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PREFACE

The work described in this report was authorized by the U.S.
Army [Engineer & Topographic Laboratoriesi Fort Belvoir , Virginia ,
22060 , under contrac t No. DAAG53-75-C-0221 and was conducted by
Image Graphics , Inc . (Id ) under the direction of Patrick F.
Cr osso wi th Andrew A. Tarnowski serving as the Pr ogr am Mana ger .

The contrac t was performed under the technical direction of the
Au tomated Car tograph y Branch , Mapping Developments Division ,
U.S. Army Engineer Topographic Laboratories (USAETL) under the
direction of Howard Carr. Fred Merkel served as the Contracting
O f f i cer ’s Technical Representative .

The following individuals and consultants at IGI made significant
contributions to the success of this program .
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Robert Joseph - Consultant , Raster Scan Translator
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John P. Whi tley
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Section 1.0 Introduction

Dur ing the last several year s the Automated Cartograp hy Branch
(A CB), Mapp ing Developments Division (MDD) ,  USAETL , at For t
Belvoir has been investigating the use of electron beam recording
techniques to further the automation of map production.

The present contrac t , reported on herein , was to design , fabricate ,
and test an advanced Electron Beam Recorder (EBR) intended for use
in making map color separa t ions nega tives and posi tives , which
could subsequentl y be processed into full scale maps of cartograp hic
quality. The Cartograp hic EBR developed under this contrac t
demonstrated the feAsibility of recording and plotting a number of
representative cartographic and other micrographics products ,
such as:

.Individual Minimap color separations*

.Continuous tone imagery from satellite and aerial
reconnaissance sensors data

•Grap hic arts quality textual data
-Fligh t Information Publications (FLIP) Charts
.Simulated Radar Imagery
.Computer generated micrographics such as engineering
draw ings , scientific charts and graphs

.High resolution image processing and enhancement

The Cartographic EBR was shown to be an extreme ly versatile ,
high performanc e electronic recording and plotting system . Its
performance levels with regard to resolution , accuracy, repeat-
ability and dynamic range , permit “state of the art” recording .

The ACB at USAETL is presently conducting further experimental
investigation in the use of the Cartographic EBR to record various
new computer generated map and graphics products.

~Input magnetic tapes for generating all the color separations of
a Minimap are not yet available.

1
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Section 2.0 Technical Discussion

2.1 Cartographic EBB. System Configuration and
Operation

2.1.1 General Descri p t ion

The Cartographic EBR developed under this contrac t
and shown in Figure 1, is a stand-alone , high per formance electronic
recording system which is capable of precision plotting (recording)
high resolution imagery on various electron sensitive media. It
is ideally suited for automated production of computer generated
maps; recording of high resolution sensor imagery; and numerous
other high quality micrographics app lications .

The Cartographic EBR has several modes of operation
which enables the user to evaluate experimentall y the EBR technology
for the automated production of a variety of existing and new map
products.

2.1.2 Modes of Operation

The Cartographic EBR System may be operated in any
one or combinations of the following ways to produc’~ maps or
pictures of various sizes or formats up to a maximum of 8 x 5 inches.

Vector

The Vector Mode is used for plotting lines , grids ,
contour s , rivers , streams , roads , stroke char acters , etc . Vectors
are plotted incrementall y (adjacent points) in either a “starburst ”
mode which allows single or double increments in any one of 8
directions or single increments in a A x  or ~~y direction .

Line widths are selectable from 6 microns (.00025”)
to 250 microns (.010”) wide using a standar d electron gun or from
3 microns (.00012”) to 90 microns (.0036”) using a special high
resolution electron gun .

Figure 2 is a typical examp le of a contour sheet
and a grid overlay recorded with the Cartographic EBR using the
Vector Mode . Figure 3 is a typical examp le of an Aviation FLIP
char t recorded in the Vector Mode .

2
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Symbol

The Symbol Mode is used to compose and record
graphic arts quality symbols for names sheets , text or symbology
using a randomly positione d subraster . Character or s ymbol sizes
can be varied from 5 to 36 points (at final product scale) and
rotated in 10 increments to follow “serpentine ” features of a map .

Figure 4 is a typ ical example of graphic arts
quality characters recorded with the Cartograp hic EBR in the
Symbol Mode .

Ras ter

The Raster Mode is used to record raster scan data
or sensor imagery using either digital or analog rasters. The
digital raster data may be incrementall y recorded point by point
or run length encoded for data compression and higher through put
rates.

The analog raster has four selectable scan rates
which are individuall y variable up to 2000 scans per sec. Image
recording time is dependent upon scan rate selected , image format
and input data.

Figures 5 and 6 are examples of high resolution
images recorded in the Raster Mode .

Figure 7 is an example of a digitized radar disp lay
recorded in the Raster Mode .

In addition , the EBR has two internal Diagnostic
Modes of Operation ~o (a) record calibration test patterns that
can be used to measure resolution , density range , transfer
characteristics and geometric fidelity of the EBR and (b), scan
a special test target located in the film plane outside of the
image area of the 5½inch transport and disp lay an image of the
test target on the CRT monitor in order to check positional
accurac y and stability of the EBR deflection system .

2.1.3 ~ystem Configuration

The Cartographi c EBR System is normally operated
as an off- line stand-alone system using di gital data from magnetic
tape as an input. However , the EBR may be also used on-line with
computers or sensors if suitable interfaces are provided.

6
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Figure 5. Examp le of Image Recorded in Raster Mock (AERIAL)
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The Cartographic EBR System is configured as shown
in Figure 8. It consists of five functional sections:

1. Input Units
2. Central Processing Unit (CPU)
3. Mass Data Storage
4. Data Translator
5. Recorder Unit

Input Units

Inputs to the system are via any of the following:

(a) DEC 7 track , 800 bpi magnetic tape unit
(b) DEC 9 track , 800 bpi magnetic tape uni t
(c) ASR 33 teletype
(d) Adage Terminal Keyboard

Central Processing Unit (CPU)

The CPU provided is a Digital Equipment Corporation
(DEC) PDP 11/05 minicomputer which is a basic binary processor
with a 16 bit word and 32K of parity core memory with extended
arithmetic capability (hardware multip ly and divide). The CPU
combines operating data and plotting instructions to the data
translator to generate and position symbols , vectors , point p lots
or continuous tone data.

The CPU controls the digital data which is then
converted into analog signals which in turn precisel y control the
electron beam .

Mass Data Storage

A DEC 1.2 million word disk is provided for storage
of operating progr ams and digitized representations of type fonts
and symbols. The disk can be used as an on-line library for fonts
containing 100 , 18 Pt. characters.

Additional disks (up to 8) can be added to the
controller to expand storage capacity for additional software
progr ams or Font Libraries.

11
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Data  Translator

The following Data Translator Circuits of the
Cartograp hic EBR conver t di gital data into analog signals which
drive the EBR .

a. Vector Generator
b . Graphic Arts Symbol Generator
c. Random Positioning Unit
d. Raster Scan Translator
e. Controls

Recorder Unit

The Recorder Unit is an electron beam recorder
(EBB.) which converts electrical signals into latent images directl y
on electron sensitive film. The film is then processed using
conventional techniques.

2.1.4 System Operation

The Cartographic EBR System operation is dependent
upon the recording mode and type of output image to be produced.
As described above , there are three recording modes: vector ,
character and raster.

Vector and Symbol

Vectors and symbols are generated by two hardware!
software subsystems : the High Resolution Graphics Generator
and the Digital Symbol Generator as shown in Figure 9.

Major components are:

1. High Resolution Graphics Generator
2. Digital Symbol Generator
3. System Software
4. Data Tapes and Font Tapes
5. Random Access X-Y Positioning Unit
6. Electr on Beam Recorder

13
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High Resolution Grap hics Generator

The High Resolution Grap hics Generator contains:

1. Seven-track Magnetic Tape Transport
2. PDP 11/05 Computer with 32K of Core Memory
3. AASR 33 Teletype
4. ARDS 100B Storage Disp lay
5. Micromap System and Symbol Generation

Software

Input to the high resolution ~ r a p hics  ~‘enerator
is in the farm of computer-generated digital tapes with map
data. The seven-track , 800 hits per inch , industry standard
magnetic tape is read by the 45 inch per second DEC Model TUIO
tape reader and transferred to the core memory of the DEC PDP
11/05 minicomputer controller . The ASR 33 teletvpe is emp loyed
to program the minicomputer with a variety of software routines
and to control the selection of tape from the magnetic tape
reader. The minicomputer computes the positioning and vector
information from the raw digital data and transfers these signals
to an Adage Corporation , Model ARDS I OOB vector controller and
interface. X-Y signals are introduced into the 32K x 32K random
access beam positioning system in the EBR which provide over one
billion addressable points for a sin~ 1e frame . Vector information
in the form of absolute and delta digita l numbers are converted
into analog signals that drive the deflection amp lifiers in the
EBR to provide X and Y positioning of the electron beam . The
grap hics generator input subsystem to the EBR also provides
write commands (z axis modulation).

An ARDS b O B  storage cathode ray tube disp lay
with its keyboard is used to monitor the plotting beam and to
review the dig ital data and software routines from the magnetic
tape , and may also be used to select the data to be recorded by
the EBR.

The operating system software commands , resident
in the core memory after transfer from disc , control map generation
and symbol generation. These commands instruct the logic circuitry
in the high-resolution graphics generator to send the proper
sequence of input signals to the EBR system for cartograp hic
recording .

15
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Digital Symbol Generator

The Digital Symbol Generator contains :

1. Symbol Control Logic
2. Symbol Video Generator
~~. Electronic Scaling of Symbol Size
4. Symbol Rotation
5. Sweep Generation and Brightness Contro1
6. A Direct Memory Access Interface , to

efficiently transfer data from the computer
to the symbol generation hardware

7. A Disk System interfaced ~~ the PDP 11 / 05
computer ; the disk stores the font librar y

8. Expansion Chassis and Power Supply , to 
0

accommodate core memory , core used for
limited font stora~ e

9. Mu ltip ly and Divide Hardware , for computation
of symbol location

The symbol control logic interfaces to the direct
memory access channe l in the PDP 11/05. It then directs and
distributes the control information and digital svrn~ ol information
to the other logic blocks in the symbol generator .

The symbol video generator develops the video
representation of each symbol. The video information consists of
on-off logic levels that literally trace out the symbol on a
scan line by scan line basis on the EBR film .

Symbol point sizes 5, 6 and 7 are scaled from
the digitized eight point font stored in core. Symbol point
sizes 10, 12 , 14 and 36 are scaled from the digitized eighteen-
point font stored in core. Symbol size scaling is accomp lished
by changing the slope of the X and Y subraster sweep circuits
that trace out the symbol.

Symbols in any point size can be rotated through
3600 in one degree increments. Symbol rotation is accomp lished
by the use of circuits that multip ly the X and Y subraster scan 2

waveforms by appropriate trigonometric functions and the output
waveforms obtained are added in a summing amplifier.
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The X and Y sweep circuits are a ramp and a D/A
conver ter , respec tive ly. The sweep circ uits trace out a subraster
at the command position . The size of the subraster is proportional
to the symbol poin t size. As the symbol size changes , a D / A
converter generates a different analog voltage to maintain constant
symbol intensity on film .

i~~enty thousand words of core memory are used for
symbol storage . Based on an average of 300 computer words per
18 poin t symbol , a total of 67 eighteen-point characters can he
stored in core at any time . The remaining ei gh t tho’. sand words
of core memory are used for progr am storage and for data storage .

The DMA channel serves as the interface between
the PDP 11/05 and the symbol con trol  l o~~ic in the symbol genera tor .

The expansion chassis and po~er supp ly are used
to house core memory circuitr y and p r o v i d e  po~;er , r espec t i~’elv .

The multi p ly /divide hardware was added to the PDP
11/05 to allow calculation of symbol locations from information
on the Font Tape at speeds commensurate with the speed of the
symbol generator .

The car tr id ge disk sys tem provides mass storage
to  hold 1.2 million words of symbol font data. Assurnin~z an— average font to contain 100 symbols , and tha t each symbol
averages 300 words of storage , the disk will hold ~0 different
f o n t.s o n- l i n e  a t , o n e  t ime . Since the disk packs are removable ,
addi tional fon ts can be stored on other packs .

Vector and Symbol Gc~nerator Software

The software system operates with the standard ,
Di git~iI Equi pmen t Corporation disk operating system (DOS). This
system includes a monitor , a relocatable assembler , an editor , a
linker , an on-line debugger , and a peri pheral interchange package .
The DOS package permits easy start-up procedures for the EBR
system , and most importantly , provides the basis for making
extensions and modifications to the programs in the field after
the system is installed and operational.

17
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The following software packages utilizing the disk
system are either available or under development.

1. Map handling programs to generate contours ,
roads , fields and streams and other carto-
graphic information are being developed by
U. S . A .  E - T .  L .

2 .  A command repertoire to provide for addition ,
verification and deletion of fonts to the
font library on the disk was installed in the
sys tem.

3. Symbol handling programs to detect calls
were installed in the system to:

a. Select font (i.e., load font into core)
h .  Set po in t  s i ze
c. Set symbol rotation
d. Call for p lotting of symbols

4. Routines for processing symbol p lot calls
to locate the symbol in the font data in
core , or if not in core to retrieve the
data from the disk were installed in the
sys tem .

5. A symbol location program to calculate a
symbol’s starting location based on bearing,
kerning and width information in the font
repertoire and point size and symbol rotation
from the Data Tape was installed in the
sys tern .

6. A Centur y School Book font was di gitized and
installed in the system . Other fonts are
being developed by U .S .A .E . T . L .

Data Tapes and Font Tapes

A Data Tape is a magnetic tape prepared for use
on the EBR system , which calls out the commands needed to generate
each of the cartograp hic map separation film chi ps. The commands
stored as data files on this tape call out the type of symbol
size , symbol position , symbol ang le , and command codes to the
minicomputer for computing positions of the p lotting electron
beam and variations in line width .

18
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A Font  Tape c o n t a i n s  d i g i t i z e d  scan  d a t a  for  one
or mor e  sv~~h ol  s . The onl  v f o n t  t. i~~~e c u r r e n t  l v  a v a i l a b l e
c o n t a i n s  a c h a r a c t e r  se t  composed  of 84 c h a r a c t e r s  in the  C e n t u ry
Sch o o l b o ok  vpeface , as shown in  F i g ur e  10 . The f o n t  w a s  supp l ied
t o  CB S l ab o r a t o r i e s , S tam f o r d , C t . , on a 70 mm x 100 mm f i l m
p o s i t i v e , and each c h a r a c t e r  s i z e  was  12 points. The film format
si~<e i s  c o m p a t i b l e  w i t h  t he  i n p u t  f o r m a t  r e q L :i r e m e nt s  of CBS
Laboratories Laser Image P r o ce s s i ng  Sy s t e m  (L I P S ) ,  a l aser  scanner
and recorder that was used to scan and d i g i t i z e  each c h a r a ct e r  on
f i l m .

Using the LIPS , each charac ter on the type font
film ~ns digitized and the data p laced on magnetic tape. As
shown in Figure ii , the d ig i t iza t ion process  cons is ts of scann ing
the character in the vertical direction (drum rotation on the LIPS)
and incrementing the scan line s from left to right (moving the
laser beam parallel to the drum). Video data are clocked into
the LIPS core memory and then onto the magnetic tape at the desired
elemen tal spac ing  for each scan axis. The actual digitizing
process takes less than three minutes per character.

A twelve-point character on film is scanned by
LIPS in the  ten mic romete r  or 50 l p/mm mode , p r o v i d i n g  4 16
scan elements in each scan direction , for use as the reference
eig hteen-point character for scaling in the character generator.
Sir~ilarlv , the ei ght-point reference character is generated from
the twelve-point film character , using the twenty micrometer or
25 l p/mm mode of LIPS. This generates 208 scan elements in both
d i rec t ions .

Video data are stored on nine-channe l NRZI magnetic
t a p e  in the  form of eigh t  b i t  d e n s i t y  w o r d s  ( i n h e r e n t  in the LIPS
desi gn). Sinc e a symbol is essentiall y black or white , the
den sity words will be clusters of either low or high va lues  of
dens i ty . These small variations in density are further processed
by computer to establish the video on and off addresses within
every scan line that comprises the symbol.

The LIPS output tape consisting of a square raster
of densit y words is processed to provide symbol identification
and spacing information . The video data are converted into
positional information representing video transitions . This
data is then rewritten on magnetic tape in a form suitable for
use b’. the system control software and hardware.
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Synecticis Corporation , Rome , New York; an inform-
ation and sofc~.are processing and anal ytical service organization ,
through a subcontrac t to CBS Laborator ies , provided the necessar y
c o m p u t e r  p r o c e s s i ng  of the symbol data. The font tape resultin g
f rom the  c o m p u t e r  p r o c e s s i n g  is a s e - e n _ t r a c k  m a g n e t i c  t ape  s u i t a b l e
for  use w i t h  t h e  PDP 1 1 / 0 5  compu te r  c o n t ro l l e r .

I t sho u ld be no ted  t h a t  any  s u i t a b l e  scann ing
process may he used to di g itize characters or symbols to be used
in the Cartograp hic EBR Sys tem , (i.e. Laser , CRT , Op t i c a l , etc.).

Random A c c e s s  X - Y  P o s i t i o n i n g  U n i t

The r andom access  X-Y positionin g unit accomp l i s h e s
several func tions . Its ma~ or task is to generate , f rom digi tal
signals received , voltages to position the electron beam over the
EBR output film format. Originally beam posi t ioning was  accomp l i shed
over a 32 ,7b8 x 32 ,768 m a t r i x , p r o v i d i n g  over one b i l l i o n  a d d r e s s a b l e
points for a single frame . More recentl y ,  18 Bi t digital to analog
conver ters giving the possibility of over 250K x 251)i~. addressable
poin ts in a single frame were installed in the Cartographic EBR
S y s tern.

A second func tion is to interface directl y to the
ARDS b O B  and dis tribute the received signals to appropriate
logic blocks .

Its third function is to control the turn-on and
turn-off of the electron beam in the EBB. during map generation.

The final function of the random access unit is
to control the starting and stopp ing of map generation and to
signal the graphics generator when the EBR is reads’ to accept data.
During a film advance in terval , the grap hi c s genera tor is s igna led
not to transmit new data.

R a s t e r  Scannir~g

Raster Scan Translator (RST)

Raster Scanning in the Cartographic EBR i3 accomp-
lished usin g the Raster Scan Translator (RST) channel which coverts
digital da ta on magnetic tape to a raster format for recording .

22
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The da ta format required for recording images in
a raster scanning mode is organized on 9 track , 800 b pi magne t ic
tape in one of the following manners:

(a) Continuous tone gray scale
( h )  S e q u e n t i a l  b i n a ry ,  b l a c k  or w h i t e , or
(c) Run l eng th  encoded b i n a r y

D e t a i l s  of the  exac t  f o r m a t s  used f or ras ter
scann ing  are  g i v e n  in Volume I I I  of the  O p e r a t i o n  and M a i n t e n a nc e
Manual for the Cartographi c EBR System .

The RST is in terfaced to the PDP 11/05 mini-computer
through a direc t memory access (DR11B). A simp le bloc k diagram
showing the major components of the RST is given in Figure 12.
Basic timing for the RST is given in Figure 13.

Sequence of Operation

a. Progr am generates INIT via START or RESET command .
Manual switches are set to indicate the mode of operation required
and the film system to be used.

b. Operator activates run and when EBR interlock
become s t r u e  si g n a l s  ATTN to DR 1I-B .  Under p rog ram c o n t r o l  via
e i t h e r  i n t e r r u p t  ( i f  IE was s e t )  or a read SRST i n s t r u c t i o n, the
control computer recognizes the request and interprets the
DSTAT A , B , C lines which have been encoded (3 BITS) to signify
the state of the manual control switches (8 possible selections).

c. Program checks that all other system elements
(e.g. Tape Format) are in accordance with the manual request and
either proceeds , or indicates an error message to the operator
asking for operator intervention .

d. Assuming the error , if any , has been cleared ,
the program then begins to input data , reformat as required and
s tore  a comp le te  line of video in fo rmat ion  in a spec i a l  b u f f e r
zone in the PDP 11 memory. This information will he sequential
words of either 2 bytes of grey scale or 16 bits of B/W information ,
as shown bel ow :

GREY B /W

15 00 15 _________________ 00
n [ BYTE 2 I BYTE I ]  1 161 I 1 1
n + I E~~yTE 

4 BYTE 3 1 32J 117]
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e. When a f u l l  l i ne  of d a t a  i s  a v a i l a b l e , t he
progr am se ts  up the FNCT 1, 2, 3 b i t s  to i n d i c a t e  l i n e  t y p e
(CONTIN UE , LAST), format (GREY , B/W) recording mode (INCRE~~NTAL ,
RAMP).  In a d d i t i o n , the  DRWC and the  DRBA a re  i n i t i a l i z e d  to
a l low for the DMA offloading of the line data. Note that since
the Raster Scan Translator (RST) ge t s  no numerical indication of
the numbers of data words to he transmitted , th e DRWC overflow
will be used to indicate last word in the line .

f. Program then sets GO active in the DRST. The
RST utilizes this signal to read the function bits and set up
the control sequences according ly. The DR11-B drops READY and
obta ins  bus m a s t e r s h i p .  The control sequence initiates a CYCLE
RQST and upon receipt of an END CYCLE loads the first two b y tes
of line da ta into the line scan memory. In addition , the GO
pulse sets FRAME ACTIVE to true .

g. Af ter the first two by tes of da ta are loaded ,
the MAR of the  line scan memory is incremen ted by 2 and an other
CYCLE RQST is generated followed b y an END CYCLE and l oad d a t a
byte sequence. This operation continues until WCOF occurs in
the DRll-B setting READY . READY going high causes the release
of bus mas tershi p ,  and in the RST the storing of the MAR in the
Last Byte Address Register (LBAR).

h. The line scan memory is then conver ted from
WRITE to READ , the MAR is reset to zero and a train of HORIZ INCR
pulses Is released at the max rate of 250 KRz . Coincident with
these pulses the byte data are sequentially read from the line
scan memory and clocked onto the video convertor D/A and output
to the video amplifier. The video amplifier is held blanked for
a short duration to eliminate D/A glitch outpu ts transients (if
video amp can respond to t h e m ) .  If B/W format was selected , each 

0

byte would be sub-divided into its bits prior to input to the D/A ,
a “0” causing a 0 volt output and a “1” causing a 1 volt output.

i. If RAMP mode was selected , only one pulse
would be output from the HORIZ SYN C line , to cause start of the
horizontal ramp . The video output would be clocked out at a rate
that is predetermined by the setting of the RATE selector switch
and the format selected (GREY, B/W). Note that in GREY format
the input data rate from the DR11-B is maximum at 2M bytes/second
and any video output rate in excess of that will not result in
add i t i ona l  t h r u p u t .
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In the B/W fo rma t  the inpu t  r a t e  of l6M bi ts/sec
w i l l  a l low for  a maximum video r a t e  of 8MH z (due to v ideo  amp
l i m i t a t i o n s ) .  Note a lso  t h a t  the horizontal ramp rate selected
for  RST clocking control must also he c ommunica ted  to the EBR
so as to de f i n e  the s lope of the ram p genera tor .

j .  Video o u t p u t  w i l l  c o n t i n u e  (a long w i t h  I-IORIZ
INCR pulses in the INCREMENTAL mode ) until the contents of the
MAR of the li ne scan memory is equa l  to the c o n t e n t s  of the LBAR .
A t t h i s  point  t he cont r o l sequences is notified ; the video is
blan ked;  RESET HORIZ pulse  is t r a n s m i t t e d  to either clear the
hor izontal  accuniu la tor  (INCREM ENTAL MODE) or r e s e t  the ram p
genera tor ; VERT INCR is pulsed to position the beam one v e r t i c a l
un i t  up ; and a I millisec DELAY TIME is initiated.

k. When RE A DY goes hig h (see p a r a .  g . )  the c o n t r o l
of the bus is re leased  to the CPU. At th i s  point  the p rog ram is
re tu rned  to the task of i n p u t t i n g , formatting and s t o r i n g  the
ne xt  line of d a t a .  This  task  w i l l  normall y take  longer than the
output  o f the line scan onto f i lm , but  should a f a s t e r  input
de v ice be used , or a de l ay  in f i lm  o u t p u t  occur , the input  da t a
may be prepared p r io r  to th e comp letion of the previous line scan.
Pos i t ive  feedback is t h e r e f o r e  used , i . e . ,  ATTN w i l l  be r a i s e d
when the RST can accept  a new da ta  b lock .  Thus p rov ided  EBR
interl oc k is s t i l l high, ATTN will be set at the comp l e t i o n  of the
line scan .

1. The progr am w i l l  again i n t e r r o g a t e  the D STAT
lines to insur e tha t  no ch anges ha ve been m ade in switch settings
( spec i f i ca l ly RUN s t i l l ac t iv a t e d )  and th en upon com p l e t ion o f
s to r ing the nex t l ine scan o f da t a , w i l l  again in i t i a t e  GO. The
line scan memory sys tem w i l l, as in pa ra .  f .  , g .  , load the  ne x t
l ine o f da t a , and then process tha t  da ta  out to the H , V , and
video l ines.  Note tha t  the cont ro l  sequences w i l l  not al low the
convers ion  from i n p u t t i n g  da ta  to the RST to o u t p u t t i n g  to the EBB.
until DELAY TIME is reset.

m. This process  cont inues  u n t i l  the p rogra m uni t
recognizes the last  l ine of da ta  fr om the da t a  source (EOF) .  When
th is last  scan l ine is r ead y to be t r a n s f e r r e d  to the RST , the
program r e se t s  the func t ion  h i t s  to indica te  LAST l ine and i ssues
the last  GO pulse for th is  frame . The LAST line command is
received in the RST and held for c omp letion of the ou tpu t  c y c l e  to
the EBB. . At th is  point  (MAR = LBAR ) and LAST l ine ; a RESET HORIZ
and RESET VERT pu l se  is genera ted ;  FRAME ACTIVE is dropped ind ica t ing
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a request for FRAN ADVANCE; and ViDEO is blanked. The DELAY
TIME is also set but in this case it will have no effect since
it is assumed that the EBR interlock will drop during film pull
down and will be far in excess of 1 millisecond . When EBR inter-
lock is reset , ATTN will again he raised , calling for program
direction .

n. The control program , aware of its last line
indication to the RST,will then make the determination to continue
i.e. , record another frame or terminate. In this way preset software
commands can be used to run any number of frames or any number of
li nes in a f rame . It is assumed tha t  an i n t e r a c t i v e  opera tor
s t a t i on  may he u t i l i z e d  for th is  purpose .

2 . 1 . 5  App l i c a t i o n s

One o f the advantages  of an EBR in c a r t o g r a p hic
app l i c a t i o n s  is t h a t  image formats  can be eas i l y v a r i e d  b y changi ng
ima ge si ze , f i l m  si z e , or f i l m  t r a n s p o r t .  The C a r t o g r a p hic EBR
ha s at  pr ese n t , two f ilm t r ansp or t  mecha n ism s:

( 1) 5~ inch f i lm transport which punches two
r eg i s t r a t ion  hol es b e t w e e n  f r ames  pr io r to
recording on a 5 x 8 inch f o r m a t ;  and

(2) a 35 mm f i xed p in regis tered anima t ion camera
mechanism with a double image (24.6 x 37.3 mm)
format.

Other optional transports for films of different
wid ths, which punch registration holes between frames prior to
recording can easily be installed in the Cartograp hic EBR .

Figure 14 and 15 illustrates how typicallythe master
recordings made in the Cartographic EBR System can be used to
produce map products either by making printing plates directl y
using a U.V. projection platemaker and a diazo plate or by produc ing
a full size film negative which can be used in a conventional
platemaker . The fine grain electron sensitive film allows enlarge-
ments of over 50 times without image degradation . Typical performance
levels achieved with the Cartograp hic EBB. are given in Table I.

Some other app lications that the Cartographic EBB.
System can be used for are illustrated in Figure 16, COM Master
Microfiche could be generated at 24X and 48X reduction ratio
without the use of the conventional step and repeat camera
mechanisms used in CRT CON Recorders , thereby increasing the
recording speed for alphanumerics. Characters recorded at 48X
reduction are less than .002” high .
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Table 1 - Cartographic EBR Performance

Film Transports 5~ inch and 35 mm

5~ inch Image Format (Max) 5 x 8 inches

35 mm Image Format (Max) 24.6 x 37.3 nun

Beam Diameters 3 & 6 microns

Beam Addressability 32 ,768 x 32 ,768

Vector Plotting Speed 125 ,000 points/sec

Line Width Control (5 Bit) 3 - 250 microns

Character Sizes
(at final product scale) 4 - 36 points

Character Generation Speeds
4 - 36 Points 1360 - 225 Char acter/Sec

Character Rotation 0 - 3 5 90  in 10 increments

Raster Scan Rates Variable up to 2 KRz

Dynamic Range 64 shades of gray

Optical Density (Dmax) 2.3+

Video Bandwidth 10 MHz

Repeatability of Sequential Images 0.0037.

Geometrical Fidelity 0.0307.
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Engineering drawings recorded on 35 mm aperture
cards with a 3 micron line width at a p lotting rate of 125 ,000
poin ts per sec., on the very fine gr&in electron sensitive film ,
can eas i l y tolerate the 30X blow hack required for full scale
reproduction of D & E size drawings. Since the edge acuity of
EBR line work is very high the 1.1” x 1.4” aperture card images
can clearly be enlarged to 34” x 44” full scale drawings .

Current per formance levels of the Cartograp hic EBB.
System indicate that the system could be readil y adapted for
elec tronic composition and recording of text books , m agazi nes or
manuals , on film. Tex t and gr aphics could be co-mingled electron-
icall y on a master film sheet. The film sheet can be then enlarged
to produc e a lithographic press plate for use with conventional
printing presses. Halftones or screens for area filled can also
be recorded with an optionall y available Electronic Screening
Generator .

Graphic arts characters in magazines or books contain
approximatel y 750 elements/inch. A typical 8” x 10” page would
require a recording resolution of 6,000 x 7 ,500 elements. The
Cartographic EBR is capable of recording over a large film format
with a 6 micron diameter spot. Consequentl y, 16 pages of graphic
arts quality could be recorded to produce a 4 x 4 matrix of
microimages on a piece of 5” x 8” film and still retain full
graphics arts quality. Accurate beam positioning across the entire
format necessitates using the commerciall y available 18 Bit digital
to analog converters (DAC ’s) providing a 256K x 256K addressing
capability . The EBB. characters are recorded with a small subraster
which can be randomly positioned , scaled , or rotated.

2.2 Computer Controller

2.2.1 System Descri pt ion

The Cartographic EBR Computer Controller is shown
in Figure 17. It consists of mostly DEC hardware and software .
The computer hardware is assembled in the four (4) cabinets shown
in Figure 1 and includes the following equi pment.

1 - 7 Track , 800 bpi Magne tic Tape Unit
I - 9 Tr ack , 800 b pi Magnetic Tape Unit
I - PDP 11/05 CPU with 32K Core Memory
1 - RKO5 Disk Dr ive
2 - Direc t Memory Access Interfaces (DR11B)
I - ASR 33 Teletype
1 - Adage Model 100A Terminal & Vector Generator
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CPU & Memory

The Central Processing Unit is a DEC PDP 11/05
with 32K of 16 Bit read/write core memory and contains the
following features:

Programmer Console
Asynchronous Serial Interface for Console Terminal
Line Frequency Clock (KWll -L)
Automatic Power Fail Detection/Restar t Capability
4-Level Automatic Priority Interrupt
Extended Arithmetric (Hardware Multip ly and Divide)
Basic Mounting Chasis and Power Suppl y
Rack Mountable Slides
Basic Diagnostics on Paper Tape

The CPU and memory are mounted in a standard DEC
cabinet. Only 28K of core is addressable under the present
configuration .

Magnetic Tape Units

Two cabinet mounted magnetic tape units (7 and 9
track) are provided as inputs to the system . The magnetic tape
drives use magnetic tape reels containing up to 2,400 feet of
1/2 inch wide industry standard magnetic tape with a data storage
density of 800 bits per inch. The tape drives have a read/write
speed capability of 45 inches/sec . The magnetic tape controller
units in the TMA11 unit can be used to expand the input system up
to 8 TUb tape transports of either 7 or 9 track.

The seven track tape unit is used for loading
digital representation of fonts on to the magnetic disk mass
storage to serve as a font libr ary for character and symbol
generation ; for introducing p lotting commands for generating
vectors; and for software development.

The nine track tape unit is used primarily in the
ras ter scan mode which genera tes line work or continuous tone
imagery from data stored directly on the tape ; and for software
development.
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Disk Storage

The mass storage unit which provides storage for
digitized fonts , the system operating software , and is used for
software development , is a RK11 DEC pack Cartridge Disk Drive and
Control. The system contains one 1.2 Million word RKO5 removable
disk  d r ive , but cou ld be expanded to 9 .6  m i l l i o n  words  of da ta
storage by adding up to eigh t disks to the con t r ol uni t . Aver ag e
access time for each drive is 70 milliseconds.

Teletype

An ASR 33 Teletype is provided to prooram the
minicomputer with a variety of software routines ; control the
selec tion of tape from the magnetic tape readers~ and to p r i n t
out listings of software commands.

Direct Memory Access (DRI1B) Interfaces

To provide e f f i c i e n t tr a n s f e r  of da ta to and f r om
the memory of the PDP 11/05 CPU , two DEC general  purpose  direc t
memor y access (DMA) interfaces were provided to move data between
the unibus to the two of the princip le user con trol electronics
subsystems (i.e. Raster Scan Translator and the Character Generator )
rather than using progr am control data transfers.

The interfaces consist of four registers: command
and status , word count , bus address and data. Operation is
initialized under progr am control by loading word count with 2’s
complement of the number of transfers , specif ying the initial
memory or bus address where the transfer is to begin , and by
loading the command/status register with function bits.

Whichever subsystem has been commanded to operate ,
the interface will recognize these functions bits and will respond
by setting up the control inputs. If the subsystem requests data
from memory or a unibus device , the DRII-B performs a Unibu s Data
In Transfer (DATI) and loads its data register with the information
held at the referenced bus address. The outputs of this register
are available to the substem and the output data from the memory
is buffered. If the subsystem requests data to be written in the
memory , the DRII-B performs a Unihus Data Out Transfer (DATO),
moving data from the sub-system to the referenced bus address.
This input data from the subsystem is not buffered. Transfer of
a specific number of words will proceed at a rate compatible with
the subsystem operation . Bec~’use of the operating modes of the
other princip le functional subsystem , (the Vector Generator), onl y
two DMA are required .
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Adage lOOB Storage Display

The Adage 100B Storage Disp lay has four functions:

a. Disp lay of plotting b eam ,
b. Vector Generation and Contr ol
c. Disp lay of dig ital data and software routines
d. Selection of data on magnetic tape to he

recorded with EBR .

2.3 Electron Beam Recorder

2.3.1 General Description

The Cartograp hic Electron Beam Recorder (EBR) is
an instrument which converts electrical signals representative of
map features , alphanumeric characters , grap hic p lots or variable
density pictures into latent images on electron Sensitive film.
The latent image is formed by exposing the film with a precisel y
controlled , finely focused electron hear::. The EBR may be regarded
as analogous to a cathode ray tube (CRT) recorder where the lens
and the phosphor facep late have been rer~oved and the recording
medium p laced in the vacuum .

The Image Craphics ,Inc ., EBR-2000 series , shown in
Fi gur e 18 , was adapted for cartocraphic app lications which
require high resolution , fast recording speed and wide dynamic
range .

The Cartographic EBB. is shown schematicall y in
Figure 19. It consists of a high resolution electron ~un , anelectromagnetic system for focusing, deflecting and controlling
the electron beam , film transport mechanisms for handling various
film media , a fully automatic vacuum system which maintains suit-
able vacuum in various parts of the recorder and a number of highl y
regulated power supp lies , electronic circuits , and monitors.

Various recording media may be used in the Carto-
grap hic EBB.: (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 directl y on exposure to electrons and
requires no processing whatsoever ; (d) electrostatic films and
papers which are processed with toner solutions ; and (e) electron
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Figure 18. Image Grap h ics , Inc . - EBR 2000

38

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

Ii



.—~-----~ -. . .  ~~~~~~~~~~~~~~~~~~~~ ~~T T T ~~~~~i — -

zw
0>

QU)
Liz
.JLU

a- wu,
ow

~j U)

a 

-

_ _

~~~tD 0

2

I ~

— - 5 ;  i~

~~~~II~EII~]
2

39

V • ,
~~~ -. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . -~~~~. -5 ,. ..... ..

;
__ 

-_ _4 — -  —— —. 
- —- - —-——-5—- - -—— —-5 —-- .—— - -- —.5.---- -- ——--.5 - . 5. -  .5— — -— ,_,_. ___*__ - — -  — —



- -

resists which can be developed by conventional means .

2.3.2 Technical Description

The Cartographic EBR is a multi-format electron
beam recorder that is used for the production of various Mini-
maps and analog or digital raster images. Operation control
functions have been kept to a minimum and are readily accessible
to provide the operator with convenient control and ease of
operation . Since this Cartographic EBR is to be used in experimental
app lications at U.S.A.E.T.L., it has been designed to provide
flexible operation , enabling the operator to vary many of the
recording parameters as required. Modular construction provides
ease of maintenance , troubleshooting and repair .

Section 2 .3.2 describes the functions and operations
of the various EBB. system components shown in Figures 20, 21
22 and 23.

2.3.2.1 Vacuum System

The vacuum system of the Cartographic EBR , is a
high performance , fully automatic , three stage , differentiall y
pumped system which ensures that proper vacuum is maintained in
every section of the EBB..

Since the EBR vacuum system is fully automatic ,
no prior vacuum technical background or experienc e 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 sections of the EBR ,
vacuum status is displayed on the EBR Operation Control Panel by
indicator lamps.

The warm-up  t ime for the vacuum sys tem of the
Car tog rap hic EBR , from a cold s t a r t  to operational vacuum , is
less than one hour . The pump-down time with a full supp ly of
film is less than 5 minutes. Typicall y ,  the Electron Gun Ch~mber
is operated at lO~~ Torr , the Electron Optics Chamber at 10- Torr
and the Film Chamber at 10 to 100 millitorr .

Diffusion Pumps

The vacuum system of the Cartographic EBR uses
two 3-inch, 300 litres/second diffusion pumps , provided with
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special fans to minimize the 60 Hz magnetic fields generated by
the fan motors. These diffusion pumps have very low oil hack-
streaming rates , and in addition , have been provided w i t h
optically dense , hi gh conductanc e baffles to minimize oil con-

F t a m i n a t i o n  prob lems .

Mechanical Pumps

Three direct drive mechanical pump s are used in
the vacuum pumping s y s t e m  of the  C a r t o g r a p hic  EBR.  Two of t he se
pumps , hav ing  a disp lacement of 4.5 CFM , are used as b a c k i ng
pumps for the d i f f u s i o n  pumps , whereas  the th i rd pump , w i t h  a
d isp laceme nt of 14.1 CFM , is connected directl y to the Film Chamber .

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

High Efficiency
D i r e c t  Dr i ve
Tw o- S tage  C o n s t r u c t i o n
Oil-Sealed
Anti-Suckback Design
B u i l t - i n  S a f e t y  Valve
High Water Vapor Toleranc e
Vented Exhaust
Compac t
Low Wei gh t
Vib r a t ion F ree
Qu ie t  Op e r a t i on
Modular Construction , for easy servicing

in the f i e l d .

Vacuum Gauges

The vacuum sy s tem of the Ca r tog rap hic EBR inc ludes
seven high per formanc e vacuum gauges. The two cold cathode 

3discharge  gauges are provided with set-point controls in the 10~
to lO~~ Torr range , and have been m o d i f i e d  to opera te  w i t h  specia l
vacuum s e n s o r s .  These vacuum sensot s have  low e x t e r n a l  magne t i c
fields and consequentl y do not affec t the electro-optical alignment
of the EBR .

The other five vacuum gauges used in Cartographic
3EBR are of the thermocoup le type , operating in the 2 Torr to 10

Torr range . Two of these indicate the foreline pressure of the
diffusion pumps , whereas the other three are provided with set-
point controls and are used in the automatic control of vorious
vacuum valves in the EBR .
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Fail-Safe Features

The automatic seqJencing of the operation of nil
the vacuum valves is very simp le and fail-safe . It is contr ,’lled
by the output of the vacuum gauge’s which measure the actual ~-acuu r~.
in every section of the EBR and is not controlled by tir~e delays.

The single vent valve is normall y closed and has
to be energized to open. Consequentl y, in the event of a power
failur e , the EBR vacuum syste’.: w ill not be vented and the hot
diffusion pump fluid will noc he oxiiized by exposure to the
atmosphere.

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

2.3.2.2 Electron Gun

The electron gun used in the Cartograp hic EBR ,
is a triode of unique and proprietary design with a directl y
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 microscopes , as well as for electron beam
recorders.

The aperture in the grid cup (Wehnelt cy linder)
of the electron gun is small resulting in a less divergent beam
and consequentl y in improved resolution . The grid cup is provided
with precise adjustments for accuratel y centering the cathode .

The cathode of the electron gun is a directly
heated thermionic emitter of the type used in app lications where
the ultimate stability is demanded and long operating life is
impor tant. It features a gradated loop configuration and a unique
tip geometry to optimize heat transfer characteristics.

The cathodes ,mounted on ultra stable ceramic bases ,
are made of a tungsten-rhenium alloy to ensure ultimate performanc e
and have a MTBF of thousands of hours , provided that they are
operated in an adequately high vacuum .
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The electron gun used in the Cartographi c EBR is
designed to also accept pointed filaments which feature a crystal
oriented tip with a 1000 Angstrom radius. The use of such pointed
filaments makes it possible to focus the electron beam to an even
smaller size recording spot and consequentl y results in improved
image resolution . However , the calculated MTBF for pointed fila-
ments is considerab ly shorter than that of gradated loop filaments.

The anode structure of the Cartographic EBR electron
gun is designed to accept commercially available , platinum apertures
used in electron microscopes.

2.3.2.3 Electron Optics Coils

The arrangement of electron optics coils used
in the Cartographic EBR is shown in Figure 24.

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 6 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 w obble r
yoke to provide automatic line width control during plotting . The
entire electron optic column is surrounded by a magnetic shield
to prevent interferenc e and interaction of stray magnetic fields
with the electron beam .

Geometrical image error s such as pincushioning
are corrected electronically. The deflection yoke has sufficientl y
low induc tance for high speed subraster generation of graphic
arts char acters so that a separate subraster yoke and deflection
system are not required.

Beam Alignment Yoke

The 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 char-
acteristics in both alignment axes and a low residual magnetism
core.
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The beam alignment yoke is mounted immedia~ c’lv in
front of the anode aperture , thus minimizing the geometric image
distortions which might occur if the electron gun is not perfectl y
aligned.

Static and Dynamic Focus Coil

A single gap static and dynamic focus coil assemb ly
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 app lied to the “dynamic ” winding of the
focus coil to dynamicall y refocus the recording spot as it is
de f l ec t ed  toward the edges or co rne r s  of the f o r m a t .

The focus coil  is mounted in the EBR s u f f i c i e n t ly
far away from the deflection yoke to eliminate spot distortions
caused by the interaction of the magnetic fields of these components.

Astigmatism Corrector

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

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

Deflection Yoke

The deflection yoke produces the magnetic fields
wh ich p r ecise ly pos i t ion  the e l ec t ron  beam over the en t i re
recording format. The deflection yoke for the Cartograp hic EBR
uses a low loss ground ferrite core proportioned to provide an
anastigmatic field and to eliminate higher order beam distortions .
A unique coil winding configuration provides complete symmetry
between deflection axes. Typical focus variations ceused by the
end turns of saddle or stator yokes have been eliminated.
Consequentl y, using dynamic focus modulation , uniform focus over
the comp lete recording format can be achieved. The deflection
yoke winding method provides precise p lacement of coil turns so
as to minimize geometric distortions .
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Spot Wobble Yoke

A low induc tance , air core , Spot W o b b l e r Yoke i s
mounted  c o n c e n t r i c a l l y on the  p r e c i s i o n  ground g l a s s  tuhe  h e t t ~een
the Beam Alignment Yoke and the Astigmatic Corrector , hut muc h
closer to the latter.

A 5 MHz signal of variable amp litude is app lied to
the Spot Wobbler Yoke in order to control the effective size of
the recording electron beam , thus making it possib le to record
l.ines of var iable wid ths.

Magnetic Shielding

The entire electron beam path , from electron gun
to recording film , is thoroughl y shielded from the interference
of magnetic fields emanating from other nearb y components , by a
two-layer magnetic shield made of high magnetic permeabili ty
material. This reduces unwanted beam disp lacements due to EMI
(particular ly at 60Hz) to less than a micrometer .

2.3.2.4 Film Transports

Since the Cartograp hic EBR System hill be used
at U.S.A.E.T.L. to stud y the automated production of maps and
other micrograp hic products , the EBR was specificall y desi gned
to accept a variety of film transport mechanisms . A ll film
transports , as well as film gates , cut film holders , glass p late
hold ers , test fixtures , or alignment phosphors , available for
the Cartograp hic EBR , are easil y interchangeable and are precisely
mounted on two dowel pins located in the Film Chamber of the
Cartograp hic EBR .

Initially only two film transports have been
provided for the Cartograp hic EBR : a 5½ inch film transpor t ,
which automaticall y punches two registration holes in every frame
of film and a fixed-pin , 35 mm film transpor t which uses film
with standard motion-p icture perforations . However , additional
film transports or film gates are l ikely to he provided for the
Cartograp hic EBR in the future .
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5-~ inc h Film Transpor t

Th e 5~ inch film transpor t , show n in Figures 25
and 26. has a recording apert iC r i- of  8 1/16 x 5 1/32 inches
which is adequate for recording standard “Flip Charts ” at full
scale.

All materials us ed in the fabrication of the film
transport are vacuum compatible and totaflv non-magnetic. The
film gate is hard chrome p lated and highl y polished to ensure that
the normal operation of the film transp -~rt w i l l  not cause any
film scratching .

The S½ inch film trRn so~- rt is provided w ith an
automated registration hole ’ pun ch in-~ ~‘ie ch~ini sm to ensure ’ the
accu r a t e  s u p e r i m p o s i t i o n  of r e c or d e d  i m a g e s .  The’ d i s t a n c e  be tween
t he two r e g i s t r a t i o n  holes  a l o n c , t he  cen t~- i ~ l i n e  of a f i l m  f r ame
is ex a c t l y 9 inches and the d i a ~~’ t t -r o~ th~~ r t - c i s t r a t i o n  h o l e s  is
0.250 inch.

The 5~ inch fi hn transport has also been provided
wi th a “fiche ” forma t insert. l’he aperturo of this insert (5 9/16
x 4 1/16 inch) is sufficiently large to accoiniiodnte all the
standard “fiche ” formats.

Operation of the frame advance mechanism is
controlled either manuall y from the control pane l or automati call y ,
as the recording of an EBB. image is comp leted.

35 mm Film Transport

The 35 mm film transport , shown in Figures 27
and 28, makes use of an Acme Vistavision Camera Movement ,
manufactured by Photo Sonics Inc . The Eastman Type reg i s t r a t ion
pins in the Vistavision movement were speciall y modified for use
in the Cartograp hic EBR. The manufacturer claims an accurac y of

± 
0.0001 inch in the location of these registration p ins.

A 2 cycle puildown mechanism advances 1.493 inches
(i.e., 8 perforations) of film through the 35 mm film gate which
has an aperture of 1.496 X 0.991 inches. Consequentl y care must
be taken in positioning the images recorded on 15 mm film in order
to prevent image overlap .
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should be noted that for the 35 mm film transport
it is the punch ye mechanism that advances the film and the
film drive mechan .~sm that takes-up the advanced film.

Special adapters have to be installed on the film
suppl y and take-up shafts in the Film Chamber when the 35mm
film transpor t is used .
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2.4 Cartograp hic EBR System Performance

Numerous recordings made on 5½ inch and 35 mm film over
a period of several months indicate that the performance levels
shown in Table I can be achieved or exceeded. The performance
limitations of the Cartograp hic EBR System are discussed in the
following sections . It should he noted that many of these
limitations are imposed by the physical and photograp hic
properties of the recording film as well as film processing and
film handling techniques.

2.4.1 Recording Spot Size and Resolution

The effective diameter of the focused electron
spot in the Cartograp hic EBR is either 6 or 3 microns , dependin~
on the type of electron gun used (see Section 2.3.2.2). Losses
in resolution due to scattering of electrons within the emulsion
layer are not significant if proper recording films , such as
Kodak SO-2l9 , are used. However , when coarser grain , lower
resolution films are exposed in the Cartographic EBR the loss of
resolution become s clearl y evident.

Full advantage cannot be taken of using the
ultra high resolution electron gun (3 micron spot diameter )
until the electrical “noise” present on the Cartographic EBB.
deflection system is further reduced.

A major source of deflection noise is the
Symbol/Character Ge~ierator (GFE), which also introduces positional
offsets and positional instability into the deflection system of
the Cartographic EBR . The performance of this unit should be
improved , or better yet , a higher performance Symbol/Character
Generator should be installed in the Cartograp h ic ERR .

Work on the Random Access X-Y Positioning Unit
(GFE) per formed on this contr act substantially reduced the “noise”
and settling time of that unit. Most of the improvements were
obtained when higher performanc e 18 bit DAC were substituted
for the original 16 bit DACs.

A minor contributor to the deflection noise of
the Cartographic EBR is the Geometric Corrections Generator . An
improved version of that generator is being developed at IGI and
should be available in the near future.
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2.4.2 Beam Addressa hility

The positioning of the electron beam in the
Cartograp hic EBR is controlled by 18 bit DAC s so that a maximum
addressability of 262 ,144 x 262 ,144 points per frame is theoreticall y
available , however , at present the addressahilitv is l imited to
32 ,768 x 32 ,768 points.

The Cartograp hic EBR has been provided with
size selector switches which control the size of the address
matrix elements. The matrix elements are always square (i.e~ of
equal size in the X and the Y axes) and , as curr i-n t lv configured ,
these matrix elements have been pre-set to:

1) 6.2 micron (8 inches 37 ,7h~’)
2) 4.3 micron (140 mm e 32 , 7 s - )
3) 2.6 micron (86.5 mm t

Thus the addressahilitv per i’~n,~t- recorded in
the Cartographic EBR depends on the Size of th~ ir - o - €- and the
selec ted size of the address matrix element. For examp le , an
8 x 5 inch im age wi th 6 . 2  pm elemen ts has an addr e ssnhil itv of
32 ,768 x 20 ,480 posi tions . It should be noted that , sh ou l d  t he
need a r i se , the size of the address matrix elements could easily
be prese t to values other than those indicated above .

The Cart ograp hic EBR has also been provided
wi th an Origin Selector switch so that the image origin (X~0,
Y=0) can be correctl y positioned in the upper left hand corner
of a given film format.

2.4.3 Dynamic Range/Density

The Cartograp hic EBR System was specified to
be capable of recording images with a Dmax greater than 2.3 and
a Dmin less than 0.1. As shown in Figure 29 , a maximum d e n s i t y
in excess of 3.0 and a “fog-p lus-base ” density of 0.08 can
easil y be achieved using Kodak S0-2l9 film.

The signal-to-noise ratio of the video amp lifiers
in the Cartograp hic ERR is greater than 100:1 , thus with a proper
8 bit input video signal , it should be possible to record gray
scales with more than 64 distinguishable shades of gray . This
was confirmed experimentall y using test tapes supp l ied by ETL.
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Density variations in images recorded in the
Cartograp hi.c EBR are primaril y due to non-uniform or non-repeatable
film processiig and non-uniformities in the sensi tivit y of the
r eco rd ing  film. It has been demonstrated (for examp li , on the
LANDSAT EBB. at GSFC) that with proper film processin~ and using
a very uni form recording film , it is possible to reduce densit~’
varia tions in electron beam recorded images to about .02 optical
density units. Flowever , since at present there i s  no con t r o l
on the Car togr ap hi c EBR film processing at ETL , densi ty varia~ lo ris
of 0.? or grea ter can he expected. It should he emphasi zed that
such density variations are n ormally insignificant for recordin g
l ine ~ork , c h a r a c ter s , symbols , e tc .

2 . 4.4 Video Bandwid th

Electron beam recorders have successful ly been
used to r eco rd a t bandwid ths of up to 300 MHz and poss ess th e
inherent c .p ahilitv of recording at gigahertz rates. ( 2 4 )

The Cartograp hic EBR has a specified bandwidth
of 0 to 10 ~tHz , which  is more than adeq ua te s ince  the re cord ing
b a n d w i d t h  of the e n t i r e  C a r t o g r a p hic E RR Sy s t e m  is i n p u t  l im i t e d
by the  m a g n e t i c  t a p e .

In the Vector Mode of Operation , the Car tocrap hic
EBR records at 125 ,000 poin ts per second , or 8 m i c roseconds  per
poin t. Even though the time of exposure per point is limited
to 1 microsecond , to a l l o w  7 m ic roseconds  of se tt li ng t ime fo r
the DACs and the deflection amp l i f i e r s , the video bandw i d th
equivalent to tF i se comparatively short exposure pulses is well
under 1 0MHz .

2.4.5 Positional Repeatability

The posi tional repeatability of images recorded
in the Cartograp hic EBR is affec ted by many fac tors , of these
the most significant are : a) the stability of the EBR deflection
sys tem and b) the d imensional and positional stability of the
recording film. Electrical measurements made using a high
performance DVM on the entire deflection system of the Cartograp h i c
EBR , (excluding the Character Generator [GFE1), show a short
term stability (hours) of better than .O037~ and a long term
stability (days) of better than .Ol7~. It should he noted that
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residual magnetism effects of the deflection yoke , which may
affec t the position of the recording beam , canno t he de tect ed
by such elec trical measurements. These measurements simpl y
indicate the degree of positional repeatabilit y that can he
expec ted if the same input tape is used.

Sp u r i o u s  b eam d i s p l a c e m e n t s  in t h e  C a r t o g r a p h i c
EBR due to i n s t a b i l i ty  of the deflection system are very much
smaller than apparent imav€ - disp l acements due to film disp lacemen ts
or dimensional changes of the film (see Section 2.5).

2.4.6 Geometric Fidelit y

The geometric fideFtv of image s recorded in
the Car tograp hic EBB. is controlled b y the Geome tr ic  Correc t ions
Generator which provides stable corrections for all first , second
and third order distortions .

The Geome tric Corrections Generator has 12
precise adjustments for the following :

Sk e~
X Bow
Y Box
Y D i f f .  l i n e a r i ty
X D i f f .  l i n e a r i ty
X tr a p e z o i d
Y trapezoid
X pincushion
Y pincushion
X radial li nearity
Y radial lin earity
X edge ro ta t ion
Y edge rotation

It has been found experimentally that these
adjustments can he made with sufficient precision so that each
of the above ment ioned distortions can be reduced to less than
O .O27~ of the image diagonal or approximatel y 

± 
0.002 inches

over the entire 8 x 5 inch format.

Another effect which can show up as a geometric
distortion in images recorded in the Cartograp hic EBR is caused
by the residual magnetism of the deflection yoke . The maximum
magnitude of this effect is about 0.002 inches for the 5 x8 inch
format and correspondingl y less for smaller image formats. If
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required , geometric image distortions (i.e. beam po3itional
displac ements) due to residual magnetism in the deflection yoke
could possibly he further reduced by using an electronic comp-
ensation technique currentl y being developed at IGI. Alternative ly,
a defle ction yoke with lower residual magnetism could be developed ,
h ut th i s  w ou l d  en ta i l  a si ze a h i e  developmen tal pr ogr am .

Other geometric image distortions in the
Car tograp hic EBR (discussed i.n Sec tion 2.5) are caused by
posi tional and dimensional instability of the recording film.

2.5 Rec ording F i l m

The recording film selected for the Cartograp hic EBR
Sy s t e m  is Kodak Direct Electron Recording Film , Type S0-219
whi ch possess the following features:

.Very hi gh r e so l ut ion , in excess of 500 LP/mm

.Ex tremely fine graininess , which allow s subs equent
enlargemen ts of recorded images at magnificati~ons
of 50X or more

.Hi~~h maximum density and gamma which  make it
par t ic u lar l y sui table  for  car tograp hic r eco rd ing

-An elec tricall y conducting l ayer  under the emul~~ion ,
to prevent charging effects

.A very low sensi tivity to light , which allow s the
fil m to be handled in brigh t y e l l o w  saf e l ights

.A pol yes ter base which is vacuum compatible and
provides excellent dimensional srabilit

2.5.1 Sensitometric Characteristics

The sensitome tric characteristic curve of
SO-2l9 fil m exposed to 15 (<V electrons and processed in D.19
chemis try is shown in Figure 29. It can be seen that the
maximum density of this film is greater than 3.2 and that , for
the particular processing conditions , the maximum slope of the
characteris tic curve (i.e. gamma) is 2.2. Thus , wi th proper
exposure and processing, SO-219 can most easily achieve the
specified D of 2.3.max
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The presence of an electricall y conducting layer
under the emulsion tends to make the sensitometric uniformity of
SO-219 somewhat lower than that of comparable conventiona l films
(without a conducting layer). However , the sensitometric uniformity
of S0-219 is adequate for cartographic recordings.

2.5.2 Dimensional Stability

The SO-2l9 film used in the Cartographic EBR has
a polyester* support , r base , which possess better uniaxialism and
better dimensiona l stabilit y than any other type of commercially
available film base. However , while polyester base films represent
a marked advance in dimensional stability they still do exhibit some
dimensional. changes. In fact , no such thing as absolute dimensional
stability exists; even sensitized glass p lates show very small
dimensional changes under some conditions.

The dimensional changes that occur in photographic
films are due to a variety of causes such as temperature , humidity ,
processing, aging, mechanical stress etc . and each variable must be
considered separately. The inherent film properties which are important
for each type of dimensiona l change , together with the magnitude of each
change for various films are discussed extensively in numerous
technical publications . In particular , see references (27) and (28)
in Section 5.0.

Table 2 reproduced from a Kodak publication summarizes
some typical dimensiona l changes of Kodak films . For comparison it
should be noted that sensitized photographic glass p lates have a
Thermal Coefficient of Linear Expansion of <.0005% per °C and a
Humidity Coefficient of Linear Expansion of < .0001% per l7~ RH.

2.5.3 Positional Stability

In the late phases of this program it became clearly
evident that the positional and dimensional instabilities of the
recording film are the primary limitations to the positional accuracy
and repeatability of images recorded in the Cartographic ERR . A
detailed study of factors which affect the positiona l and dimensiona l
stability of the recording film is beyond the scope of this program ,
but some relevent conc lusions , arrived at on the basis of practical
experience , can he summarized as follows :

*Kodak trade name ESTAR and DuPont trade name CRONAR.
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TABLE 2

TYPICAL DIMENSIONAL CHANGE CHARACTERISTICS OF KODAK FILMS

B... Type 
- 

E;~*. Uitra- Esya: Thin EsT*a B... (•y~~ Thick

Base Th ickness, Mm 133 T 38 - 64 102 178 -

Base Thickness, Mi ls 5~/4 1 l/~ 2½ 4 - 7
Typical Emulsion Type B & W B & W Color B & W Colo r B £ W Color B & W
Gel , Base Rat io 0 09 0 32 0 80 0 20 046 008 0 21 005
Direction of Test Lengt h Width 4

Humidity Coe fficient of -
Linear Expansion . .0055 0065 0050 0110 0033 0050 0018 .0030 - 0015
Unpro cessed t % per 1% RH

~~~~~~~~~~~~~~~~~~ 
°c~ 

005 006 002 002 002 002 002 .002 002

- Processing Dim ensio nal
Change Range ’

% Sh ri nkage ~ - 10 08 13 - .06 10 -- -03 — .04 — 01

% Swell 04 .04 .04 m .03 4 03 , 03 + .03 - -$- 02

Process ing and Aging
Shrinkage (In shs .ts )’~

I l w k @ 5 0 C — 2 0 % R H  .15 -20 .09 .12 - .08 .10 .03 . 06 .02
ly r @ 25 C—60% RH .30 .35 .07 .07 

- 
.04 .04 .03 .03 .02

~The dimen s ion al propert ies of (st. - ‘S. im im i may very s lightl y in different d ,reci ion i in the s heet , these d iff erences are not n.c .Ssaril y
between tha lengt h and width di ro cti m ‘a but may b. b.twean diagonal d i ract ion s

tAt 21 C between 15 .nd 50% RH. tAt 20% RH betw ee n 21 C and S a C . §Tr ay proce sse d sp. c .mens .
The dim ens io nal character ist ic s were determin .d in accordanc, with the appropriate sections of the American National Standards Institute

Method s for 0.tarmi nl ng the Dim.n ssonal Change Characteristics of Photographic Films and Papers . PHI 32 1959. Th. specific refer-
ences are:
(1) PHI.3 2 Section 6 (2) PHI.32 Sect ion 1 (3) PH1.32 SectIon 8 (41 PHI 32 Section 9

1. For the most critical app lications of the
Cartographic EBR , the recording medium (silver halide , electron
resist or other) should have a rigid and dimensionally stable
support such as glass , quartz , sil icon waf er s , metal . etc . As
pointed out in Section 2.3.2.4 the Cartographic EBR was specifically
designed to accept holders for various recording media coated on
rigid supports.

2. If the recording medium to be used in the
Cartographic EBR is coated on a transparent and flexible support ,
a polyester film base is definitely superior to other commercially
available film bases such as cellulose acetate butyrate or cellulose
triacetate .

3. There is little difference in the dimensional
stability of Kodak films on ESTAR base and DuPont films on CRONAR
base , as chemically these bases are identical . However , sinc e the
silver halide in DuPont films is not dispersed in gelatin , this may
offer some minor dimensional stability advantages.
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4. Temperature should be kept constant during
recording , film processing , film storage , measurement of images
recorded on the film and all subsequent operations involving the
film (such as enlargement). A temperature control of 1°C would
not be regarded as unduly stringent for critical app lications.

5. High temperature processing of the recording
film should be avoided. The processing cycles should be uniform
and the overall wet time as short as possible .

6. Hi gh temperature drying of the recording film ,
after processing , should be avoided.

7.  Any operat ion involv ing the r ecording f i lm
(be it recording , measuring, enlarging , contact copying , etc .)
should be performed at a constant relative humidity . A RH control
of I or 2% during such operations would not be regarded as undu ly
stringent for critical applications .

8. The recording film should always be given
adequate time (in storage , recording , measurement or reproduction)
to reach a temperature and humidity equilibrium .

9. The silver halide emulsion of the recording film
should be as thin as possible since a higher base-to-emulsion thickness
ratio gives better dimensional stability .

10. The recording film should be provided with an
anti-curl backing .

11. The recording film should not be curled
excessively at any time , be it in recording or storage , to avoid
“core-set~ and other distortions .

12. The differential pressure across the recording
film in the Cartographic EBR should be kept low to minimize distortions
due to f i lm bowing .

13. The stiffness of the recording film should he as
high as possible . Note that for a given type of film base , stiffness
is proportional to the cube of the thickness.
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14. The fi lm should he clamped in the film gate of
the Cartographic ERR as close as possible to the actual image
recording area. That is why the special “fiche” size aperture insert
was provided for the 5’” film transport and should be used when
recording images smaller than 4 x 5~ inches. Preferably, different
film transports and films of different widths should be used for
recording images of different sizes.

15. One of the two registration hole punches in the
Cartographic ERR should be elongated to facilitate subsequent
registration of images. This registration process is greatly affected
by dimensional changes of the recording film .

16. For critical app lications , fiducial marks should
be recorded along side the images in the Cartographic EBR . Such
fiducial marks can then be used for the precise registration of images;
this technique will tend to compensate for some of the positional and
dimensional changes of the recording film .

17. A special propriatory film transport mechanism
for large format EBR ’ s has recently been developed by IGI. (The
patentability of the princip les of operation of such a film transport
is being investigated) . It is believed that if such a transport were
to be installed in the Cartographic EBR some of the positiona l and
dimensional instabilities of the recording film would be reduced.
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Section 3.0 Conclusions

The Cartographic EBR System developed by Image
Graphics , Inc., for U.S.A.E.T.L. under Contrac t No. DAAG53-75-C-0221
is a very versatile experimental system for the generation
of map products. The Cartographic EBR offers a unique capability to
perform high quality recordings both in vector and raster formats.

Map products currentl y printed by the Defense
Mapp ing Agenc y (DMA) Centers which could be produced with an
Automated Cartograph ic EBR System are numerous. Some of these
have been listed below :

TOPOGRAPHIC CENTER

(a) Full Size Maps & Charts Enlarged from EBR Minimap Separations :

.Black Maps-containing terrain information

.Topograp hic Maps

.SACARTS (Semiautomatic Cartographi c System) Products

.Joint Operations - Ground Maps 1:250,000 scal e

.Air Crash Search and Rescue Maps

.Military City Maps

.Small Scale Maps

.Seasonal Maps

(b) 35 mm Microfilm Strips

.Reformatted Radar Data

.Archival Library of Map Separations (24x and 48x)

.Engine er ing Dr aw ings

(c )  Full Size Maps & Charts Recorded wi th  EBR

.Proof Plots for lineal and raster data

.Digital Data Base Plots

.Earth Resources Technology Sa te l l i t e  (ERTS) Imagery
•Ortho Photo Maps (PICTO MAPS)
.Graphics Data
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AER OSPACE CENTER

(a) Full Size Maps & Charts enlarged from EBR Minimaps
Separations :

.Tactical Pilot Charts

.Air Target Charts - Series 200

.Enroute Charts

.Digital Data Base Plots

(b) Full Size Maps & Charts Recorded with EBR

-‘ Instrument Approach Procedures (Flip Charts)

(c) 35 mm Microfilm Strips Separations Recorded with EBR for :

.Projected Maps on CRT Display for Navy ATE & TAC Planes

.Re ar Port Projection , Horizontal simulation disp lay
strips for F-h i plane

HYDROGRAPHI C CENTER

(a) Full Size Maps & Charts Enlarged From EBR Minimap Separations : —

.Coastal Charts - Depth Soundings

.Pilot Charts - Wind & Weather Conditions

.Route Charts

.OMEGA EDITION

.Publication Notice to Mariners

.Simulati on Plots

(b) 35 mm Microfilm & Microfiche

.Digi tal Da ta Ba se Plo ts

.Ar chival Storage (Currently 50 users)
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Section 4.0 Recommendations

1. Cartograp hic EBR Systems should be specifically configured
for operation in the three DMA Centers , i.e., Aerospace , Hy dro-
graphic and Topographic Centers , on a gradual scheduled basis;
the Centers adapting to the use of the EBR as practical operationa l
capability is established.

The EBR Systems should be capable of vector plotting , raster
scanning , raster plotting , and character generation of cartographic
quality. Standard cartograp hic film formats should be defined ,
i.e., 5” x 8”, 4” x 6” (Fiche)  and 35 mm , etc.

2. The Cartographi c EBR Systems should be driven with a high
capacity computer control system using a PDP 11/34, 11/45 or
equivalent and a multi task software operating system such as
RSX llM , Version 3. This computer hardware and software gives
complete compatibility with the CRT Print Head Systems to be
delivered to the three DMA Centers under Contrac t No. DAAG53-76-
C-O182 and offers maximum performance flexibility and system
growth potential.

3. The Cartograp hic EBR Systems should include IGI Symbol/Vector
Generator s to assure maximum speed and performance compatible
with the EBR hardware.

4. Continued effort is required in improving app lications soft-
ware (i.e., p lot programs) to develop a supported data base for
an automated map production system based upon the EBR technology .

5. Suitable enl~~.ging techniques from minimap masters must be
established for map production . IGI has alread y succ essf u l ly
enlarged minimaps up to 10 feet x 4 feet , 5 feet x 4 feet , and
2 feet x 3 feet using an optical enlarger . ETL has enlarged
70 mm minimaps ~o 25” x 18” diazo plates directl y w ith a LATADY
U.V. Platemaker and film negatives using an Lanston Monotype
Camera. ETL has also enlarged a FLIP char t recorded in 70 mm
format to 6½” x 10½” using an experimental Laser Projection
Plate Maker (Appendix A). AC has pr inted FLIP Charts recorded
at full scale on 5” x 8” format and also enlarged them up to
32” x 24”.

6. Investigations should be conducted to determine which map
products can be made using conventional films (without conducting
l aye r s ) .

7. App lication of EBR technology to wideband image and data
recording should be invest igated.
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APPENDIX A

ENLARGEMENT OF CARTOGRAPHIC EBR IMAGE USING ETL

EXPERIME NTAL LASER PROJ ECTION PLATE MAKER
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DEPARTMENT OF THE A R M Y

UNITED STATES A R M Y  ENGINEER TOPOGRAPHIC LABORATORI ES
FORT BELVOIR , VIRGINIA 22060

EXPERIMENTAL LASER PROJECTION PLATE-MAKER

THIS FLIP CHART OF THE SAN FRANCISCO INTERNATIONAL AIRPORT

APPROACH WAS PRINTED FROM A LITHOGRAPHIC PLATE WHICH WAS EXPOSE D
ON AN EXPERIMENTAL LASER PROJECTION PLATE-MAKER A T THE U.S. ARMY
ENGINEER TOPOGRAPHIC LABO RATORIES (USAETL ) , FORT BELVOIR , V IRGINIA.

PROJECTION WAS DONE AT APPRO XIMATELY 4 .3X MAGNIFICATION FROM A
70mm FILM CHIP WHICH WAS PRODUCED FROM DI GITAL INPUT TO THE USAETL
ELECTRON BEAM RECORDER (E BR) . THE 70mm FILM FORMAT WAS ILLUMINATED
BY SWEEPING THE LASER BEAM (LEXEL MODEL 85 ARGON) WI TH AN X- ’Y
GALVANOMETER MIRROR SYSTEM.

THE PLATE IS KODAK “ K RL -X ” PRE-PROTOTYPE MATERIAL WHICH IS
SENSITIVE INTO THE VISIBLE SPECTRUM. EXPOSURE WAS EQUIVALANT TO 10
M(LL I-JOULES /CM2 FOR 60 SECONDS.

THIS WORK IS BEING CARRIED ON TO DEVELOP TECHNI QUES AND HARDWARE
TO CONVERT EBR FILM CHIPS DIRECTLY TO FULL •SIZE PRESS PLATES IN ONE
STEP. A POSSIBLE CONFIGURATION WOULD BE TO RECORD 49 FL IP- ’ CHART
PA GES ON A 5” x8” EBR CHIP AND PROJECT I T A T 7 X  MAGNIFICATION ON A LASER
PROJECTION PLATE-MAKER TO PRODUCE A PLATE FOR PRINTING THE 49 PAGES
WITH ONE PRESS PASS.

FUTURE WORK AT USAETL WILL BE DIREC TED TOWARD TEST ING THIS

CONCEPT A ND IN TEST ING LASER PLATE MATERIALS AS THEY BECOM E
AVAILABLE.
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