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1.0 Introduction

The Cartographic EBR System delivered in May 1978 to 
V

the Defense Mapping Agency Aerospace Center (DMAAC) , St.
Louis , Missouri by Image Graphics, Inc., (IGI) under Sub-
contract No. FP-1003-6 with Synectics Corporation (SYNCO),
is the principal cartographic output device of the Charting ,
Publishing and Air Facilities subsystems of the Automated
Air Information Production System (AAIPS) , as shown in
Figure 1-1.

The subcontract reported on herein, was to design ,
fabricate, install and test an advanced large format,
Electron Beam Recorder (EBR) for the production of computer
generated master recordings on film, which are subsequently
used to produce the following Flight Information Products
(FLIP):

.Enroute High Altitude Charts
•Enroute Low Altitude Charts
•Low Altitude Instrument Approach Procedure Books
.High Altitude Instrument Approach Procedure Books
•Low Altitude Instrument Departure Procedure Books
•High Altitude Instrument Departure Procedure Books
•IFR Supplements
.VFR Supplements
•General Planning Books
.Are a Planning Books
•Area Planning - Special Use Airspace Books

Some examples of Cartographic EBR recordings are shown
in Appendix A.

A large format EBR was selected as the cartographic
ou:put device because it is ideally suited to consistently
achieve the high performance and recording versatility
required for this application. Comparative evaluation of
the performance capabilities of electron beam, cathode ray
and laser recorders clearly indicate’s that the electron beam
recorder is the only computer controllable output device
capable of meeting the accuracy , resolution and throughput
requirements. The EBR also possess many desirable features
which are important in a production environment ; such as: 

V

.Ease of operation

.Long term reliabil ity

.Low downtime for repair and maintenance

.Long term performance stability

.High degree of flexibility in plotting modes such as
vectors , graphic arts , symbols and raster scan gray
shading

- ‘ V  V ’  V
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2.0  System Configuration

The AAIPS Cartographic EBR System is a complete stand-alone system ,
as shown in Figure 2-1 capable of producing hard copy of FLIP products
on film at high speed . The Cartographic EBR System normally operates of f-
line using digital data from magnetic tape input to the system, as
illustrated in Figure 2-2 and consists of four functional sub-systems.

Input Section
Control Section (CPU)
Data Translator (SVG)
Recorder Unit

2-1
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3.0 Computer Controller

3.1 Overall Configuration

The overall Computer Controller , shown in Figure
3-1 , consists of Digital Equipment Corporation (DEC)
hardware and software ; a Tektronix Graphics Display and
IGI Control hardware and software.

PDPI1T/34 Central Processor Unit V

•64K of 16 bit read/write parity core memory
‘Programmer console
~Automatic power fail detection/restart capability•4 level automatic interrupt
‘Line frequency clock
Multi.-device automatic bootstrap loader
‘Extended instruction set (hardware multiply

and divide)
‘Memory management
‘Current loop (20 ma) serial line interface
‘Kit liD direct memory access interface kit
•DL Asychronous interface (300 baud line)

• . RK11 dual disk drive including two RKOJJ disks
•Peripheral mounting panel
. TE16 tape control and TE16 9 track 800/1600 bpi
tape transport

.LA36-CA decwriter II console terminal

.Graphic display terminal (Tektronix Model 619 CRT)

.Operating system software (DEC RSX11M)

3.2 Input Section

The Input Section to the Cartographic EBR consists
of a 9 track magnetic tape system and a keyboard console.

The magnetic tape is a TE16 tape control with a
TE16 selectable 1800/1600 bpi which accepts industry standard
1/2” magnetic tape and operates at 45 ips. The master
tape control can be expanded to operate up to eight tape
drives. The keyboard console is a Decwriter II terminal
which can be used as an auxili ary input/output (I/O)
communications link with the CPU.

3.3 Central Processino, Unit (CPU) and Memory

The CPU provided is a basic binary processor with
16 bit word and 64K words of core memory . The memory size
may be expanded up to 128K words of core. The CPU possesses
memory management with address capability of 18 bits; and
extended arithmetic capability (hardware multiply and divide)
It combines operating data and plotting instructions to the
Data Translator (SVG) to generate and position characters ,
symbols or vectors.
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3.4 Mass Data Storage

In addition to the 64K of core memory , the Computer
Controller contains two RKO5 magnetic disk drives (each with
a storage capacity of l.2M words). One disk is used to
store the RSX11M operating software package and the other
software programs which control character/symbol and vector
generation (i.e. Font Library Update (FLU) and Vector/Symbol
Plot (VSP)). The other disk is used to store digital
representations of character and symbol fonts. This disk
can store up to 40 fonts of 100 characters or symbols.

The RKll magnetic disk controller can be expanded
to control up to eight ]..2M word RKO5 disks.

3.5 Interfaces

The computer controller is interfaced to the
Data Translator via a direct memory access channel (KIT liD)
and to a Decwriter II console terminal through an asychronous
serial interface.

3.6 Software

The software packages provided with the Cartographic
EBR System are:

(a) RSX11M-Ooerating System - DEC
(b) FLU-Font Library Update - IGI
(c) VSP-Vector/Symbol Plot - IGI

A brief explanation of each of the IGI supplied
software packages is given below :

1) Font Library Update (FLU) - This routine is
used to create digital font libraries on disk from properly
formatted font tapes. FLU can maintain fonts on disk , i.e.
add , delete, display and list symbol data in addition to
performing minor editing by changing font data words in
memory and writing modified data back to disk.

2) Vector/Symbol Plot (VSP) - This routine
controls the plotting of data from an SVG formatted data
tape. VSP also has two submodes , listed below :

a) Normal VSP - Allows user to locate 
V

spec ific files and pages of data on data tape, dump selected
portions of tape and plot entire or selected portions of tape.

b) De-Bug Mode - Allows interactive plotting
via alphanumeric console commands or ore-stored commands
which can be placed on disk via the RSX11-M text editor .
All SVG input commands can be exercised via the de-bug mode
command set. 3...3 

~~~~~~~~~ —-~~ —~“
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4.0 Data Translator - Symbol/Vector Generator (SVG)

The Data Translator circuits of the AAIPS EBR System
are contained in the Symbol/Vector Generator (SVG), Model
lOOA. The SVG converts digital data from the computer
controller into analog signals which drive the EBR.

The SVG includes all of the circuitry for:

(a) Character and symbol generation with variable
size and orientation control.

(b) Vector generation in incremental and stroke
vector modes with variable line width control.

(c) Automatic intensity control.

(d) X - Y random positioning .

(e) Other controls and interfaces for the EBR.

All scaling of character and symbol sizes and posit-
ioning of characters with the proper orientation and exposure
level ; all line work and map features with the proper line
width, orientation and exposure level; and all random
positioning, is accomplished with the SVG .
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5.0 Graphic Display Terminal

A Graphics Display Terminal has been provided to allow
viewing of the data being plotted by the EBR during the
recording process.

The display is a Tektronix 619 storage display which
is interfaced directly to the SVG via an analog adapter
interface.
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6.0 Electron Beam Recorder

6. 1 General Description

An Electron Beam Recorder (EBR) is an instrument
which converts electrical signals representative of map
features, alphanumeric characters , graphic plots or variable
density pictures into latent images on electron sensitive
film. The latent image is formed by exposing the film with
a precisely controlled, finely focused electron beam. An
EBR may be regarded as analogous to a cathode ray tube (CRT)
recorder where the lens and the phosphor faceplate have
been removed and the recording medium placed in the vacuum.

An IGI, Series 2000 EBR, is shown schematically
in Figure 6-1. It consists of a high resolution electron
gun , an electromagnetic system for focusing , deflecting and
controlling the electron beam , a film transport mechanism
for handling various film media , a fully automatic vacuum
system which maintains suitable vacuum in various parts of
the recorder and a number of highly regulated power supplies ,
electronic circuits , and monitors. Operation control
functions of the EBR 2000 have been kept to a minimum and
are readily accessible to provide the operator with convenient
control and ease of operation. Modular construction provides
‘ease of maintenance , trouble-shooting and repair .

Some of the system components within the EBR
cabinet used for the AAIPS Cartographic EBR System are
shown in Figures 6-2 through 6-6.

Various recording media may be used in Electron
Beam Recorders; (a) high resolution fine grain silver halide
electron sensitive film which is processed by conventional
wet chemistry after exposure to electrons ; (b) dry silver
which forms visible images by heat processing after exposure ;
(c) direct recording film which forms images directly on
exposure to electrons and requires no processing whatsoever ;
(d) electro-static films and papers which are processed
with toner solutions; and (e) electron resists which can be

• developed by conventional means.

The recording film selected for the AAIPS Carto-
V 

V graphic EBR is Kodak Direct Electron Recording Film , Type
S0-2l9. V

6.2 Vacuum System

The vacuum system of the AAIPS Cartograohic EBR ,
is a high performance, fully automatic , three stage ,
differentially pumped system which ensures that proper
vacuum is maintained in every section of the EBR.

6—i

I 
‘ 

—- 

‘~~V V V~ V ~~ 
V
~ - ,  

~‘V 

V

‘~~ -~~~~ -~~~~ ~~~~~~~~~~~~~~ .~~~- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ V-V~ “ - V



~~
_V

W 

V__V_ __ V~~~~~~~~~~~~~~~~~ V - V ~~~~~~~~~~~~ V - V _~~~~~~ •~~~~~~~~~ -V-V~~ -V~ -V-V - -  _ _ _ _

zw
0>

~E3
U(0wz

I-
~~ tu

_

_

_ _ _  _  

I

—
~~~~~~~~ . 1  j ~~~(n

I I  _ _ _ _ _ _  
—

U)

° ~~
-

~~~~~

O C.)
4*

“.4o zo 1J

• I!- 0~g~
4_ C_) 
UUi Cl)

I-

-— 

—iii -



_ _ _ _ _ _ _ _ _  
— -—-—-V—-V —-V.- — U,

Since the EBR vacuum system is fully automatic ,
no prior vacuum technical background or experience is
required to operate the EBR. The operation of the entire
vacuum system, once power has been turned on, is controlled
by two pushbuttons on the EBR Operation Control Panel.
As operational vacuum is attained in each of the three
principal àections of the EBR, vacuum status is displayed
on the EBR Operation Control Panel by indicator lamps.

The warm-up time for the vacuum system of the
AAIPS Cartographic EBR, from a cold start to operational
vacuum, is less than one hour. The pump-down time with ~full supply of film is less than 5 minutes . The pumping 2capacity is sufficient to handle the outgassing of 400 cm
of film per mint~te. Typically, the Electron Gun Chamber~~soperated at l 0’  Torr , the Electron Optics chamber at 10
Torr and the Film Chamber at 100 millitorr .

6.2.1 Diffusion Pumps

The vacuum system of the Cartographic EBR uses
two 3-inch, 300 litres/second diffusion pumps, provided
with special fans to minimize the 60 Hz magnetic fields
generated by the fan motors . These diffusion pumps have
very low oil back-streaming rates and in addition, have
been provided with optically dense , high conductance
baffles to minimize oil contamination problems . The baffle
for the diffusion pump connected to the Gun Chamber is

• cooled ‘ thermoelectrically.

6-3
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6.2.2 Mechanical Pumps

Three direct drive mechanical pumps are used
in the vacuum pumping system of the Cartographic EBR.
Two of these oumps, having a displacement of 2.2 and
10.3 CFN, are used as backing pumps for the diffusion pumps,
whereas the third oump , with a displacement of 14.5 CFM,
is connected directly to the Film Chamber.

The following features of the mechanical vacuum
pumps are significant for electron beam recorders :

High Efficiency
Direct Drive
Two-Stage Construction
Oil-Sealed
Anti-Suckback Design
Built-in Safety Valve
High Water Vaoor Tolerance
Vented Exhaust
Compact
Low Weight
Quiet Operation
Modular Construction, for easy servicing in
the field

6-4
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6.2.3 Vacuum Gauges

The vacuum system of the Cartographic EBR
includes seven high performance vacuum gauges. The two
cold cathode discha~ge gaug~s (Varian 860 , with set-point
controls in the 10 to 10-’ Torr range) have been specially
modified to operate with Alcatel CF2P vacuum sensors.
Alcatel vacuum sensors are used in the EBR, in preference
to Varian sensors , because they have lower external magnetic
fields and consequently do not affect the electro-optical
alignment of the EBR.

The other five vacuum gauges used in Cartographic
EBR ar~ of the thermocouple type , operating in the 2 Torr
to lO~~ Torr range. Two of these (Varian 801) indicate the
foreline pressure of the diffusion pumps , whereas the other
three (Varian 810) are provided with set-point controls
and are used in the automatic control of various vacuum
valves in the EBR.

6.2.4 Fail-Safe Features

The automatic sequencing of the operation of
all the vacuum valves is very simple and fail-safe. It is
controlled by the output of the vacuum gauges which measure
the actual vacuum in every section of the EBR and is not
controlled by time delays.

The single vent valve is normally closed and
has to be energized to open. Consequently, in the event of
a power failur e , the EBR vacuum system will not be vented
and the hot diffusion pump fluid will not be exposed to
oxidation of the atmosphere.

Since the mechanical pumps are provided with
built-in safety valves, the vacuum sys tem of the EBR will
remain totally sealed and undamaged , should an accidental
power failure occur.

6.3.1 Electron Gun

The electron gun used in the Cartographic
~BR, is a triode of unique and proprietary
design with a directly heated thermionic emitter It
incorporates many of the latest improvements which have
been introduced in the design of electron guns for transmission
electron microscopes, micro-probe analyzers , scanning electron V

microscopes , as well as for electron beam reëorders.
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The aperture in the grid cup (Wehnelt cylinder)
of the electron gun is small resulting in a less divergent
beam and consequently in improved resolution. The grid
cup is provided with precise adjustments for accurately
centering the cathode.

The cathode (directly heated therinionic emitter)
of the electron gun is a TYPE AR filament used for applications
where the ultimate stability is demanded and long operating
life is important. It features a gradated loop configuration
and a unique tip geometry to optimize heat transfer charact-
eristics .

AR filaments (cathodes) are mounted on ultra
stable ceramic bases (not glass , mica or plastic), have
extra short support posts, and are made of a tungsten-
rhenium alloy (not pure tungsten) to ensure ultimate perf-
ormance and a ~~BF of thousands of hours, provided that
they are operated in an adequately high vacuum.

The anode structure of the Cartographic EBR
electron gun is designed to accept commercially available .
platinum apertures used in electron microscopes. The anode
aperture is mounted on a ceramic spacer and is therefore ,
electrically isolated from the gun chamber . Consequently,
the anode current in the Cartographic EBR can be separately
measured and controlled. The feature is essential for all
random plotting EBR applications.

6.3.2 Electron Optic Coils

The arrangement of electron optic coils used
in the Cartographic EBR, is shown in Figure 6-4.

• The electron optic coils consist of an alignment
yoke for positioning the beam through the center of a high
resolution static and dynamic focus coil which focuses the
beam of electrons into a concentrated round spot approximately

• 5 microns in diameter; an astigmatism corrector for removing
residual spot distortion caused by any magnetic asymmetry
in the focus coil; a high performance deflection yoke which
is capable of positioning the electron spot across the
format without introducing any appreciable spot distortion
or spot growth; and a spot wobbler yoke to provide automatic
line width control during plotting . The entire electron
optic column is surrounded by a magnetic shield to prevent
interference and interaction of stray magnetic fields with
the electron beam.
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Since geometrical image errors such as pin-
cushioning are corrected electronically in the Cartographic~EBR, no geometric correction coils or magnets are used .
The deflection yoke has sufficiently low inductance for
high speed subraster generation of graphic arts characters
so that a separate subraster yoke and deflection system are
not required.

6 . 3 . 2 . 1  Beam Alignment Yoke

A beam alignment yoke is used to position the
electron beam precisely along the electro-optical axis of
the EBR. It features a unique coil design which results
in uniform characteristics in both alignment axes and a low
residual magnetism core.

The beam alignment yoke is mounted immediately
in front of the anode aperture, thus minimizing the geometric
image distortions which might occur if the electron gun is
not perfectly aligned.

6.3.2.2 Static and Dynamic Focus Coil

A single gap static and dynamic focus coil
assembly is used in the Cartographic EBR. The electron
beam is focused at the center of the recording format by
a very stable constant current through the main or “static”
winding of the focus coil. Appropriate currents are applied
to the “dynamic” winding of the focus coil to dynamically
refocus the recording spot as it is deflected toward the
edges or corners of the format.

The focus coil is mounted in the EBR sufficiently• far away from the deflection yoke to eliminate spot distortions
caused by the interaction of the magnetic fields of these
components.

6.3.2.3 Astigmatism Corrector

An astigmatism corrector is used to compensate
for the residual astigmatism of the focus coil. Basically,
such a corrector consists of two sets of coils wound on a

I

— common annular core.

In order not to produce a component of deflection ,
the Cartographic EBR astigmator corrector is attached
directly to the main electro-optic components housing so as
to be precisely centered on the electro-optical axis.



6.3.2.4 Deflection Yoke
V The deflection yoke produces the magnetic

fields which precisely position the electron beam across
the entire recording format. The deflection yoke for the
Cartographic EBR uses a low loss, ground, ferrite core
proportioned to provide an anastigtnatic field and to
eliminate higher order beam distortions . A unique coil
winding configuration provides complete symmetry between
deflection axes. Typical focus variations caused by the
end turns of saddle or stator yokes have been eliminated.
Consequencly, using dynamic focus modulation, uniform focus
over the complete recording format can be achieved. The
deflection yoke winding method provides precise placement
of coil turns so as to minimize geometric distortions .

6.3.2.5 Spot Wobble Yoke

A low inductance, air core, Spot Wobble Yoke
is mounted concentrically on the precision ground glass
tube between the Beam Alignment Yoke and the Astigmatic
Corrector , but much closer to the later.

A 10 MHz signal of variable amplitude is
applied to the Spot Wobbler Yoke in order to control the
dfective size of the recording electron beam , thus making
it possible to record lines of variable widths.

6.3.3 Magnetic Shields

The entire electron beam path , from electron
gun to recording film, is thoroughly shielded from the
interference of magnetic fields emanating from other nearby
components , by a two-layer magnetic shield made of high
permeability material. This reduces unwanted beam displace-
ments due the EMI (particularly at 60 Hz) to less than a
micrometer.

6.4 Film Transport

The 5½ inch film transport ,’ which is installed V

in the AAIPS Cartographic EBR is of unique and proprietary
design and is shown in Figure 6-5 it hes a

V recording aperture of 8-9/32 x 5-1/32 inches which is
adequate for recording standard Instrument Approach and
Departure Charts at full scale. This transport features a
curved film gate and constant film tension which ensure a
consistent and repeatable positioning of the recording
f ilm. Advance , for the non-perforated film ,is metered to
a constant length of 10 inches.
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The film transport is provided with an automated
registration hole punching mechanism to ensure the accurate
superimposition of recorded images. The distance between
the two registration holes along the center line of-a film
frame is exactly 9 inches and the diameter of the registration
holes is 0.2500 ± .0002 inch.

The film transport is designed to accept film
wound on large diameter (2 or 3 inch) cores instead of small
diameter spools, thus eliminating deformation of the film
caused by “core-set.”

All materials used in the fabrication of ~he film
transport are vacuum compatible and totally non-magnetic.
The film gate is hard chrome- plated and highly polished to
ensure that the normal operation of the film transport will
not cause any film scratching.

Operation of the frame advance mechanism is
controlled either manually from the control panel or auto-
matically, as the recording of an EBR image is completed.
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7.0 Cartographic EBR System Performance

Numerous recordings made on 5¾” wide film (5” x 8”
format) over a period of several months indicate that the
performance levels shown in Table I, can be achieved or
exceeded on a routine basis.
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TABLE I

TYPICAL CARTOGRAPHIC EBR SYSTEM PERFORMANCE CHARACTERISTICS

Film Type Kodak SO-219 unperforated
Film Size 5-1/2” wide
Film Capacity 100 Feet wound on 3” diameter

cores , emulsion side out
Film Transport Single/frame pull down with

registration punches
Registration Holes Two 1/4” holes, 9 inches

bounding each frame
Film Pull Down 5 secs
Minimum Line Width 6 urn
Variable Line Widths 6 to 261 urn with 8 bit (256 levels)-
(EBR Image Scale) control, in 1 urn increments
Character Sizes 8-250 mils
(EBR image scale)

• Character Rotation 10 Increments
Beam Position 19,859 x 32 ,768 address matrix

over a 5” x 8-1/4” format area
Congruity of sequential ±.0037o of full size of image
images
Geometric Fidelity ±.0l~ (with software correction)±.057o (without software correction)
Maximum optical density 2.35+
Line density range 64
(gray shades, discernible
steps)

Background density 0.1 density unit
Video Bandwidth DC - 10 MHz
Writing Speeds

Random Points* 40K points/sec
Adjacent Points (IVP) 120K noints/ sec**
Stroke Vectors 10K points/sec

Character Generation Speeds 1K
(Characters per second at EBR scale)

8-250 mils (Graphic Arts) characters/sec (AVG)***
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(Con’ t)

* With 1600 bpi input tapes having maximum blocking fac tors
and not requiring data validation and parometer adjustments .

A A  svc Hardware capable of 125 , 000 points/sec .

*** SVG Hardware capable of generating up to 2,000
character/sec. depending upon character style and size.
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8.0 Conclusions V

The Cartographic EBR System developed by Image Graohics ,
Inc., under this subcontract meets or exceeds the performance
requirements for the automated production of high quality
AAIPS Flight Information Products. The high throughput —

and versatility of the EBR System will ensure the achievement
of future chart production at minimum equipment cost.
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9.0 Recommendations

1. The Cartographic EBR System may be exoanded to
record other types of aerospace imagery , such as high
resolution aerial or satellite reconnaissance photographs .

2. The Cartographic EBR System may be expanded to
record other image formats using 35 , 70 or 105 mm wide
film for a variety of micrographics applications .

3. Investigations should be conducted tO determine
the feasibility of recording a matrix of microimages
(i.e. 16,32 and 64 up) for Instrument Approach and Departure
Charts and then using ontical enlargement to full scale .
This would greatly increase production throughput over the
present method of recording this chart at 1:1 magnification.

4. The use of a special text recording mode -
incorporated in the Cartographic EBR System for producing
various books and manuals should be investigated . The
present character/symbol generators and associated software
are designed primarily for charts and maps where random
positioning , scaling and rotation of characters and symbols
~re important. This technique necessitates the use of
extensive software overhead which reduces the character
and symbol recording rate. In typesetting for books and
manuals data, character placement, size and orientation are
predictable and therefore could be accomplished with a
much lower software overhead and consequently recorded at

V 
V~ 

much higher speed.

5. Since the Cartographic EBR System will be operating
in a production environment and is the only output device
for the three major subsystems of the AAIPS facility , it is
strongly recommended that a back-up system be procured for
current and future pilot production requirements.

6. The advantages of using a higher capacity vacuum
system should be investigated . The present EBR vacuum
allows about 60 frames/hour . This could readily be doubled
or even quadrupled without major design changes.

7. The expansion of the DEC computer controller with
additional memory and peripheral would allow maximum
utilization of the RSX11M Multi-task software operating
system .

9—1

‘V

~ V~~~~~V 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - V ~~~~~~~~~~~~~~~~ ‘V - V ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~
L

__VV

~~~

V

~

VV•_V_ V

~~

V_ _ V~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

10.0 Bibliograohy

1. “Production Specifications for USAF F-l06/MA-l AWCIS
Cartographic Support Material,” RM-26, July 1972.

2. “Symbols for Large Scale Maps,” ANS Technical Manual
No. 23A, Army Map Service , Stock No. 204781, February
1956.

3. “Flip Compilation Tolerances,” “Flip Color Separation
Tolerances,” and “Projection and Grid Tolerances ,”
from ACIC Manual No. 74-1. 0c’,tober 1969.

4. “U.S. Government Specificat±~~s, Low Altitude InstrumentApproach Procedures ,” Interagency Air Cartographic
Committee (IACC), No. 4, July 1971.

5. Sample “Flip Chart” publication, “Low Altitude Instrument
Approach Procedures East United States ,” Vol. 8, Defense
Mapping Agency Aerospace Center , St. Louis, Mo.,
January 1974.

6. Sample “DOD Flip Low Altitude High Speed Training
Route Chart - Western U.S.,” Scale 1” 30 NM,
Defense Mapping Agency Aerospace Center , St. Louis,
Mo., January 1974.

7. “DOD Flight Information Publication (Terminal), High
Altitude Approach Procedures World-Wide,” RM-91,
Defense Mapping Agency Aerospace Center , St . Louis , Mo.,

• V~ July 1972.

8. E.P. Devine, Office of Aeronautical Charting and Carto-
graphy, NOAA/NOS , U.S. Department of Commerce , “System
M. A Proposed Method of Producing Aeronautical Charts
Using Computer Output Microfilm ,” presented at 6th
International Cartographic Association Conference ,
Ottowa, Canada , August 1972.

9. Sample “NOAA Flip Enroute Low Altitude - U.S. , “

Scale 1” = 10 - 12 NM, Interagency Air Cartographic
Committee , Defense Mapping Agency Aerospace Center ,
St. Louis , Mo., January, 1974.

10. “Investigation, Experiments , and Study of Electron
Beam Recorder (EBR) Techniques for Map Production ,
Technical Report ETL-CR-73-15 , USAETL Contract No. V

DAAKO2-72-C-0425.

11. “To Add a Graphics Arts Character Generation Capability
to the Present Study of Electron Beam Recorder (EBR)
for Map Production,” Technical Report ETL-CR-74-l2,
USAETL Contract No. DAAKO2-73-C-O2ll.

10—1

- VV~V V VS ~S - -~, 
V~~ V • V ~~~V_ 

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—~~~ -— --~~~~~~~~~~~ -V-~~~ •~ ~~~~ ~~~~~~~~~ - ‘V ‘V



12. “Graphic Arts Symbol Generating Hardware for a Gerber 
V

Plotting System,” Technical Report ETL-CR-72-14,
USAETL Contract No. DAAKO2-73-C-03l0.

13. “Design and Development of Advanced Electron Beam Control
System,” Technical Report ETL-0032, USAETL Contract
No. DAAKO2-74-C-04l0.

14. P.F. Grosso, “Application of Electron Beam Recording
for Automated Cartography , ” International Conference
on Automation in Cartography, Reston, Va., December 1974.

15. M.H. Gold, P.F. Grosso, A.A. Tarnowski, “Automated
Electron Beam Recorder Cartographic/Graphic Arts
Typesetting System for Production of Color Map Products ,” 

- 

-

American Congress for Surveying and Mapping, Washington,
D.C., September 1974.

16. P.F. Grosso , A.A. Tarnowski, “Recent Advances in Electron
Beam Recording ,” J. Vacuum Technolqgy , Vol. 10, No. 6,
November/December 1973.

17. U.S. Army Mobility Equipment Research and Development
Center RFQ DAAKO2-75-Q-0777.

18. A.P. Colvocoresses , U.S. Geâlogical Survey , “Evaluation
of First Earth Resources Technology Satellite (ERTS-l)
for Cartographic Application,’’ International Society
of Photogranmietry , Sweden , August 1974.

19. Earth Resources Technology Satellite Data Users Handbook ,
• National Aeronautics and Space Administration , Greenbelt ,

Nd , Document No. 71SD4249 , 1972.

20. P. June Mm , IBM, “computer-Aided Mapping Technology
for Geographic Data Base ,” Proceedings of SID , Vol. 14,
No. 1, 1973.

21. R. Bernstein, IBM, “Scene Correction (Precision
Processing) of ERTS Sensor Data Using Digital Image
Processing Techniques ,” Third ERTS Symposium, NASA/GSFC ,
December 1973.

22. “Earth Resources Technology Satellite NASA Data Processing
Facility Format and Content Specification for Computer
Compatible Tapes,” Goddard Space Flight Center , May 1972.

23. “Generation and Physical Characteristics of ERTS MSS
System Corrected Computer Compatible Tapes ,” No. X-563-
73-206, Goddard Space Flight Center , July 1973.

10—2

L _- 
~i. 1=VVt~ •~~ £S~ Va - V 1V:V~~VVVV V ~~~~~~~~~~~~~~~~~~~~~~ -

- - - 
VS_ - - ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ — ~~~~~~~~~~



24. A.A. Tarnowski , “Large Format Widebarid Electron Beam
-
~ Recording , ” Electro-Optical Systems Design Conference ,

New York , September 1976.

25. P.F. Grosso, A.A. Tarnot~ski, “hpplication of Electron
- • Beam Recording in GraphicB,” Electro-Optical System

Design Conference , New ?ork , September 1976.

26. P.? . Grosso , A.A. Tarnowski, “Cartographic Electron
Beam Recording , ” 2nd Annual William t . Pecora Memoi [al
Symposium on Mapping and Remote Sensing Data, Spon~ ~r~dI ASP , USGS , NASA , Sioux Falls , South Dakota, October

- 1976.

27. Physical and Chemical Behavior of Kodak Aerial Films -

Kodak Publication M-63.

28. Physical Properties of Kodak Aerial Films - Kodak
- Publication M-62.

1 

10-3 

1

S ~~~~~~~~~~~~~~~~~~~~~~~~ 
V~ - ~~~~~ V ’  V ~~~~~~~~~~ V V V ~~~VV V~ — -~ —~~~ V - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

L _ _ _ _  
_ _ _ _ _ _ _  _ _



V _ _ _ _ _

APPENDIX A

REPRODUCTIONS OF EBR RECORDINGS USED FOR FLIGHT
INFORMATION PRODUCTS AND TEST PATTERN S
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• (S—BIG 266~ LCZR 109.5/332.6 Olid. Slop. 2.9~. BC onus .. UsabI. ut  88~ IMC. CT 0/8 to
1w,.

• RAOA RØ-ASR/PAR CoIl CLERMONT VOLVIC APP CON.
RAOIOINAV REMAIRP.$-®SpsciaI fTs q , on in.tr . €)Sp.ciol lr.q. Oo~ inslr , ®Gnd tIc s.c rwy.

®0700’-160.OZ Mon—Fri. inc hal. 01 FRI fr Is. Mu P11 OPS d l  Cntr prior 10002 pr.v workday.

V MR 0700— I100Z so Thu soc Is’ Th. of month when toP is 0700-46002. ltd restriction to 1.1 NM
end 350’ fr Ibid.
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54 AERODROME/FACILITY DIRECTORY
8.RAM$TEIN AR. )3M40$ltA9,( OIlMAN’S ((asduIsAsI) 4r26’N O7~a.’R

(Aol ) GMT+ I H-3C- G. L’4~AP 712 ItO, 70. I (Roy 09-27). 9 14100 (ASP) (573, 3 397, 53173, 31323, IDTSOOI (SPAS)
4*614- (160-31 (MA—lA) SIMA-21 (16-321
FUEL A+j4 , 5?, 0.-Ion, *04. 0-126-133-111 SOAP PIESAIN (1403 LOX
A-4(AR

lW’S 09 MA-lA MOO $M(-9(I(®® IAK-I3(Sl’)
(220’ OVRN( (719’) (2091’)

BAX-13(B)G IAX-9(I)G® MA-IA MOO lW’S 27
( 1194’) (796’) (220’ OVUM)

C*PLOSIVCS CAPAUILI’I’T - A/2/29/31/30-S/IQ/SO/330 991 3313/3314
*CROONOM( 1111*211*.- MendsIory 140156 AIATIMENT PRO, lundt .4 6sf end Idg 2100-05001

ety and set b.4or. 12005 5... end Girt.... 1.1 T m.  sd snout s.n end dip II mud lId I.
npd.. If no, WI napl/reled, di IAPCON a. 331.9 or 3233 4.. .me .4 h u t  SO P411 eM.
(1.4... ethntn. .. NM, 41w RsneI.in TCA I. .4, toed so. (Fr? AP/2), Annid Isretsin nip, I NM
NW. uPS only mph . 11w FL? VPI AIR/DIP RET Iseop.. CAUTION- MN .49m m e.g 600’ $ of.wy. Ld 091 edt noun. 1k psI H oh dl ~0t5’s i, 3000’ MSL. eMil 2509’. CAUTION- S.... .
P00 p.obann no Aori.4 Pont ss..p s.d otpcsnn n.y so lap 09. To prss..M fnrsgn .lI4.d
do.,..g. while toniin~ .nln.. oposnIis.oIIy rq, san hOmed ong only end do net .5. r.oni.
lfoss.t or abs dl.. CAUTION- Usd4 seNd.. on tsp. end toy. 9 sod Ion ban I? s.d 103’
bad 3000’ In 2000’ N of di~. nod Roy 27. Roy ho. pains. kidin. sIc ~~~ h~ n~ p.r60SS.d only
on onnorsIn portion, a’s apd. outdo. Radsond ray s.p.rosion old .4 4009’ os oun ho. .toe$sm
parfannone. neft (oIa..ly rabond s’s son, upend and op. d.orocnoioic,) (swap L.,~~~~ l.
VA St Roy 27, TO ph 59’ I. IhIA 500’ pnnr to PAR TO pu P1’ pta. to KS OPt. 05 2S net
,oneidnntiot with FAA OP wilhss. 2 NM of sf44, p4.4 wii ten fly down on PAR OP. VASI TCI4
7.6’. VASI Roy 09. TO p4 650’ lIds, eaindds.shiol wills PAR TO p5. 05 2.5~ T04 214’, 0
Apeh IgI ,ysInss bagin, 2437’ prior so IbId. Whim. mill In.. 116 of R.oy 39 pds Igi ~s.4n.ss aol In.
90 day tail .4 7 Sop 77. CAUTIO94-UFN n.sn.o.os. opds IgI I. Rap 27 .nilsfipsnd. (gI oppsw
to b. not anti dod onerhood. 14.0 sy.i..n In ho needled in 1971. GlInt 796’ Rap 27 s.d
719’ Ray 09 a conwomo. ®b~ oiIing cabin 3” 4,... roy .1.. (0A9d. .ede .ossnsdnd s.d
rigged for no—ole .ngagsn.et Only ohs.. SAk-l3 to 0/S.

COMMUNICATIONS (19*) (P10 367,5)
c RAMSTII$ APP CON€)-247.) 277,21 131,9 SE)

TOWER—.337.0 257.8 123.33 (1)
OND 0014 (65.110 015.1-375.0
NAMSTCIN DC, 0011-242.3 338 9 (1)
MAC AM5.lrT-279,0
WING COMMAND P051-375.5 (262.1) phases pails capability. CS lOON C044110(
51*41 I RADAR 5CC-Ct. APP CON 23 NM oat on 247.5
PMSV~ MKTNO-379.0 Fed tao.

RADIO *406 10 NAVIGATION
TACAN 1)65 Cl..,. II (10/501 4pi26’OI”N 07 35’34”C Al Rd. 071~ 11,3 NM In 5..nbocl. AR. MR

0430-06002 Tons, if AIR o opt.
TACAN onu..

1I0 -190 10-30 MM bIn 10,000’ & byd 30 NM bIas 12.009’
I90~-flO byd 20 MM kb 1000’ 220~—tl0~ byd IS NM bIn. 0000’

(o* on pobI Apch S $10.
ILS—M,P 0700- 11092 TI.,, ond 1300—ISOOZ Fri.

1*0*5-555 TERMINAL PUP PCI RADAR MINIMA.
RADIO/NAy RCM*RIIS-®IFF/$IF-Cte IAPCON ott 247.5 242.3 am 133.9 for ltd do.

R~~lMS/PRUNAY, FIANCE 4r13’N 04 09’C GMT+1(+30T( L4L-YD
CIV 312 14310 (ASP) (566, T105) (1.941)

FUEL®-INC-At)
*150050191 REMARIE$.Opr 0109-11302, 1309-16305 Mon-FM Sen S 1w one rAP isarod.

C5TMS 0/1 24 hr 073O-1I~OZ, 1300- to3OZ. 03300’ .obJ Idg Bay 01. 2756’ n.M fig Ray 23
®0730-1130Z, 12302 In 55-30 Mon-Fri. 0730-31005, 33002 Ia 55-30 Oil, s.. a Isol.

VHF/Dc REINS IOOMER-llI,0

RHEIN UAC/MUAC (EUROcON’TROi. UAC). osletApay
RADARICOII’Th06. (ENDS?)
CIV -314.3n 377.3 357.9. 333 1€) 312.8 270.1 233 3 214.7 242.3 2314. 259.2 133.93. 334.93 134.1

134.3$ 133.63 333.275. 132.775. 132.73$. 333.323. 133. 4 132.1$ 329.53€) (1)
MIL-393.I 327.6
PRANIIFURT 15CT05473.Oo 273.6€)
FULDA SCCTOR-277 7€) 395 in
NATTINNIIM ILCTOR-291 7€) 340.).
IO4.LINQLN I(C?CR-323.1€) 337.7.
1*1100 $CCTOR_394.48) 399 2.
M0llITOR—321.00) 310.0€)

F UP?! VHF/OP 0/I Cii 1.0
R1M*Sl1S-®M.I ~ d f.. ii ma Gasen.. Fr, 53830-2130101 0/I OtlOltis 304 s.d 304 €)

(0)19* 203. 305* end 3051
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