tape drives
in the designed systen.

Although the prototype system excreds the original cost goal of
$20,000, the system was designed such that a state with some existing
equipment or a state which can use less than optimum products can have
some Landsat processing capability for $20,000. Elimination of the
color display selected for the base system would achileve the original
cest objective but would significantly degrade performance. The sys-
tem may also be upgraded to the point that faster and, therefore,
larger-scale processing of Landsat data could be achieyed.

Alternative systems are defined based on a single minicomputer;
the peripherals can vary depending on the capability empﬁasized in a
particular system. In thils manner, it is possible to take into
account the existing computer equipment/facilities that each state
has or has access to. In addition, the annual operating costs for
the specified system(s) are estimated, taking into aceount the differ-

ences in facilities and personnel which may be available to each state.
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Whyle nuinerous software packages have been developed to process
Landsat Jdata, not all of these perform satisfactorily on a minicemputer
installation, Therefore, it was necessary to select a software package
which is not only capable of performing standard Landsat data process-
Ing functions but which is also compatible with the hardware system(s)
specified. The software routines selected also meet the objectives
expressed by Alabama and Tennessce officials for effectively interfacing
with thedlr natural resource information systems.

In summary, this paper details a minicomputer-based system capable
of automated processing of Landsat data. The system is well within the
budget of many state, regional and local agencies that previously could
not afford digital processing capability. Furtliermore, as needs for
Landsat-derived informatilon grow, the system can be expanded to meet

these inereased demands.

Conclusions and Reecommendations

Results of this project indicate that it is possible to construct 4
low-cost digital Landsat processing system which utilizes existing,
available software. Furthermore, the system can be adapted to meet the
needs for more extensive processing tasks with additional hardware.

This project has taken the design of a low-cost system as far as
it can go on paper. All of the tradeoffs necessary to salect the
specific items of equipment have been performed. What vemains is the
actual demonstration of such a system.

Therefore, it is recommended that the low-cost Landsat processing
systam described here be assembled and demonstrated to NASA and to the
cooperating states. The demonstration effort would have at least two
very significant benefits. TFirst, the system as desecribed would be
proven workable. In addition to the practical utility of having a
proven, working system to recommend, however, the demonstration system
itself could be put to good use. It could, for example, be used for
training purposes in a remote sensing laboratory or it could be mounted
in a mobile van to serve as an on-site demenstration and analysis tool

for Landsat technology transfer.
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INTRODUCTION

Several commercial Landsat data processing systems are currently
available. The price of these systems typically is in the $400,000 -
$1,000,000 range. Even the "low-cost" systems assembled by some
universities cost $75,000-$100,000 or more. Most state agencies can-
not afford these prices for automated Landsat data analysis systems.
Therefore, they are effectively precluded from obtaining the in-house
capability to process Landsat data.

A previous study for NASA/MSFC*, however, ralsed the possibility
that an automated Landsat data analysis system could be assembled for
a cost of $22,000 - $45,000. Even these figures often prove to be too
high for many state apencies., What is needed is a very low-cost system
(i.e., approximately $20,000) that can be purchased by state agencies
and which will provide a measure of automation to the processing of
Landsat data. It is the intent of this project to define such a

system,

Purpose, Scope, Objectives

The purpose of this project 1s to design a system based upon the
requirements of the states of Alabama and Tennessee, The scope of the
project includes the design of an automated low-cost Landsat processing
system which could be purchased by these states, Other agencies might
need design changes to fit their individual needs. Specific objectives
of the project include:

- investipgation of commercial equipment available to

complete a stand-alone digital Landsat data analysis system;
-~ investigation of cost-reduction options which would

lower the total cost of a Landsat data analysis system;

*_ . '
Low-Cost Earth Resources Data Analysis System, by N. L, Faust and
G. W. Spann, Prepared under NASA/MSFC Contract #NAS8B-32397,
August, 1978, CR #150838.




-~ investigation of the technical requirements necessary
to have the Landsat processing system outputs feed
directly into the information systems of the two states;
- production of a block diagram defining a low-cost
Landsat digital analysis system and discussion
of the various alternatives available;
~ production of a set of specifications for
each component of the system;
- specification of software alternatives; and

- estimation of annual operating costs.

Coordination with State Agenciles

In order to accommodate the needs of the states of Alabama and
Tennessee for Landsat digital processing capabilities, liaison was
established with the appropriate agencies in each state: the
Alabama Developmenc Office (ADD), Montpomery, Alabama, and the
Tennessee State Planning Office (TSPO), Nashville, Tennessee. In
addition, liaison was established with the universities assisting
these state agencies: in Alabama, Auburn University, and in

Tennessee, the University of Tennessee Space Institute.

Report Organilzation

Section 2 of this report presents the design of a low~cost
Landsat analysis system and discusses possible alternatives and
options for Alabama and Tennessee. Section 3 describes the available
software wnich is capable of performing Landsat data processing func-
tions and which is compatible with the hardware system specified. A
brief summary of the project is presented in Section 4. Appendix A
provides specifications on the components of the designed system.
Appendix B describes the natural resocurce systems and existing

equipment in Alabama and Tennessee,
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S5YSTEM DESIGN

Investigation of Available Commercial Equipment

The basic components of a workable small-scale Landsat analysis

system are:

CPU and memory;
Disk {dual);
Magnetic tape (dual);

Console and interface;

L)

Cutput deviece; and

Interactive display.
Fipure 1 shows a block diagram of such a system,

As a result of a previous MSFC contract, some of the commercial
equipment components that could be candidates for a low-cost lLandsat
digital analysis system were already known. However, the minicomputer
market in particular has been changing rapidly with new systems being
Introduced almost dailly. Therefore, a first step in this project was
to compile & new list of available equipment that might be included
in the final system design.

Letters were sent to computer equipment companies requesting
brochures, price lists, and technical information. Requests were made
for Information on minicomputers and various peripherals. Afcer compil-
ing this updated list of available commercial equipment, an extensive
trade-off analysis was undertaken to select the alternative components
suitable for inclusion in the final system design.

The primary criteria considered in the trade-off analysis were:

- cost;

~ technical performance; and

~ pff-tha-shelf availabiliry.

The cost of any compeonent selected was important because a low-cost
system was the primary objective of the project. Cost was not the only
criterion§ any component propesed for the system had to meet rigid tech-

nical requirements concerning performance with the host minicomputer.

e
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Only those peripherals which met the mininum technieal requirements
were considered for inclusion in the systom.

Finally, the components selected had to be readily available
(1.e., off~-the~shelf) and have existing, availlable interfaces for a
Data General Nova minicomputer. This requirement was necessary to
insure that equipment were not selected which required custom design
of an interface or for which availability was unsure.

In the above trade~off analysis, several different brands of
each type of peripheral were considered. For example, color displays
manufactured by Grinnell Systems, Chromatics, Lexidata, Advanced
Electronic Design, and Ramtek were investigated. Cartridge tape sys-
tems manufactured by 3-M, Mohawk Data Sciences, Techtran Industries,
Raymond Engineering, and Data Electronies, Inc., were also consildered.
Finally, disk drives from A.lvanced Electronic Design, Shugart, and
Pertec were evaluated.

In the final analysis, it was decided, for the sake of simplicity
in procurement and interfacing, to speclfy as much equipment manufac-
tured by Data General as possible with consideration for the cost and
technical performance of each component., Thus, there were some other
peripherals that might have performed adequately in the system but which

ware not selected.

Investigation of Cost Reduction Options

Using the list of currently available products that met the three
criteria specified above, alternative equipment as well as alternative
technologies were investigated to determine cost reduction options that
would lower the cost of an automated system below that estimated in the
previous study. For example, cartridge tape drives were selected for
use in the prototype system since Landsat data for subscene areas may
be transferred to a cartridge by using a cartridge system interfaced .
at a central computing center and because the cartridge systems are
reasonable in price. The potential storage for some of the systems
currently on the market exceeds that needed for a whole Landsat scene.

Floppy disk systems were selected, again not only because of their



reasonable price, but also because they have proven to be very reliable
in miero~minice¥nuter applications.

The interactive color display is an integral part of a Landsat
system., It is used for the location and analysis of sample training
fields for maximum likelihovod classificafion. The number of grey shades
allotted to each of the three color guns determines the color resolution
of the system, the refresh memory requirements, and utlimately the cost
of the system.

New services and equipment which are reasonably expected to be
available in the near future were also copnsidered, e.g., direct trans-
mission of data via a common carrier, commercial availability of fraec~
tional scene Landsat data on disks, and the possible use of video tape
recorders to achieve a limited measure of automation in viewing the
Landsat data.

While all of the above options were considered, the only "new"
technology which was found to be available today and also compatible
with the cost constraints imposed by the low~cost criterion was the
cartridge tape system. Availability of these systems is relatively
recent, and use of cartridge tape systems does lower the overall cost
of the proposed system. Thus, the cartridge tape drives were

recommended as part of the prototype low-cost system.

Definition of Protctype System

Using the above trade-off criteria and giving due consideration
to the new technolegy now avallable or likely to be available in the
near future, the components of a prototype system were selected, This
system is shown in Table 1. Technlcal specifications of the components
are given in Appendix A.

As mentioned previously, other peripherals were found which had
the same (or greater) technical qualifications for inclusion in the
system. However, when all criterila were considered, the prototype
system specified in Table 1 was found to satisfy the most constraints.
It is completely feasible to select other components for inclusion in
this system, but additional systems engineering and trade-off analyses

would be required.

e e
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Table 1. Prototype System Design

1)

2)

3)

4)

5)

6)

7

Com jonent

CPU

Disk

Tapes

Console and

Printer

C.g0ly
Laterface

Color Display

Operating
System

Model

Data General Nova 3/12.v/32kv

Data General Dual Floppy Disk
1/2 mbyte capacity

Qantex 650 (1600 BPI - 2,88
mbyte - 4 track - dual drive)
with Data Ceneral Interface

Data General Console and
Printer (Dasher)

Lexidata System 3400

Data General DOS and
Fortran IV

Approximate
Cost

§ 5100

3900

~ 4000

1650

800

10,000-14 ,000

$28,000-32,000

*
Other Nova computers with similar or greater capabilities may be

substituted for the Nova 3/12,

may offer advantages to some users.

In particular, the Nova 4 series




The prototype system conslsts of a Data General Nova 3/12
minicomputer with 32 kilo words of core memory, a Data General Dual
Floppy Disk with a storage capacity of 0.5 ?egabytes. and a Data General
Dasher Console and Printer. A Qantex 650 mignetic tape drive with
Data General interface was chosen for input and output of Landsat data.
The Qantex 650 is a 1600 bit per inch, 4 track dual tape drive with
2,88 mepabytes of storage capacity.

The color display chosen for the low-cost Landsat data processing
system 15 the Lexidata System 3400. The configuration selected includes
a 256x256 pixel display with a minimum of 6 bits of Iinformation per
pixel. (This is equivalent to a 64 color display.) The purchaser
should speecilfy a direct memory access to the host minicomputer - in
this case a Data General Nova 3/12, The cursor option and zoom option
are highly recommended as they will improve the accuracy of training
field selection., A Data General Disk Operating System and Fortran IV
compller for the Nova 3/12 are supplied at no extra cost when the Data
General Disk is utilized.

The low-cost Landsat data processing sysem as defined above is
probably the minimum system that would prove satisfactory to any serious
Landsat data user. It is possible to 1imit the system costs to approx-
imately $20,000 by the elimination of the color display. However, this
would adversely affect the utility of the system for operational Landsat
data analyses, particularly the selection of training fields and the
rapld evaluation of processing results, Consequently, it is recommended
that the color display be included in any system purchased.

The prototype low-cost Landsat data processing system hardware
defined in Table 1 is entirely capable of carrying out all standard
Landsat processing algorithms when equipped with software such as that
deseribed in Section 3. Tt will perform, for example, supervised (maxi-
mum likelihood) and unsupervised classificaticus, training field selec-
tions, coordinate transformations, and rectification/resampling of Land-
sat data. Additional details of these capabilities as well as the cap-
ibilities for geographic data base creation using Landsat data are given
in Section 3.
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The major limitation of the prototype systeom is the time that it
takes to process Landsat data. For example, a whole Landsat scene
classified into 60 classes would take about 20 dmys of continuous
processing to analyze completeiy. It is unlikely that many state
agencies would be interested in processing whole Landsat scenes into
60 different classes so this time factor may not be important. low-
ever, 1f processing needs of this magnitude are a serious problem,
the additional items of relatively inexpensive equipment which can be
casily added to the basic system will largely overcome this handicap.
(No additional processing capabilities are added, but all processing
will take less time.)

Addition of a hardware multiply/divide unit and a hardware
floating point prncessor to the Nova 3/12 would speed up the processing
rate by a factor of 10 to 15. This would allow, for example, more
rapid analysis of selected areas and/or more extensive geographic areas
{e.g., one or more Landsat scenes) to be processed much more frequently
than with the base system. The cost foar a hardware multiply/divide
unit for the Nova is approximately $2000 and a havdware floating poiut
unit is about $6000.

The exact advantages that the enhanced systems would have for
Alabama and Tennessee (or other states) would depend on the types and
quantity of analyses anticipated. Gince Alabama equals the equivalent
of four Landsat scenes and Tennessee equals the equivalent of three
Landsat scenes in Jand area, the time savings could be significant for
processing major fractions of the state on a regular basis. On the
other hand, if only limited areas are to be processed, or large-scale
processing is infrequent, the prototype systew should prove to be

adequate,

Requirements for Inmput to State Informatlon Systems

Alabama and Tennessec both have natural resource information
retrieval systems to which the addition of Landsat dipgital data input
capabllity is feasible. t was therefore necessary to document the

required inputs to the two information retrieval gystems and to assess



the technical requirements necessary to have the low-cost Landsat
processing system outputs feed directly into these Information sys~
tems. To accomplish this coordination, lialson was established with
the appropriate agencies and universities in cack state. Each of the
offices was requested to provide a list of any equipment already ay, {1~
able in their state with which new equipment could be interfaced for
the addition of Landsat digital processing capabilities. The cooperat=-
ing apencies were also requested to identify any constraints they

might have regarding new equipment to be selected.

In response to these requests, the Alabama Development Office
(ADO) and Auburn University sent a joint reply describing the computer
system that houses thelr information retrieval system at Auburn.

Auburn personnel designed and operate the information system for the
Alabama Development 0ffice. Included were documentation and user
manuals for the information system. The Tennessee State Planning
Office (TSPC) provided a report which explains Tennessee's resource
information system, and the University of Tennessee Space Institute
(UTSI) provided a description of their in-house equipment for analyzing
Landsat data. UTISI has previously worked with TSPO on Landsat analysis
efforts. Additional details on the resource information systems and
the available equipment for each state are discussed in Appendix B.

The requirements for having the low-cost processing system cutputs

feed directly into these information systems are described below.

Alabama's system is known as the Alabama Resource Information
System {ARI&). ARIS provides an automated geographic analysis and
computer mapplng system to aid planners and decision making peréonnel.
In oxrder to have the low-cost Landsat processing system outputs feed
directly into this information retrieval system, Alabama officials
have specified the following criteria: |

-~ a Nortﬁ—South orientation of the pixels;

- a numeric data representation (e.g., croplands and pasture

possibly represented by a 21 or deciduous forest land by
41, ete.);
- the UTM coordinates of the four corners of the scene (not

in the data, but with it, as in a header record); and

10
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~ ARIS will view a scene as a two-dimensional array of cells
(pixels) with cach row containing a West to East string of
pixels. ARIS expects the data to be input in row order with
the northern most row dnput first and the soutlhern most row
input last. The only cell data to be input are the numerlce
values representing the territory covered by the pixel. The
row and column identificrs (subscripts) ave gencrated by the
ARIS software,

Tennessee's information system is known as the Natuval Resources
Planning Aid System (HRPAS). NRPAS does not yet contain land use
information, but consists mostly of population data. TSP0's only
specification for the Landsat data to feed directly into NRPAS is
that the UTM coordinates of the four corners of a scene be provided.

The software for use with the low-cost system hardware is
discussed briefly in Sectilon 3 of this report. As can be seen from
the software routines available, the low-cost system meets tho objec-
tives of Alabama and Tennessee for effectively interfacing with their

natural vesource information systems.

System Modifications for Alanma and Tennessea

While the primary objective of this project is to define one
low-cost stand-alone hardware/software system to process Landsat data,
it is also necessary to consider existing equipment available to Ala-
bama and Tennessee. This could allow these states te achieve the
capability of obtaining such a system nt a2 cost even lover than that
specified for the basic system. (See Appendix B for a discussion of
each state's existing capability.)

In the cas@ of Alabama, the only existing piece of havdware which
could effectively be used in the system is a LA-36 Decwriter interactive
data communications tewminal. This could be used with the system in
place of the Data General console and printer.,

For Tennessee, the situatlon is considerably more complex because
of the existence of a minicomputer system at the University of Tennessee
Space Institute at Tullahoma. While it is possibie for UTSI to use the

existing hardware to process Landsat data, extensive modifications to

11
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the available software would be necessary (sce Scetion 3). These soft-
ware modifications would probably cost more than a new minicomputer.
Therefore, 1t is recommended that the Cal Data I be replaced with a
Data General Nova 3/12 or equivalent. The existing disk drives and
magnetic tape units may be used, provided controllers for the Nova 3/12
are purchased. UTSI's Versateec printer/plotter can be used as in output
device, if desired, and its Decwriter II terminal can be substituted
for the Dota General congole and printer. To achieve the color display
capability, it would be necessary to purchase the Lexidata color
display as specified.

Other substitutions are certainly possible in the basic system
(including the choice of the minicomputer). However, each substitution
will probably necessitate some minor software modifications to

accommodate the particular hardware device used,

Annual Operating Costs

The sanual operating costs for a low-cost system such as the one
sperifioed above will vary considerably depending on the amount of use
of the svstem. The primary recurring cost assoclated with the hardware
would be maintenance and repair, estimated to be in the range of
$1500-3010 per year. The other major operating cost would be for a
computers programer and/or resource andlyst to process the Landsat data.
The prrsonnel costg associated with this function would deperid on the
Irstitutional arrangements whereby these services were obtajfned, i.e.,
contractor personnel or in~house personnel. .

The cost for a full-time in-house computer specialist to process
the Landsat data is estimated at $20,000 per year. If contractor
personnel are used, the costs will probably be higher. It Is unlikely,
however, that a full-time computer programer would be needed ifmmedi-
ately. Consequently, it might be possible to share the costs of a
program among many agency programs and thus reduce substantially the
costs for the Landsat data processing. (The same is true for main-
tenance and repair costs, if the system itself is used for other
purposes.) In many cases, states would already have available on the

payroll personnel of the type needed.

12




Table 2 has been prepared to assist In estimating the annual
operating costs based on the fraction of time the system 1s utilized
for Landsat data processing. (The table assumes that the system is
used for other purposes when not being used for Landsat data procass-
ing., If this is not the case, the total costs are fixed independent
of usage and approximate those of 1007 use 1if a full-time analyst
is employed.)

Table 2, Estimated Annual Operating Costs

Time Utilized Maintenance
for Landsat (%) and Repair Personnel Total
25 $ 600 § 7,000 $ 7,600
50 1,200 12,000 13,200
75 1,800 16,000 17,800
100 2,400 20,000 22,400

fﬁ"“ [t
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SOFTWARE AND SYSTEM CAPABILITIES

Selection of Software

While numerous software packages have been developed to process
Landsat data, not all of these perform satisfactorily on a minicomputer
installation. Therefore, it was necesgary to gelect a software package

| which is capable of performing standard Landsat data processing func-
tions and which is compatible with the havdware system specified,

The proposed low-cost Landsat processing system is designed
around a computer system that is fully compatible with the Georgia
Tech Engineering Experiment Station (EES) Earth Resources Data Analysis

. System (ERDAS). ERDAS was designed and constructed to allow true

- interactive digital processing of all types of remote sensing data.
The system consists of a set of four modules: (1) minicomputer sub-
system, (2) input medium, (3) hardcopy output medium, and (4} display

R subsystem. The minicomputer subsystem consists of a Data General

| Nova 2/10 minicomputer with 64K bytes of core memory and a dual Diablo
disk system with 5.0 megabytes of storage for programs or data.

Many software programs for the Data General Nova/Eclipse model
computer are available in the public domain for analysis of Landsat
data and the efficient manipulation of othey geographically based
data. Some of the computer programs developed by Georgia Tech EES
have been documented in an EES final report to NASA/MSFC* on a pre-
vious contract. The software to a large extent is modular and only a
few routines would need to be changed to accompany any changes in com-
puter hardware. Thus, only minor program conversions (e.g., for oper-
ating the peripherals) are anticipated in making the prototype system
opervational. |

Brief descriptions of the major software programs are given below.
All programs are written in Fortran IV and currently run on a Data

4 General Nova 2 computer. These programs are in the process of being
;f;'- entered into (and will be available from) COSMIC, University of Georgia,
: Athens, Georgia 30602,

*
- Low-Cost Earth Resources Data Analysis System, by N. L. Faust and

G. W. Spann, Prepared under NASA/MSFC Contract {INAS8-32397,
August, 1978, CR #150838.

14



Landsat Processing Programs

Training Field Selection. This program provides for the display

of three of the four Landsat channels of data in a color infrarecd
composite on a COMTAL color interactive graphies system, The program
1s written in a user oriented keyword structure so that the user selects
the desired operation from a list of options. The major options
available are:
~ Read image;
- Magnify image;
- Training fdield salection;
- Ground contyol point selection;
-~ Parallelapiped classification for one training
sample signature (alarm);
- Ratio processing;
- Edge enhancement;
- Haze filtering;
- 2 dimensional plotting of multiple classes
in signature space (ellipse); and
~ lHistogram calculation and display.
This program is an integral part of the supervised classification
capability.

Maximum Likelihood Classification. This program performs the

actual classification of Landsat data into various categories previously
defined in the training sample selection operation. A simple table
lookup algorithm is implemented whieh keeps track of the data values

for the last 50 pixels classified and compares the new data value to

the previous enes, If no match owcurs, the total maximum likelihood
algorithm is executed. Tor a large number of classes or data with low
spatial variabilicy, significant improvements in classification speed
have been noted. Raw Landsat data are assumed to be input from magnetic
tape and the final c¢lassified data are written to a second magnetic

tape peripheral.

Linear Classification. This program performs a linear or parallel-

apiped classification of Landsat data. As hefore, signatures are assumed
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defined by the training field selection program. Both input and output
peripherals are assumed to be magnetic tape.

Unsupervised Classifilcation. This program classifier Landsat data

into various categories without using training fields teo define certain
desired categories. Basically this program divides Landsat data into
groups of pixels wliich look similar to one another. The eriteria used
to define similarity are specified by the user at run time. “Thile
this wethod does not utilize training fields as ground truth to define
its categories, the ground truth must be used to determine wvhat the
groups or clusters of data mean., For example, an unsupervised classi-
fication might produce a map of ten categories over a particular area.
What these categories mean in terms of ground cover types cannot be
defined until some ground truth information (maps, photographs, etc.)
are compared with the classification map. The unsupervised classifi-
cation approach used assumes magnetic tape input and output,

Coordinate Transformation. This program computes a least squares

fit of Landsat data to a given map projection, given ground control
points whose coovdinates have been located in Landsat data and on maps.
Landsat data can thus be referenced to a UTM or latitude/longitude
grid system or any other desired mwap projection.

Polypon Extraction. This program allows for the extraction of

Landsat data within polypgons such as counties assuming that the trans-
formation matrix from pixel coovdinates to map coordinates is availlable.

Join. This program allows the extractilon of polygonal data which
encompasses parts of two Landsat scenes. A mapping of categories from
one scene into the next creates a geneval set of categories for both
scenes,

Rectification/Resampling., This program resamples classified

Landsat data at a user specified pixel size and performs first and
second order geometric ecorrections. A North-South oriented image is

output which is suitable for inclusion into geographic data bases.

16



;‘An-'

B
;e

Geopraphie Data Base Programs

The primary program used at the Georgia Tech EES for geographic
data manipulation is NIMGRID which is an extensive modification of the
Harvard University IMGRID program by David Sinton. This program is a
useyr oriented, keyword structured program which utilizes two dimensional
gridded, mapped data on a roster or line-by-~line basis. By using this
formulation, a user may have a geographie data base for an area limited
in size only by the disk space available to the user and not the central
memory required for the program to execute. Each option for the analy-
sis of geographic data is a separate overlay in the computer so that
computer central memory requirements are minimal. The primary options
for the NIMGRID program are:

~ Store;

- Recode;

- Update;

~ Indax;

- Overlay:

- Search (Proximity); and

- Matrix.

All of the above operations except search operate vertically on one to
several layers of a data base (such as soils, historical, site location,
topography, etc.). The search algorithm allows the inclusion of

proximity information in detailed wmultilayer analyses.

System Capasbilities

The system proposed in this study would have the capability 2f
processing Landsat data for subscene areas on a rvepetitive basis.
With additional hardware enhancements such as the floating point
processor and hardware multiply/divide, the system could process whole
scenes of Landsat data in less than two days not counting training
sample selection time. Without these improvements, a full scene class~
ification for approximately 60 classes would take about 20-25 days of
constant processing, assuming no equipment malfunction or power losses.

The amount of time vequired for processing decreases linearly with a

17



"

decrease in the number of classifications desired (e.g., a full u.ene
clagsification with approximately 15 clasges would take about a week
of copstant processing).

Sys:em Limitations

Fnowledge of the limitations of a system such as this are as
important as knowledge of its capabilities. The major limitation
relates to interface software for the Lexidata color display and for
the cartridge tape drives. This software would have to be written or
obtained before the system could operate. While the interface soft-
ware problems do exist, it is not anticipated that a significant
programing effort would be necessary to produce the required software.
A competent programer should be able to accomplish the tasks required
in a month or less.

The second system limitation relates to the speclfication of
cartridge tape drives instead of the standard 9-track drives. This
was done to reduce the total system cost. Thus, if the cartridge tape
drives were used, some mians (e.g., an interface to another computer)
of transferring Landsat data from 1/2 inch 9-track tapes to cartridge
tapes would be required. On the other hand, the problem could be
eliminated by using standard tape drives instead of the cartridge
drives, The added cost would be in the vicinity of $5000 depending on
the tape drives selected.

The above limitations are not considered severe constraints on
the use of a low-cost Landsat processing system such as the one
specified here. Indeed, the software interfaces would have to be

written if a demonstration system were assembled.
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SUMMARY AND RECOMMENDATIONS

State agenciles in Alabama and Tennessee have cont-.uuilng needs
for a Landsat analysis capability, but neither can afford a currently
availlable system. This report detnlls a minicomputer-based hardware
system, costing approximately $28,000, which is within the budget of
many state, regional, and local agencles that previously could not
afford digital processing capability.

The low-cost system designed in this study would be most
beneficial to state and local users who wish to evaluate Landsat data
on a small scale before committing to an extensive manpowsur and equip-
ment program for operationally utilizing Landszt and geopraphic data
on a stakewide acre-by-acre basis. T a decision 15 made to utilize
Landsat dats in individual state progprams, the proposed system, with
the options added, could provide an instate capability for operational
Landsat pricessing on a multiscene basis., The usage of this system
would then govern the selection of larger-scale systems to handle
multiple users simultaneously.

This project has taken the design of 1 low-cost system as far as
it can go on paper. All of the tradcoffs necessary to select the
specific items of equipment have been performed. What remains is the
actual demonstration of such a system.

Therefore, it 1s recommended that the low~cost Landsat processing
system described here be assembled and demonstrated to NASA and to the
cooperating states. The demonstration effort would have at least two
very significant benefits, First, the system as described would be
proven workable. In addition to the practical utility of having a
proven, working system to recommend, however, the demonstration system
itself could be put to good use. It could, for example, be used for
training purposeés in a remote sensing laboratory or it could be mounted
in a mobile van to serve as an on-site demonstration and analysis tool

for Lindsat technology transfer.
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FEATURES

* Economical 16K word MOS and core memory modules

¢ High-speed 700-nanosecond MOS memory modules

* Optional parity for MOS memory

¢ Optional memory expansion to 128K words

* Multi-register architecture

¢ Extended NOVA® line instruction set

* Wide range of standard configurations

® 12:slot modular construction

* Removable power supply module

® Large selection of peripherals, communications and /O
devices

¢ Options include battery backup, hardware Multiply/Divide,
and Floating Point Processor

* Full operating system and high-level language support

* Complete customer support

DESCRIPTION

The NOVA 3 tamily of compulters combines reliable NOVA line
design concepts with Data General designed and manufac-
tured components, including a MOS memory system. The
result 1s a computer that offers speed, configurability, high-
level language software, and a complete line of peripherals,
all at a remarkably low price These features make NOVA 3
well suited to OEM applications in communications, instr

Msuonv G Iiaei2

Metal- Omdo Semnconduclor (MOS) memory modules with
700-nanosecond cycle time are available in 4K, BK and 16K
wora increments with optional parity interrupt Data General-
manufactured MOS memory chips have state-of the-art silicon
gate construction Core memory comes in BK-word modules
with B00-nanosecond cycle ime and 16K-word versions with

MEMORY MANAGEMENT

Ontional memory management hardware permits expansion
of physica! memory beyond 32K words to a maximum of 128K
words with tull operating system supnort Two program maps
are provided, each allocating logical program space in 32 1K-

ARCHITECTURE

The NOVA 3112 central processor is organized around four
hardware accumulators, two hardware stack registers, and a
program counter Two of the accumulators can be used as

index registers Hardware stack registers facilitate reentrant
and recursive subroutine programming The system includes

Copyrighti 1975, Data General Corporation
All nghts reserved Printed inUS A
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mentation and conltrol, computation and data systems

The NOVA 3/12 has twelve subassembly slots in a 10':-inch
chassis. An optional 10';-inchrack-mounted /O expansion
chassis extends the system’s capacity to 24 subassembly
slots The NOVA 3/4 has four subassembly slots in a 5%-
inch chassis

1-microsecond cycle ime MOS and core memory modules
each occupy one computer subassembly slot When different
speed and oifferent technology memones are mived in NOVA
3, the eflective cycle ime depends on the speed of the memory
module accessed

word blocks Memory management also provides data channel
access 1o two independent logical memory areas, each with a
total of 32 1K -word blocks

16 memory registers that are use | Y. autoincrement, aulo-
decrement operations The multire Ssier architecture reduces
the number of instructions necessary for execution, and
simphties programming

NOVA is a registered trademark of Data General Corporation
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INSTRUCTION SET

The NOVA 3 instruction set is an extended version of the proven
NOVA line 16-bit, single word multi-function instructions
Arithmetic and logical in® truclions execute one of eight basic
functions, modity the operand, shift the result, and test the
result in only one cycle Using diect, indirect, relative, and
indexed addressing modes, memory reference instructions
move data between memory and accumulators, and modify

COUNFIGURATIONS

The NOVA 3/12is 10" s inches high, rack-mountable, has tweive
subassembly slots, and 18 completely compatible with the
NOVA 3/4 It contains one central _rocessor board, one or
more memory boards, and space for memory management
and /O subassembly boards The battery backup module is

MODULAR CONSTRUCTION

The modular structure of the NOVA 3/12 . icludes high density
packaging of large.-and medium-scale integrated circuitry,
and a miminien of interconnections Major subassemblies
such as the central processor, memory modules, parity and
major options are on asingle printed circuit board, simplifying

STANDARD EQUIPMENT AND OPTIONS

The NOVA 3/12 includes programmer’'s console, 16-bit 11O
system, programmed data transfer, direc! memory access,
automatic interrupt source identification, 61 device addressing
capability, 16-level programmed priorty interrupt, hardware
stack architecture, external I/0 bus connector, prewired
peripheral connecler. and electr.cally isolated system memory

PERIPHERALS, CCMMUNICATIONS AND 1O

The complete range ot Data General peripherals includes
diskettes, fised head discs, cartnidge discs, cassetles, paper
tape reaoers, video display terminals, industry-compat-
ible magnetic tape units, disc pack drives, ine printers, paper
tape punches, plotters, and card readers. Communications

SOFTWARE
Softw ‘vailable for the NOVA 3/12 computer includes two
compatible operating systems A Real-ime Disc Operating
System (HKDOS), which supports more than 32K words of
NOVA 3 inemory, and a Real-Time Operating System (RTOS)
Extendeda FORTRAN IV and FORTRAN 5, ALGOL, single-user

CUS1OMER SUPPORT

Available to Data General customers is a worldwide support
network that offers contractual services for Apphcation Engineers,
Service Engineers and Customer Training Also available is a

SPECIFICATIONS
GENERAL

Word Length: 16 bits

General- Purpose Accumulatore: 4

Stack Facility: 1 central processor Stack Pointer, 1 central
processor Frame Pointer

Memory Cycle Times: 700-nanosecond MOS memory, B0O-
nanosecond 8K word core memory, 1000-nanosecond 16K-
word core memory

22

program flow etficiently Input/output nstructions ranster
data and control signals betweer the processor and penipheras,
and are NOVA ine compatible Extended instructions include
user-definable system trap instructions, single word PUSH/POP
and multiword SAVE/RETURN stack instructions to facilitate
subroutli .2 programming, and memory man: rement instruc-
tions for user control of more than 32K words of main memory

contained within the ' ;inch chassis The 12-slot VO ex-
pansion chassis is a 10';-inch high rack-mountable chassis
that expands system capacity to 24 siots It connects to the
NOVA 3/12 chassis with a standard /0 cable

troubleshooting and repair The power supp!y also occupies
a single removable printed circuit board, a very important
innovation for system reliability An etched backpane! makes
all interbr ard connections Integral backpanel connectors
are provided for commonly specified peripherals such as the
diskette subsystem

bus. Options available include the Memory Management Unit,
automatic program load, battery backup, power monitor/auto
restart, turnkey console, MOS memcry parity, hardware
multiply/divide, ligh-performance floating point unit, real-time
clock, and WO expansion chassis

hardware includes a high-speed synchronous and asyn-
chronous multiplexor system direct IBM 360/370 interfaces,
and intercomputer connections Input/output equipment in-
cludes A/D and D/A converters, digital 110 and general-pur-
pose interfaces Many of these are disccuntable in quantity

and multi-user Extended BASIC, and Macro assembler are
the language processors which can be used with P OVA 3/12
Utity software available includes 2780 emulator, piocess
11O support, sort/merge, standard and relocatable assemblers,
relocatable loaders, and symbolic debuggers

Software Subscrption Service and a Hardware Subscription
Service The Data General User's Group allows interchange
of user programs

Memory Configurability: Any combination of up to eight core,
MOS parity, and MOS non-parity boards Ina system with both
parity and non-parity memary, the parity controller ignores
accesies from non-parity memory

Add Time: MOS memory, 700-nanoseconds, core memory,
800-1000-nanoseconds




Accumulator Load Time: MOS memo.v, 11001200 nano-
seconds. core memory, 1300 - 2000 nanoseconds

Address Modes: Duect addressing of 1024 words absolute,
relative and ‘ndoxed modes, mulli level indirect addressing of
32,768 words 10 a maximum of 131,072 words with Memory
Management Uni, egister based stack addressing on a
Lstin, Frst-Out basis, and on a random indexed basis
Memory Increments: 4K word MOS memory, 8K word MOS
and core memory, 16K word MOS and core memory
Memory Capacity: 131072 words

Bus System: Separate 10 and memory busses

OPTIONS

Hardware Multiply/Divide: Multiply tume, 6 0 microse onds,
divide time, 6 8 microseconds (successtul), 15 (unsuccessful)

Hardware Floating Point: Worst case single precision (32 bit)
memory loreyister multiply time, 109 microseconds, woist

FLECTRICAL

AC Line Voltages: Four options avallable for all chassis types =
100V, 120V, 220V, 240V, all operable within £15%, - 10% of

nominal within the frequency range 47 63H;z at maximum load.

AC Power Consumption: 600 watts fully loaded

MECHANICAL

Dimensions: 10:"H x 19°'W x 23D

Weight: 130 Ibs, fully loaded, CPU expansion
chassis, 130 Ibs fully loaded

ENVIRONMENTAL

-

Temperature Range: 0°C to 55°C operating, - 35°C o +7(
storage

Memory Management: Dual mapped program spaces
allocatable in 1K word increments via 32 registers in cach
of two program spaces 64 data channel map registers, each
addressing a contiguous 1K word space, 32K-word physical
(unmapped) program space

Direct Memory Access Data Channel: Standard speed and
high-speed modes included, maximum word transter rates
11 MMz In, B3 MH2 Out, Maximum data channel latency
50 microseconds

Input/Output System: 16 bit word length. 16 priority level
interrupt structure, 61 devices addressable, maximum interrupt
latency, 11.7 microseconds

case double precision (64 bit) memory-to-register divide time,
22 1 microseconds

Memory Parity:One panty bit per word, generates a panty
fault interrupt upon detecting an error

170 Bus Levels: Ground and + 3 volts

Battery Backup: Mantains 32K words MOS memory data
contents vahd for up o two hours during power fallure;
recharge time from fully depleted state, 24 hours during
normal CPU operation

Front Panel: UL tlame retardent and scrach-resistant plastic
in gold and yellow color tnim

Heat Genevated: 2050 BTU/hr maranum;
CPU expansion chassis, 205 BTU/he maximum

Relative Humidity Range: to 90% operating, to 95% storage
Altitude Range: 10 10,000 operating, to 50,000' storage

Floating Point Processor, Memory or 1O

Floating Point Processor, Memory or 1O

Penpheral Connector and Memory or 1O

Memory or 11O

Memory or 1O

Mcmmy or 110

S T e

ML.nory or /O

—_— e e e

Memory or 10O

Teletype Connector and Mvmory or lIO

Memory or 110
MMUIMOS Parity/Multiply -Divide, Muumry or IIO
Central Processor
— |

Power Supply Board

Battery
Backup

NOVA 3/12 Slot Allocation. An additional 12- slot 110 expansion chassis is available
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FEATURES

J15K byles removable diskette sicrage per drive

Uses low cost diskette recording media

Dual- and single-diive models

Lised with any Data General computer

Available as complete subsystem Jcontrollu and up to four
drives) for NOVA™ and ECLIPSE ® Systems

Can be mixed with DataGeneral 10M byte cartridge disc
subsystems on same controlier

Compact 7" highchassis, complete with power supply

Data channel operation, sector transfer rate 31K bytes/sec.
260ms average head positioning time, B3ms average latency
Comprehensive software support

Allows file interchange with microNOVA™ Systems

- s s s e

DESCRIPTION

Data General's diskette subsystems provide reliable low-cost
mass-storage capability for NOVA, ECLIPSE and microNOVA
computers. Choose the 6030/31 series for NOVA or ECLIPSE
systems and the 6038/ 39 series for microNOVA systems, The
subsystem consists of achassis containing power supply and
drives, controller for up to four drives, and cable set. It is
avallable in two-drive (Model 6030) and one-drive (Model
6031) versions. Expansion to four drives provides a maximum
1.2 muaabyle online storage capacity, A thumb-wheel switch

DISKETTE . 1EDIA

Each diske.e has a formatted data storaye capacity of 512

bytes per sector, or 4096 bytes per track. Total surlace ca-
pacity for a single diskette is 315,392 bytes, Diskettes are
supplied pre-formatted, but can be reformatted and verified by
diagnostic software. Each diskette envelope also has a write
protect feature that is initially enabied. Write protection can be
DATA CHANNEL TRANSFER

Data transter between diskette and computer memory s
through the computer's direct memory access data channel,
Up to eight sequential sectors can be transferred in one dis-
kette revolution by a single command. Transfer rate is 31K
OPERATION

When a read/write command is received, the head inoves
toward the selected track. Head loading begins just prior 1o
reaching the selected trach to minimize head/surface contact
time and increase speed. Diskette timing holes provide sector
position identification, and data transfer occurs. Several
sectors can be transferred as required. If no activity occurs for
eight revolutions (1.3 seconds), the head automatically lifts to
minimize wear.

DUAL-PORTING

Dual-porting is an integral part of the cesign of the diskette
subsystem, permitting two Data General computers to share
accesstodisketlesina coordinated fashion. The unique dual-
porting design facilitates configuring and implementing a
dual computer/shared diskette using standard equipment and
software. Dual-porting also makes redundant systems practi-
cal and economical for demanding applications,

The dual-porting capability can be ordered initially or added
after the diskette and first computer are in use, since dual-

Copyright ©1975, 1978 Data General Corporation.
Allrights reserved. Printed inU. S .A.
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DG/DISKETTESUBSYSITLEM G030, 6031

PRODUCT BRIEF

lets users select any unit as 0, 1, 2, or 3. The diskette sub-
system uses the computer's diiect memory access channel
for high-speed data transfer. Typlcal diskette uses Include
software distribution and bootstrap loading, program and data
exchange boetween Data General computer systems, offline
storage in data collection and communications systems, and
mass storage for small stand-alone systems. A DG/Diskette
subsystem is included with all CS/20 and CS/40 computers,
and is optional with all CS/60 computers.

disabled for data recording, then enabiad to ensure data
integrity. In operation, the diskette revolves at 360 RFM inside
its protective envelope. Diskettes are industry-compatible
with 32 hard sector address veritication holes for reliable
sector position detection,

bytes/second for one sector and 25K byles/second average
over several sequential sectors. The controller Is quad-
buffered, so data channel requests can be up to 128 u sec
apart.

For multiple drive subsystems, seek commands can be sepa-
rately issued to each drive, and head positioning will be over-
lappedto inzrease throughputl. When the drive is turned on, or
after loading a diskeite, the drive automatically positions
the head at track zero 1o facilitate the subsystem’s use as a
bootstrap device. The unit is ready 19t operation two 1o three
seconds after adiskette is loaded.

porting is implemented simply by adding a Model 6051 dual-
porting option to the second computer, The option consists of
a diskette controller and dual-port cabling assemblies, Dual-
porting Is available for diskette sut systems consisting of one
to four drives or up to four mixed diskette and disc drives, A
standard hardware and software dual-port configuration is
supported by Data General's Real-time Disc Operating System
(RDOS).

NOVA and ECLIPSE are registered trademarks of Data General
Corporation.
microNOVA is a trademark of Data General Corporation.
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CONFIGURATIONS

Each diskette subsystem can be expanded to 1.2 megabytes of
diskette storage in 0 3-megabyte increments. Model 6030
includes two diskette drives, an integrated power supply,
controller, and cables. Model 6031 provides a similar single
drive subsystem. Model 6030-A is a dual drive addition to
either a single drive or dual drive subsystem, and Model 6031-
Ais asingle drive expansion that can be used in the same way;
both models include chassis with power supply and cable set.

Model 6030-B and 6031-B, respoctively, are two and one drive

PACKAGING

Data General's Diskette Subsystern i1s designed for operating
ease, high reliability, and low maintenance cost. A chassis-
mounted power supply with two-drive power capacity is in-
cluded in each compact 7" high rack-mountable chassis. Up to
four drives can be used in one subsystem. Subsystem compo-
nents, including all drives, are rack mounted. Each diskette

SOFTWARE

Diskette storage is supported as an /0O device with a com-
patible file structure under Data General's Disc Operating
System (DOS) and Real-time Disc Operating System (RDOS),
The advanced Operating System (AOS) also supports file
storage on diskettes. The diskette complements main disc
storage, facilitating program and data interchange between
systems and file back-up for offline storage. Diskelle storage
is available under the Real-Time Operating System (RTOS)
with file compatibility with DOS and RDOS.

The Real-time Disc Operating System (RDOS) is a modular,
device-independent multitasking system which is both a
powerful program development tool and a comprehensive
file-oriented, real-time operating system. For real-time appli-

SPECIFICATIONS

GENERAL

Drives Per Controller: Up to 4 for attachment to any Data
General computer.

Diskette Capacity: 315,392 formatted data bytes.
Sector Length: 512 bytes per sector,

Preformatting: Media is preformatted by Data General.
Recording Surlaces: One, iemovable,

Type of Media Enclosure: Disketie envelope.
Rolational Speed: 360 RPM.

Number of Sectors: 8 per track,

Data Transfer Rate: 31K bytes/sec. (instantaneous), 25K
byles/sec. average over several consecutive sectors,

Avesage Latency: 83 33ms.

Head Positioning Time: Track-to-track 20ms; Average time,
260ms; Full stroke, 770ms.

Track Density: 48 TPI.

Recording Density: 3268 BPI (innermost track),
Number of Tracks: 77,

Recording Mode: Double frequency.

MECHANICAL _

Dimenslons: 7" (17 Bcm)H x 197 (48 3cm)Wx 23" (59.7cm) D.
Welght: Dual unit, 67 Ibs (30.5 kg). Single unit, 54 Ibs. (24.5
kg).
ENVIRONMENTAL
Temperature Range: 50°F (10°C) to 100°F (37 8°C) operating;
0* (-17.8C)t0 120°F (48.9*C) storage.

Temperature Change Rate: 12°F /hour (6. 7°C/hr.).

diskette units including controls, chassis with power supply,
and cable set for attachment to Models 6045, 6046, and 6047
(6031-B only) 10-, 20-, and 30-megabyte cartridge disc suu-
systems. Thus, up to four mixed disc and diskette drives can
be configured per subsystem,

Model 6050-F is a 10-megabyte cartridge drive that can be
added 1o an existing one 1o three-drive diskette subsystem,

drive contains a spindle that accommodates one diskette.
Diskettes are easlly inserted or removed via a slot and flip-up
door at the drive tront. Control lights provide status informa-
tion, including write lockout, head at track 0 (calibration
point), and drive ready.

cations that do not require file management facilities, the
Real-Time Operating System (RTOS), a compatible subset of
RDOS, provides multitasking and high-speed service lor
peripherals. The diskette based Disc Operating System (DOS)
is an ideal development tool for stand-alone operations. Pro-
grams may be developed under DOS and executed under
RDOS or RTOS.

microNOVA DOS DG/ Diskette systems can exchange diskette
files with NOVA or ECLIPSE systems running DOS, RDOS, or
AOS. Diskette files may also be exchanged among all Data
General Commercial Systems irodels running the Interactive
Cobol Operating System (ICOS).

Rotational Start-Up Time: 2 sec. typical,

Rotational Stop Time: Negligible.

Control Functlons: Unit select, power on, track 0 indication,
ready indication, write protect indication.

Voltage Requirements: 120 Vac, 60Hz, 100 or 220 or 240 Vac,
50 Hz.

Voltage Tolerance: + 10%, -15%.

Frequency Tolderance: ¢ 1 Hz.

Power Requlrements, nominal (Dual): 4 9 Amps at 100 Vac;
3.8 Amps at 120 Vac; 2.1 Amps at 220 Vac; 2.0 Amps at 240
Vac.

Power Requlrements, nominal (slngle): 3.0 Amps at 100 Vac,
2.6 Amps al 120 Vac; 1.3 Amps at 220 Vac; 1.25 Amps at 240
Vac.

Power Disslpation (maximum): 475 Watts (dual); 300 Watts
(single).

Maximum Allowable Data Channel Latency: 128 micro-
seconds.

Controller Current: 4 0 amps at + 5Vde,

Controller: 15" -square (38.1 cm-square) printed clrcuit board,
occuples one slot inany Data General computer,

Relative Humidity: 20% 1o 80%, non-condensing.

Heat Generated: 1000 BTU/hr, (293 watts) dual, 600 BTU/hr.
(176 watts) single, max,

dvDataGeneral
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FEATURES

¢ Bulfered 180-character-per-seccnd (cps) printing
* Mic;oprocessor-contiolled, logic-seeking, bidirectional
performance
® Local and remote operation via data sets (modem)
* 20mA current loop, EIA (RS-232-C/CCITT V. 24) interfaces
+ Communications
-Selectable baud rates
-True 120-cps printing at 1200 baud
<Halt- and tull-duplex operation
-Bell 103, 202 and 212A compatible
-Parity selection and detection
* Automatic carriage return
* 132-columnwidthat 10characters perinch (cpl)
* Upper- and lower-case character set (96 ASCI) with true
descenders, punctuation marks and underscore (inter-
national fonts available)
Paper-fault sensing and forms-override switch
Up to sixclear, readable coples on 4"-15" -wide forms
6 or Blines per inch (switch selectable)
7 x 9 impact dot matrix with print penetration adjustment
Optional alternate character set
Longlife printhead for maximum reliability
Plotting under software control
Offline test feature
Downline load facility for alternative character fonts
Convenlent operator-changeable ribbon cartridge
Operator-selectable automatic view mode
Models 6075 and 6077 with normal and elongated character
printing; Models 6076 and 6078 with normal, elongated,
condensed and condensed/elongated character printing
o Models 6077 and 6078 include typewriter style heyboard and
14-key numeric pad
* Designed and manufactured by Data General

DESCRIPTION

DataGeneral's DASHER™ TP2terminal printers meet the needs

of applications that require high-speed, high-quality hardcopy
and asynchronous communications—via either a local con-
troller or a data set (modem). All DASHER TP2 terminal
printers use a built-in, 16-bit microprocessor for eflicient
bidirectional printing. This combines with the 180-cps print
speed and Random Access Memory butfer to ensure optimum
use o! high-speed data communications lines without data
loss or the need to issue “pad” characters (for most applica-
tions, at transmission rates up to 1200 baud). All models offer
astandard selection of communications interfaces for system
compatibility and produce up to six clear, readable copies on
forms 4"-15" wide.

Models 6075 and 6077 DASHER TP2 terminal printers can print
in either normal or elongated character widths for titles,
headings, and improved report quality. Models 6076 and
6078 also allow condensed characters for printing full 132-
column line e on BYe"-wide forms and condensed/elongated
character widths. All variable character pitches are both
awitch- and software-selectable. A cholce ol 6- or 8 'ol vertical
spacing is switch-selectable.

All DASHER TP2 terminal printers have a standard 96 ASCIl
character set formed by a 7x9 dot matrix that teatures upper-
and lower-case characters with true descenders, punctuation
marks, and underscore for highly readable text and high-
quality report generation. International fonts and typewriter
keyboards for France, Germany, Sweden, and the United
Kingdom arz2 available.

Copyright©1978, Data General Corporation, Westboro,
Massachusetts. Allrights reserved. Printed inU S A,

DASHER 1P2 TERMINAL PRINTERS
Models 6075, 6076, 6077, 6078

PRODUCT BRIEF
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P KEYBOARD RECEIVE  CONDENSED
SEND/RECEIVE  ONLY PRINT

6077 X e

6078 X :

6075 X

6076 % .

Models 6077 and 6078 DASHER TP2 teiminal printers are

equipped with typewritor-style keyboards. The keyboard
configuration and integral 14-key numeric pad are designed
for operator convenience and minimize operator retraining.

All DASHER TP2 terminal printers include a top-of-form
control for variably sized preprinted forms, horizontal and
vertical tabbing for format selection and tex! layout and an
offline test switch for veritying printer operation. They also
use an extended-life ribbon cartridge, which can be changed in
less than 30 seconds. Other operator-oriented features in-
clude both left- and right-adjustable tractors, fine vertical
forms alignment, a print penetration adjustment 1o ensure
consistently high print quality, master reset, and a forms-
override switch,

For users requiring to print from more than one character
sel, a hardware alternate character set Is optionally avallable.
This secondary character set can be selected by a switch on
the secondary control panel or by software command. This
feature is particularly useful for users generating reports in
more than one language.

A downline load facillty lets users print specia! symbols, such
as foreign language characters or scientific notations of their
own construction. These symbols are easily loaded into the
DASHER TP2's Random Access Memory by using the appro-
priate command sequence prior to printing.

ANl DASHER TP2 terminal printers are equipped with a switch-
selectable view mode that moves the printhead during printing
lapses (of greater than 1 secend) 80 users can v.ew the text.

DASHER is atrademark of Data General Corporation.
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INPUT

For interactive operation, Models 8077 and 60/8 DASHER TP2
terminal panters are equipped with standard typewriter-style
heyboards and separate numer'c key pads. The main key-
board, which contains the character set similar 10 a standard
typewriter, is used to enter data into the terminal as wall as
for programming vertical and horizontal tab posiiions, There's
a separate 14-key pad for numeric data entry; it's arranged for

Als]
SIREN
ylu

ouTPUT

Models 6075, 6076, 6077 and 6078 print 180 characters per
second at a standard 10-cpi density. For headings, elongated
character density is five characters per inch. On models
6076 and 6078 DASHER TP2 terminal printers, 16.5- and 8.25
condensed and condensed/elongated printing densities are

convenient operator use with all necessary function keys as a
part of the cluster, Keys include the numerals 0 thru 9, comma,
period, minus and enter. A1l keys have a multikey rollover fea-
ture that minimizes erroneous data entry when multiple keys
are struck simultaneously. The capacitively-switched design
of the main keyboard and separate numeric pad eliminates
mechanical linkages and substantially increases reliability

it e .
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also aval'ible. Users can activate these variable character
pitches with a secondary control panel switch or select them
under program control. A 98-character, upper- and lower-case,
English-language character set with trus descenders and
underscore s standard with all DASHER TP2 terminal printers,

Tnis 15 an exosple of tne BASnen TF2'S prantang capaniis s,

ine LeXL you Gre Tee0ing 1S Printes Using COBpTesses wiatn

Characters at o lines per incn vertical svacing.

Tnis 35 an exaspie of the DASHLR (F2'5 urinting capabyiit.es,

Tne text UOu are Teading is DIINLed using COBLT@sSed wWiGLh

characters av & lines per anch vertical spacing.

This 18 an example ot tine DRSHER Tr2°S pranting capabilities.
T & J

Tne text you are reaainyg 1% piintea

8 lines pér inch vertical spacing.

IN1s 18 an esample of wne LkSsnex
ine Ltext UoW are 1eaalinyg 1s prinuved
AL 6 1i1nes per 1nch vertical spac A .

SO NOTmal Wwadin cnaracters at

IS B DEAnLIIY Cababliities,

US1ng normal widon coaractenrs

This 15 an example or the DASHER 1FPZ2°5 pranting
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OPERATORFEATURES

The top-of-form control and horizontal and vertical tabbing
capabilities conveniently permit different sized preprinted
forms and report formatting. Paper loading and ribbon chang-
ing are simple and quick.

Two control panels let the operator select various print op-
tions. The primary control panel, located on the top cover,
contains switches for commonly selected functions such as

APPLICATIONS

DASHER TP2 terminal printers are particularly suited for a
variety of local and remote applications requiring high-speed,
high-quality hardcopy. Versatile formatting capabllities com-
bined with an extensive variety of character sizes make these

PACKAGING

DASHER TP2 terminal printers are packaged to ensure high
reliability and easy maintenance. A panel on the side of the
unit provides ready access to the interface, control circuits,
microprocessor and power supply. Ribbon cartridge and

INTERFACING

AllDASHER TP2 terminal printers provide a choice of standard
serlal interface configurations; EIA RS-232-C or current loop,
The RS-232-C interface is compatible with most computers
for local connection as well as with Bell 212A/type modems
(data sets) for Jata communications. In addition, the EIA
interface is compatible with CCITT recommendation V.24,
Parity selection/detection is avallable as well as a choice of
110, 150, 300, 1200, 1800, 2400, and 4800 baud rates. Hall-

SPECIFICATIONS
GENEHAL

Speed: 180-cps, logic-seeking, bidirectional,
Character Set: 96 ASCII characters, upper and lower case with
true descenders, punctuation marks and underscore,
Character Style: 7x9 impact dot matrix,

Character Slze: (Normal width) 0.105" (2.67mm) H x 0.076"
(1.93mm) W,

Characters Per Inch: 16.5, condensed (Models 6076 and 6078
only); 10, standard, 5, elongated, 8.25 condensed/elongated
(Models 6076 and 6078 only),

Columns: 132, at 10 characters per inch

Line Density: 6 or B vertical lines per inch, switch-selectable.
Line Feed: 33 msec.

KEYBOARD (Models 6077, 6078 only)
Keyboard: Standard typewriter layout; 3-level, capacitively
switched, electronically debounced, N-key rollover (ordered
by rising keystroka).

COMMUHICATIONS INTERFACE
Transmission Type: Asynchronous.

Parlty: Switch-selectable.
Modem Types: Bell 103, 202, 212A and Vadic 3400.

MECHANICAL =
Dimensions: 33.75" (B5.7cm)H; (67.3cm)W; 21" (53.3cm)D.
Welight: 60 1bs. (27kg).

online/offline, line feed/form feed and view mode. The secon-
dary control panel, which can be reached by raising the top
cover, contains switches and controls for less frequently used
functions such as normal/condensed print, 6/8 lines per
inch, top-of-form, perforation skipover, master reset, baud
rate, alternate character set select, forms override and self-
test.

printers attractive in business applications. Report generation
with preprinted forms of different dimensions can be accomo-
dated for data entry terminals, computer 1/0 consoles, data
loggers and timesharing terminals applications,

forms tractors are easily accessed by raising the unit's top
cover. The standard cantilevered pedestal maximizes ¢ verator
comfort, minimizes floor space requirements and comple-
ments the office decor.

and full-duplex communications are avallable. For remote
connection via modems, DASHER TP2 terminal printers will
sustain “true” 1200-baud throughput for most applications,
This is accomplished without “pad” or fill characters because
the 180-cps print speed, combined with intelligent bidirec-
tional operation, eliminates carriage returns and maximizes
printing time, making DASHER TP2 terminal printers particu-
larly suitable for 1200-baud timeshare networks,

Slew Rate: 5 inches per second,

Forms: Pin feed, fanfold; 1- to 6-part paper.
Forms Width: 4"-15" (10.2cm-38.1 cm).
Maximum Forms Thickness: 0.025" (0 625mm).
Ribbon: Fabric ribbon, cartridge-type, continuous loop (36'
long, ¥2" wide).

Ribbon Life: Better than 4 million characters.

Format: Top-of-form control, vertical and horizontal tabula-
tions.

Options: International character fonts for France, Germany,
Sweden and the United Kingdom; alternate character set, wire
paper basket,

Key Pad: 14-key numeric pad.

Line Interface: 20mA current loop/EIA (RS-232-C/CCITT
V.24).

Speed: Selectable 110, 300, 600, 1200, 1800, 2400, 4800 bps.
Protocols: Hall /full duplex.

x _Po_:wor Cable: 6’ (1 :a_m)'

External 1/0 Cable: 25' (7.4m) standard length.

28
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ELECTRICAL 7
Power Requirements: 120( + 10%,-15%), 220 ( + 10%, -15%),
240( + 10%, -15%) volts AC (nominal), 47-63 Mz.
ENVIRONMENTAL e
Temperature Range: 10°C to 40°C operating (50°F 10 104*F);
-40*C1060°C storage (-40*F 10 140°F).
Relative Humidity Range: 10% to 90% operating; to 95%
conTROLCODES
FUNCTION SYMBOL CODE
Backspace BS 0104
Horizontal Tab HT 0114
Newline (Line Feed) NL 0124
Vertical Tab vT 0134
Form Feed FF 014,
Carriage Return CR 0154
Escape ESC 0334
COMMAND SEQUENCE TPl -

SEQUENCE CODE

ESCH 03350618

ESC2 0335062g

ESCS 0335065¢

ESCE, 033:066¢

ESCe 03351433

ESCa (335141

ESCb 0333142

ESCd 0335144,

ESCe 03351458

ESC 03350768

ESC? 033077g

ESC 0333074

ESC= 03350758

ESCE 0335105g

(ESCE) NUL (0335 10545) NUL

ESCF 03351068

(ESCF) NUL (0335 1065) NUL

ESCY (byte count, 03351315 (byte count,

start address...data..., start address...data...,

negated check sum) negated check sum)

ESCN (start address) 03351164 (start address)

ESCO 03351174
The materials contained herein are sumimary in nature, subject to
change, and intended for general information only. Details and
specifications concerning the use and operation of Data General

. .
:_-nf" &

b o

Power Dissipation: Idie, 120 watts typical; running, 250 watts
typicai.

s‘orage lnon-cundomlngri.r
Altitude Range: To 10,000" (3,048M) operating; to 50,000'
(15,250m) storage.

EXPLANATION

Causes the printhead to move lift one character position
(online only).

Moves printhead to next horizontal tab stop.
Printhead moves tu the beginning of the next line.
Advances paper to next tab stop.

Advances paper totop of the next form,

Returns carriage to the left-hand margin,
Denotes the beginning of acommand sequence.

EXPLANATION

Sets horizontal tab at current printhead position,
Clears horizental tab at current printhead position,
Sets vertical tab at current line position,

Clears vertical tab at current line position.

Master reset,

Selects underscore.
Deselects underscore,
Selects plotting mode.
Clears plotting mode.
Selects compressed print mode.
Clears compressed print mode.
Selects elongated print mode.
Clears elongated print mode.

Sets horizontal tabs,

Clears horizontal tabs.

Sets vertical tabs.

Clears vertical tabs,

Downline loads data (character set).

Selects downline loaded character set.
Deselects downline loaded character set,

equipment and software are available in the applicable technical
manuals, available through local sales representatives.

dvDataGeneral

Dt Gerwera! Corprwatum Maesthorn, Massachusetts 0158](617) 366891
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The Qantex Model 650 Tape Drive utilizes the 3M Dala
Cartridge (DC300A) to provide a magnelic tape storage
capability with the performance specifications of a compati-
ble 1/2" tape drive but 2t a fraction of the cost.

The Model 650 is designed to be an OEM system compo-
nent. It's flexible design offers a wide range of options lo
allow the system designer to choose both the control
parameters and mechanical mounting configuration best
suited 1o his system design concept and application.

The Qantex Model 650 is available in a wide variety of con-
figurations. In its simplest form, a “mechanism only with inti-
mate eleclronics” is ollered. The “intimate electronics” are
the optical tachometer and servo power amplifier
electronics. In its most complete configuration, the Model
650 is offered with all electronics, including many house-
keeping functions, status displays, and a bezel which may be
readily customized with the user's logo lype. Many varia-
tions between these two extremes are available lo meet the
OEM’'s most desired conliguration.

A small front profile, 3-1/8" high by 7" wide (excludi
cuslomized bezel) makes the Qantex 650 Drive an idea
choice where front panel space is at a premium,

HEAVY-DUTY MECHANICAL DESIGN

The Qantex Model 650 Cartridge Drive was designed for the
original equipment manufacturer. Realizing a major require-
ment is reliability, the mechanical design provides both data
reliability and hardware reliability with all mechanical parts
fabricated for strength and durability.

The Model 650 provides a true three-point suspension of the
data cartridge to reference it accurately 1o the magnetic
head, thus insuring dala interchange and compalibility. Once
the data carlridge is inserted into the Qantex 650, it is
physically locked in place, thus preventing inadvertent
removal while the lape is being driven.

APPEARANCE

The molded bezel directs the enlry path of the data
carlridge for a smooth and guided insertion. In addition, the
bezel covers the tape drive mounting screws. It also holds
the status display.

The recessed area in the bezel lapproximately 6-1/4" x
1-3/8") provides room for a printed insert with the OEM's
logo and color choice, The standard insert is offered wilth
horizonlal or vertical legends. Bezel color may aisn be
selected,

CONFIGURATION
The Model 650 is available in the following configurations:
* Mechanism only with intimate electronics
* Mechanism with Servo/Dala electronics
* Complete tape drive with control electronics
* Rack mounted versions i.e., 2200, 2400
* Portable tape drive systems, 2710

* ANSI Formaller available, Mode! 86008

DRIVE

ELECTRONICS

31

FRAME :‘BEEVAO CONTROL »
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INTIMATE CARD PC CARD FORMATTER

ANSI/ECMA COMPATIBLE

The Qantex Tape Drive meels the requirements of the pro-
posed ANSI/ECMA specification for information inter-
change of Ya", 4-track data cartridges. Data is writlen at a
density of 1600 bpi, phase encoded (3200 FCI), at 30 ips.
This resulls in a dala transfer rate of 48,000 bps. High-
speed bidirectional search is accomplished at 90 ips.

DRIVE OUTPUTS

The control and data signals from the Qantex Tape Drive are
open collectors lo «implify the buss wiring in a multi-drive
configuration. Each bussable output is controlled by the
respective SELECT signal. Up to eight Model 650 tape
drives can be bussed together.

DATA ELECTRONICS
The basic data electronics provide lor “transparent”™ opera-
lion, i e, "data out” is a replica of "data in”, The eleclronics
have been optimized for the ANSI specification: 1600 bpi
phase-encoded, 30 ips.

CARTRIDGE REMOVAL

Removal can be accomplished by energizing the EJECT line
(immediate ejection) or commanding an UNLOAD operation
(high-speed rewind 1o BOT lollowed by automaltic ejection).
The Model 650 also fealures a manual UNLOAD button, the
operation of which can be faclory-installed to provide one or
more ol these ways:

*Allow dala cartridge ejection only under controller com-
mand.

*Allow manual data cartridge ejection when power is off,
*Allow dala cartridge ejection when not selected.

PROTECTIVE INTERLOCK

The molor cannot be driven unless a dala cartridge has
been loaded, the tape drive SELECTED and READY.
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CONTROL FUNCTIONS & SEQUENCE

The Qantex 650 control electronics include all necessary
circuitry to simplify the system interface. The OEM-oriented
functions are:

REWIND The tape drive reverses to BOT (80 ips),
then moves forward (30 ips) to the Load

Point.

The tape drive reverses o BOT (90 ips)
then automatically ejects the data
carlridge.

The tape drive moves forward to the Load
Point! (30 ips)

Shows the dala carlridge is in place and
and in.crnal LEDS are on,

FILE PROTECT Shows the data carlridge lile protect ring

checked as "SAFE", Wriling is inhibited
in "SAFE" position.

UNLOAD

LOAD

READY

AUTO LOAD The tape drive automatically advances to
the Load Point upon data carlridge inser-
tion. This is a programmable function.

WRITING This operation is automatically inhibited

with the lape drive in reverse.

BOT After deteclion of BOT, the tape drive au-
tomalically advances 1o the Load Point
{except when commanded to UNLOAD).

This allows user 1o command immediale
data carlridge ejection,

PHASE DECODER OPTION

The Phase Decoder option provides a clock pulse asso-
cialed with Read Data to enable the user to strobe NRZ
data out of the drive. It detects and strips the preamble

EJECT

and also provides ALLOW DATA and DATA PRESENT sig-
nals. This circuitry allows reading tapes whose density
varies by more than +15% from the standard. This option
is not required when utilizing the Qantex Tape Formatter,

STATUS DISPLAY

The optional status display provides four indicators to give
visual indication of the current status of the Qantex 650 tape
drive:

SELECT Indicates the tape drive hac been selecled by Ine
controller.

READY Indicates the data carlridge is properly inserted
and internal LEDS are on.

SAFE Indicates an inserled data cariridge is file pro-
tecled.

BUSY Indicales the tape drive is Writing or Reading
or is performing an internal operation, i.e. Load-
ing/Unloading, Starling/Stopping or Rewinding.

MAINTENANCE

The Model 650 is totally “conneclorized" to facilitate servic-
ing. The eleclronics is contained on two printed circuit
cards within the drive.

Qantex

DIVISION

NORTH ATLANTIC
iINDUSTRIES. INC.
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SPECIFICATIONS

Data Carlridge (3“ DC J00A. ITC 'I'C ?000 WABASH Quadroni_l

ﬁ_édoi 650 1,.',,. Drive -
Speed 30 ips, write, bi-directional read

90 ips, bi-diteclionnl search lnd rewind
g:f,:,’,‘;"" 1600 bpi. phase encoded. 3200 fel
Number S
of Tracks L.2,0r4

Transler Rll. 40 000 bmllecond @ 30 ips

Head Typo ~ Standard—Dual gap, read after write
= Optional—-Selective erase
Start-Stop At 30 ips, 30ms
Time At 90 ips, 75ms
Start-Stop At 30 ips, start =0.58", stop = 0.16"
Dnstmco At 90 ips, start =3.15" nom,, stop = 1.4" nom,
Long Torm
Speed Variation +3%
Interface DTL/ATTL, Low Tru.
‘ +5VDC +3%, 1A, ma =
Power + TBVDG < 5% 250mA idle, 1.3A run
(ophonally * 12V, changes spec.)
Note: 3 5/ surge required during start and stop time from

_either plus or minus supply voltage, = 18V,

Dlmenmont

With Electronics 3-1/8"Hx 7" W x 10 D
Without Electronics 3-1/8"Hx 7" W x 8-1/4" D
Bezel Dimensions 3-3/8"HxB"Wx 5/8"D

Fo: standard Camudge Tape Drive order: Model 650

Ordering Number:

For Carindge Tape Drive with opticns, review the following

section an

Qantex ...

complete th» ordering number with no blanks,

Mode!l 650-XT/XXX-XPC-XE-XB/XD-XL-XS-XT-XP
-XT (Number of Tracks)

Specify 4T (std -~ Y
| o
1T %,

/XXX (Type of Head) 4

Specily /DGH -Dual Gap Head (std)
/DGE —Dual Gap/Frase
/XXX ~None

-XPC (Electronics)
Specily 1PC —Servo/Data PC Board

2PC —Servo/Data & Control PC B oards (std)
XPC —None

-XI , _pe of Ejection)
Specily 1L —Manual eject only

2E —Manual and Controller eject (std)
3E —Controller eject only

NORTH ATLANTIC
WDUSTRIES ING.

Tape Computer gndo magnetic tape - length 300
(91.44m) of useable storage

ﬁecoidmﬁ 1600 bits per mch phuo encoded or 3200

Denuity ﬂu: reversals per inch,

Number 4 -Datais r-:corded-l;rialiy on one track

of Tracks atatime

Capacity 2,880 000 bytes (8 bll pef byte) of non
formatted data

T_npa Position

Holes are provided in the tape for optical

Sensing sensing of BOT (Beginning of Tape), Load
_ _ Poim Early Warnma and EOT (End of Tapcl
File Protect Screwdriver or fingernail activated window

Tempclatuu
Humidity
Operalmg LnIo

Consiruchon

Ss—ll

Weight

“HOW TO ORDER THE MODEL 650

f;.L{s‘
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provided

—— - -

+5°C o 4 45°C

20% to 80% nzn-condensing

5, 000 passes (BOT 10 EOT} lypu:ll

High impacl plasllc cover over heavy gauge
metal base plate

4% 6x0665in, (1016:1524 Wmm)

8 ounces (266.8 g)

-XB (Bezel)
Specily 1B - S. wndard Bezel (horizontal Iabel) (std)
2B - Standard Bezel (vertical label)
3B - Standard Bezel (horizontal label —no Q)
4B - Standard Bezel (vertical label -no Q)
5B — Standard Bezel (custom label)
XB—~None
/%D (Status Display)
Specily 1D -4 Indicators (std)
20— 3 Indicators (i e. no Selec!)
XD ~None
-XL. (Auto Load)
Specify 1L—Tape to LP (sid)
XL ~ None
-XS (Unit Select Coding)
Specily 18 -Factory Programmed
25 —Built-in Programming Switch (std)
XS ~None (customer mus! jumper program)
-XT (Terminator)
Specily 1T — Terminator Sockel w/Network (std)
2T —Terminator Sockat w/o Network
3T -Factory-Wired Terminalor Network
-XP (Phase Decoder)
1P ~Provided
XP—None
Connecling Cables:
Power Cable P/N 786009-1
Data Cable P/N 786009-2 (If Model 650 is used
with Qantex Foimaller, use Formatter Connecting
Cables, P/N 786010-1 !hrough l)

Litho USA 5/77

60 PLANT AVENUE, HAUPPAUGE, NEW YORK 11787

516-582-6060 « CABLE: NOATLANTIC » TWX: 510-227-9660



FEATURES

Resolutions up to 1280 x 1024 pixels

¢ Interfaceable to any 8, 16 or 32 bit host
computer

¢ Command /0, DMA and RS-232 to host
computer

* Self-contained B0 nsec cycle time micro-
processor for app!'cations programming

* Composite video oulputs

* Grayscale look-up table; display 256

simultaneous gray levels selected from
4096 levels

e Color look-up table; display 1024
simultaneous colors selected from moere than
16 million combinations

e Either 30 Hz interlaced or 60 Hz non-
interlaced refresh

* Very high speed randovn pixel updating;
memory is x, y addressable

* Upto8ditferent simultaneous monochrome
outpuls

Cursor size and shape are user-definable
Alphanumeric character generator
Special characters and symbols
Gamma-corrected grayscale video output

Instantaneous, non-destructive zoom; 2x, 3x,
4x, 5x . . . upto 16x selectable
* Selectable margins

.....

- m_:.“ Enxidata
SO %? Earporation

4-directional scrolling

Memory readback

Housed in its own compact chassis with
power supply

FAST RANDOM
DISPLAY PROCESSING

The Lexidata System 3400 offers uniquely
flexible and powerful Image/Graphics process-
ing for low, medium and high resolution raster-
scan requirements. Combining very fast (750
nsec/pixel) random updating via a separate
dedicated memory controller with a fully pro-
grammable B0 nsec cycle time microprocessor,
the 3400 is the perfect answer for ultra-high
speed applications. For the first time ultrasound
and nuclear scanning, weather radar, flight
simulation, color graphics, etc. can be handled
fast enough by raster-scan technology.

Fulfilling its role as a very intelligent peripheral,
the 3400 operates with a minimum of host CPU
interaction., Compact packaging provides a
single-chassis design with self-contained power
supply and cooling. Interfacing the 3400 is a
matter of plugeing in a standard cable connected
1/0 card into tae user's host computer.

SYSIEM 3400
VIDEO
IMAGE
PROCESSOR
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POWERFUL
IMAGING FUNCTIONS

Design Considerations

The System 3400 will interface to any 8, 16 or 32
bit host computer over DMA, Command /O or
RS-232 links. It can accept data rates as high as
2 megabytes/sec which is faster than most
minicomputer data output. Its memory is
organized in logical planes of 320 x 256, 640 x
512 or 1280 x 1024 pixels. Each memory plane
may be configured to be part of the Graphics/
Image Memory or the Overlay Memory. The
system allows up to sixteen 320 x 256 or 640 x
512 memory planes for color or black-and-white
viewing. The system also allows up to four 1280
x 1024 planes for color or black-and-white
viewing. All memory is x, y addressable.

Functions such as blinking between two or more
images to aid comparison, automatic cycling
between multiple stored images to create movie
picture, multiple magnitude zoom, scrolling, or
image manipulation through look-up tables,
make the ¢ ,/stem 3400 a versatile tool for
convenient display of Image and Graphics data.

-1 T

16 DATA [ivES
_ STROBE

DATA ﬁ;p&d
INPUT

r et imis] ovsumsvo
HO‘ S 4

cPU bu-"r-ég INTERFACE
LATA B3 A |
INMIALIZE
<TART rmw@
TR wn:>
RS

Standard High Speed Interfare: suitable for 1/O
to DEC, DG, Interdata and «ther popular cpu’s.

Software support for the System 3400 includes a
set of FORTRAN callable subroutines. These
routines all run in the 3400 microprocessor and
thus require minimal processor overhead in the
host computer. In addition, users can custom-
program the system in a powerful micro-
processor ASSEMBLY language to meet format,
process, storage, retrieval and output demands.
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FLEXIBLE ROUTINES

The System 3400 resident Interactive Display
Opriating System (IDOS) incorporates the
following FORTRAN callable subroutines:

Set Display Margin (MARGIN)

Display Zoorn (ZOOM)

Display Movi2 (MOVIE)

Generate Look-Up Table Ramp (LUTBL)
Look-Up Table Block Write (LUTWT)
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Look-Up Table Block Reau (LUTRD)
Clear Display (ERASE)

Select Display Channels (CHSEL)
Display Vector (VECTOR)

Random Write (POINT)

Display Rectangular Limits (RTLIM)
Send Data To Display (SEQW)

Get Data From Display (SEQR)
Ranrdom Pixel Read (RANR)

Set Alphanumeric Display Parameters (SAO)
Display Text (TEXT)

Echo Data From Host (ECHO)

MEMORY b WIE-UP ) o\yﬁ?f el rv
ONDILER TRV M
(PAL'S) INIToR

RELIABLE

The System 3400 is »ui!t to give you long,
uninterrupted, trouble free service. All com-
ponents undergo strict quality assurance (mil.
std. 883 for digital components and mii. std. 750
for transistors). Final testing includes an exer-
cised burn-in for a minimum of 168 hours which
eliminates infant mortality problems. Leridata
systems are extremely reliable.

ement: uplo Bdifferent
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SPECIFICATIONS

Video Output: Standard RS-170, or RS-343A or
any non-standard composite sync and blanking.
0 to-1 Volt into 75 Ohms. Max horizonta
frequency is 33.5 KHz.

Refresh Rate: Either 30 Hz interlaced or 60 Hz
non-interlaced. Also for overseas 25 Hz inter-
laced or 50 Hz non-interlaced available.
Alphanumerics: Standard 5 x 7 (inside 8 x 8 box)
gives B0 characters per line by 64 lines for 640 x

512 resolution, Special character options
available,
Cursor (Option): Size and shape of non-

destructive cursor is user-loadable within 64 x 64
matrix.  Also full screen cross-hair cursor
selectable.

Grayscale Look-Up Table (Option): Program
controlled mapping of either 10, 11 or 12 bits of
intensity data to B bits of gray=cale video output.
Up to 256 levels of gray can be displayed
simultaneously, selected from up to 4096.

Color Look-Up Table (Option): Program con-
trolled mapping of 10 bits of Intensity data to
three 8-bit video outputs, one each for the red,
green, and blue guns of a RGB color monitor. Up
to 1024 colors can be displayed simultaneously,
selected from 22 -1 combinations. A grayscale
look-up table may be operated in paraliel to a
color look-up table,

Picture Memory: Standard Configurations

110 16 bits per piael
110 V6 bits per pinel

256 u 250 plame
AN s 256 piaels
640 & 2% pirels
S12 0 512 piaels
640 & 517 piaels
1024 5 1024 pinels

11016 buts per pingd
110 16 bits per pinel
11016 bils per piaed
V1o 4 bits per piael
1280 5 1024 piaein 1o 4 bils per piasl

Input  Device Options: Interfaced via host
computer or 3400 — Joystick, Trackball, Key-
board, Light-Pen, Data Tablet, Video Camera,
RS-232.

Applications are many, varled and Incrensing:

Interpolator (Option): Hardware Iimplemented
linear interpolation on 2x or 4x zoom,

Pixel Update Times: Based on averag? time to
update System 3400 Picture Memory from new
data in host computer memory —

Random or Sequential Update; 750 nsec/pixel
Random or Sequential Readback; 1 usec/pixel
Vector Drawing Time: Set-up: 10 usec;

Drawing: 2 usec/pixel,

Zoom (Option): 2x, 3x, 4x, 5x, 6x . . . up 1o 16x
selectable over screen area without destroying
original stored image in refresh memory,
Scrolling (Option): 4-directional scrolling of
image without host interaction,

Blinking (Option): User-programmable blinking
rate.

Interfaces: DMA, Command 1/0 or RS-232 Inter-
face options to any 8, 12 or 16 bit parallel link;
a 32 bit minicomputer will operate with the
System 3400 through a modified 16 bit parallel
interface.

Software: FORTRAN callable subroutines as
described earlier are provided with each System
3400 purchase. Custom software programming
is also available from Lexidata,

Data Transfer Rate: Up to 2 Megabyles per
second from host compuler,

Gamma Correction (Option): Factory program-
med to user specifications,

Power Requirements: 110/220 VAC, 50/60 Hz,
2.5A at 110 VAC.

Power Consumption: 300 W average.
Environmental Requirements: Temperature 0° to
55°C operalting, -35° to 70°C storage,;

Relative humidity to 90% operating, to 95%
storage (non-condensing),

Altitude to 10,000 ft. operating, to 50,000 ft.
storage.

Dimensions: 5% " high x 19" wide x 25" deep.
Weight: 50 pounds including power supply.
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APPENDIX B

DESCRIPTION OF NATURAL RESOURCE SYSTEMS AND
AVAILABLE EQUIPMENT IN ALABAMA AND TENNESSEE
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APPENDIX B
DESCRIPTION OF NATURAL RESQURCE SYSTEMS AND
AVAILABLE EQUIPMENT IN ALABAMA AND TENNESSEE

Alabama and Tennessee both have natural resource information

retrieval systems to which they wish to add Landsat digital data input

capablility. These systems and the existing equipment available in

each state are discussed below.

Alabama

Alabama's system is known as the Alabama Resources Information
System (ARIS). ARIS provides an automated geographic analysis and
computer mapping system to aid planners and decision making personnel,
The system is built around a computer accessible, uniformly structured,
and self-indexing data base. A decision maker, using lhoth ARIS soft-
ware and a complete description of the resources area (data base),
can develop the proper relationships which lead to possible altorna-
tive approaches to a problem. Tterations consisting of varied sets
of views of the geographic and "ather vesource information, coupled
with an analysis of the importance and relationship of the information
components, can lead to feasible solutions.

The ARIS project is housed at Auburn University, Auburn, Alabama.
ADO has access to ARIS by means of a Digital Model LA-306 Decwriter LI
hardeopy terminal installed at ADO's Montgomery office. Major ARIS
processing is performed at Auburn on an IBM 370/158 computer (to be
replaced with an IBM 3031 or 3032 sometime duving the middle of 1979).
Peripheral equipment includes model 3330 and model 3350 disk drives,
model 3400 nine channel tape drives, a number of remote and on-gite
line printer/card reader/computer controlled printing card punch
centers, and an extensive network of time sharing option terminals,

In addition to printed and CRT output displays, an electrestatic
printer/plotter is connected to the system.
.o The need exists for some mode of inputing data from the proposed

digital Landsat processing system divectly into ARIS. A Wang mini-




pist

computer at Auburn which is connected to their main IBM computer wmay
provide the link between ARIS and the Landsat analysils process. The
Wang is a model 220C minicomputer which presently consists of a CPU
having 12k bytes of RAM memory, a 100 lpm printer having a 120
character line width, a double flexible disk drive utilizing single
density read/write heads, and several interfacing units, Among the
several interface units is one which will permit interconnecting the
Wang through the time sharing option system with the IBM 370/158
computer. Data transfer through that connection will be slow, but
feasible. The Shugart disk drive is double in that two diskettes
can be simultaneously used and can store 256k characters on each
diskette, Record length is fixed at single sector addressing with

each sector storing up to 256 bytes.

Tennessee

Tennessee's resource information system is known as the Natural
Resources Planning Aid System (NRPAS). NRPAS is based on a software
system known as MINIS (Multipurpose Interactive NASA Information
System), MINIS was developed at MSFC, Huntsville, and later relocated
to the University of Tennessee, Knoxville, where it was modified to
run on UT's DEC-10 (Digital Equipment Corporation's Model 10 computer).
It has since been relocated to the University of Tennessee, Naghville.
Access to the system by TSPC is afforded by the installation of two
remote terminals (DEC-VT 52 CRT and DEC LA-36 printing terminal) in
the TSPO Nashville office with connection via telephone lines to the
host computer.

The MINIS is an on-line, generalized data management system and
will accommodate fixed length regords with up to 500 data fields and
as many records as the host computer's mass storage will permit. The
system is constructed of interactive modules with each major function
being invoked by user requests in the Data Base Access Language (DABAL).
The DABAL provides the capability to construet sets, perform calcula-
tions, define new variables from combinations of data base fields and
other variables, sum z variable or field within a set, and summon any

of the other system modules. The modular structure of the MINIS,
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which 1is an efficient means of supporting the features and functions
of the system, establishes a base to which additional features are
readily adapted.

If TSPO should decide to access UTSI's digital processing
capabilities rather than a stand-alone system, the following equip-
ment: is available. The UTSI digital capabilities are centered around
a Cal Data I Computer System, a 16 bit machine with a cyecle time of
850 nanoseconds. All peripherals on the Cal Data are attached to a
bidirectional bus shared by all elements of the system. The present
configuration supports 48K words of mapped memory. An extensive
instruction set allows for extra manipulation of floating point
numbers including hardwired multiply and divide.

The random access storage devices for the system consist of two
Wangco 100 TPI series T magnetic disk drives and accompanying con-
troller. Each drive incorporates a permanent disk as well as a
removable cartridge of the IBM 5440 type. Each plotter has a capacity
of 2.5 megnbytes and is treated as a separate device by the system.
Thus, the maximum on-line disk storage provided is 10 megabytes.

A Digi-Data 1730 magnetic tape unit and controller provide the
ability to work with large sequential files as well as to archive
such data as maps or photos. The unit operates at a speed of 45
inches per second and can read and track IBM or DEC-formatted magnetic
tape at either 800 or 1600 bits per inch.

A Versatec 2160A Matrix electrostatic printer/plotter carries out
most of the system's production of maps. The system conscle is the
Decwriter II. This terminal allows on- or off-line gperation at a

rate of 30 characters per second (300 band).
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