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Automated Editing of
Digital Graphic Data

Editing techniques for digital data files employed at the Defense
Mapping Agency Aerospace Center.

INTRODUCTION

This paper describes the editing tech
niques for digital data files employed at the
Defense Mapping Agency Aerospace Center
(DMAAC), Cartography Department, Auto
mated Cartography Division. A briefdescrip
tion of the hardware and its configuration
follows:

CALMAGRAPHIC III SYSTEM

Model No: CG4
Manufacturer: CALMA Co./Systems, Sci

ence Software (S3)

FEATURES

• Table Accuracy: :to.003" with compensat-
ing program.

• Resolution (recording accuracy): ±0.001"
• Repeatability: :to.OOl"
• Special environment: Maximum temp. 78°F

• Programs supported: Digital Radar Land
mass Simulation (DRLMS)
Digital Terrain Data (Tercom Projects)
Special digital data projects
Data bases
Automated cartography

ABSTRACT: Different methods used to edit digital data files collected
on the Lineal Input System and Calmagraphic III System together
with different techniques of editing specific features and specified
areas are discussed. Several practical examples of updating through
interactive editing and batch programs are included. The methods of
editing manifest the use ofa cathode ray tube (CRT) display, Interac
tive Edit Station, and high-speed proofing plotter.

COMPONENTS

• Two digitizing stations consisting of 4 com
ponents each: Digitizing table with a 46" x
52" working area, Alphanumeric keyboard,
X,Y and Z coordinate display, Teletypewri
ter RO-33 (Table controller)

• NOVA 1200 mini-computer (16K)
• Teletypewriter ASR-33 (System controller)
• Magnetic tape transport
• Two Caelus disks (data storage)
• Calma Systems Software
• MASK Edit System

4" x 4" message CRT
6" x 8" image CRT
Magnetic tape input/output
Diablo disk (data storage)
Alphanumeric keyboard, joystick
Systems software

The Calmagraphic III is a digital collection
and processing system which utilizes the
NOVA 1220 programmable high-speed con
trol computer. Included with the Calma
graphic III is the S3 MASK System which is an
edit device for Calmagraphic formatted data
(Figure 1).

The system collects lineal information con
tained on graphic source in digital form. The
system capabilities include an interactive
editing function which provides for stored
feature data to be corrected while in digital
form.

The Calmagraphic III also is an expandable
system. The hardware and software options
expand horizontally to multi-input station
systems and vertically to additional disks,
CRT display and plotter systems.
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FIG. 1. Calma digitizing and editing system.

CALMAGRAPHIC III EDITING

The Calmagraphic System is equipped
with several basic functions for locating
specific data within a storage disk. Editing
can be performed on each of the three levels
of the Calmagraphic formatting hierarchy (in
descending order: file, record, point). The
term "pointer" will be used to describe the
location on disk of the read/write head.

To initially identify features that need edit
ing, the data is plotted off-line via UNIVAC
1108 processing and then overlayed on the
source. Features to be edited, because of
header or location error, are marked and indi
cated by the unique feature number. The
source is put back on the digitizing table in
the same table coordinate system if features
are to be added or modified. Ifonly deletions,
elevation errors, and text changes are
needed, it is not necessary to locate the
source on the table. Any data files on tape
may be dumped to disk for editing.

The first function performed is that which
identifies in which of the ten files in the sys
tem the data to be edited is located. This is
accomplished by entering the command Cur
rent File, followed by the file number (l
through 10). Instead of typing the entire
command, the cartographer has the option of
typing in the first letter of each word, e.g., CF
for Current File. Commands for forward and
backward movement are used until the de
sired location is reached. To position the
pointer at the beginning of the file, Begin
File is entered. A Read All is executed to

double-check the header records, making
sure the proper file has been entered for edit
ing. (At this point the cartographer is ready to
commence editing.) Several methods can be
used to locate a specific point, header, or fea
ture. When a specific feature is needed for
editing, Scan Forward or Scan Backward is
entered, followed by the unique header as
signment number of the feature in question
(Figure 2). The software responds by repeat
ing the unique header assignment number
when the feature is located.

When digitizing, Text Mode is used to in
dicate a header. A Line Mode or Point Mode
indicates digital data. All data points under
Point Mode are printed out (Figure 3), but
under Line Mode only the start and stop
points are printed; therefore, several records
of data can be located under one Line Mode
feature, depending on the length of the fea
ture. Each data record holds 76 X's, y's, or 38
points.

If the edit candidate feature has a small
number of records, it is practical to print out
the entire feature with a Read Record or Read
All. After printing out the data the cartog
rapher can visualize the entire feature to be
edited. Realizing that the pointer is at the end
of the last record read, a back space and a
forward space of the pointer is used until the
desired location is reached. The Previous
and Next commands can be employed to
move the pointer back and forth point-by
point, or the Scan Forward and Scan Back
ward may be used to find specific points.
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%
"TM
· 90000/2/@O,162

MASK SYSTEM

The Systems, Science and Software
Corporation's Mask System is an edit station
adapted by DMAAC and S3 to edit Calma
graphic data. It can be used off-line or on-line

At this time the three major edit functions
can be used: Edit, Coordinate, Edit Z (Eleva
tion), and Edit Text. After entering the com
mand for the proper edit function, the correc
tion is made. Point and line data are edited in
the same manner. To delete data, a Scan
Forward is initiated to the first good point,
the end data saved, a Scan Back to the last
good point, and the end data is added; there
fore, the data in between is covered up. In the
same manner, data may be added to any rec
ord by saving the end data at the location of
data insertion. The new data is digitized, fol
lowed by the old data that was saved. If bad
data exists at the end of a file, the file is
scanned to the last good point and Kill End is
entered, deleting all the following data. An
end-of-file is located after the last data record,
and is automatically moved during editing
and digitizing to insure that it remains there.

Two other types of pointer movement
which can be helpful in editing are the
Forward/Backward Z and the
Forward/Backward Text. Each of these func
tions scan header-by-header or elevation
by-elevation for editing or verifying the qual
ity of data. Upon completion of editing, the
data file is plotted off-line in order to verify
the edit modifications. The data is dumped to
tape for further processing and use or data
base storage.
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to access data from the collection disk or to
input from a data save tape. This edit station
increases the ability of the Calmagraphic
editing capabilities via CRT display. This
editing can be performed on-line and pro
vides the capability to display and edit mul
tiple features concurrently. The Mask Sys
tem consists of a graphic console which in
cludes an ll-inch CRT to display data, a
6-inch CRT message display, a joystick for
cursor control, and a program function
keyboard (PFK) for function conttol and mes
sage inspection. (Figure 1).

The Mask System has been designed to
maximize the amount of information which
can be delineated on the CRT display and
still perform useful work. All data is divided
into cells. Cell placement can be accom
plished with a cell outline which can contain
text as a designator. Cells may be exploded
(divided) so that modifications may be made
cell-by-cell and level-by-Ievel with both ease
and speed. A cell may be displayed by
specified levels. Editing may occur on any
level on any cell. All cells designated by the
same name will carry any modification made
to anyone cell with that name. Cells have a
hierarchical structure which makes it possi
ble to make cells from cells. A cell may be
defined by selection ofall features in a source
file or by specifying the diagonal points ofthe
desired area. The recalling of cell informa
tion is secured through parameter verifica
tion. Data displayed may include coordinate
levels and names of cell members. Edit
Functions of the Mask System include:
stretchable components, grouping, duplica
tion, merge, measure-and-move, scaling,
blanking-and-deletion, zoom-and-window,
grid, and ruler.

When using the stretchable components,
any rectangle string or interconnect may be
stretched or modified to allow rapid editing
and ease of modification. Grouping provides
the ability to gather all ofthe components ofa
feature file into a logical unit to be treated as
an entity. The duplicate function allows the
mass reproduction of geometry, individual
features, cells or a group of features. The
merge operation joins cells containing rec
tangular or string data. Any number of en
tities can be merged deleting common lines.
The measure-and-move function measures
distances from any feature and will move a
feature in any direction for any distance indi
cated. Automatic scaling assures that a
selected portion of data completely fills the
screen in its longest direction. A controllable
variable line width is available which is use
ful when trying to decip:ler dense data. As

with system editing, lines, strings, closed,
and open features may be created at any
level. Of course the reverse is also true; any
feature may be deleted for a file at any level.
Blanking aids in the reduction of clutter and
allows the operator to work with as few fea
tures as are needed in order to complete the
edit.

For editing the Mask System allows 32 dif
ferent levels of data division. Four additional
functions which aid the operator with editing
are the zoom, window, grid, and ruler, each of
which can be used individually, or all may be
used together. The zoom allows the operator
to blowup any data to a larger scale for editing
and then return it to its original scale. Win
dow allows the user to choose a portion of the
data file to be displayed at whatever scale fits
on the screen. The grid and ruler can be pro
jected on the screen to aid the operator in edit
alignment and in the measurement of proper
edit changes.

Upon completion of editing, the file can be
dumped back to tape and stored in cells
which constitute a data base. Cell descriptors
list the geographic areas covered and type of
data included.

LINEAL INPUT SYSTEM

Model 0: Included after each item
System Design: RADC and PRC

COMPONENTS

• Four Gradicon digitizing stations consist
ing of six components each:
Digitizing table with a 35" x 48" working
area.
Alphanumeric keyboard
Special Function keyboard
PDS-l Computer, 8K core
Interface (Table/CRT Display)
CRT display (Refresh, 40/sec)

• PDP-IS Master Processor, 32K core
• Teletypewriter KSR-35 (system controller)
• Teletypewriter (DEC), (system monitor)
• Optical paper tape reader/punch
• DEC tape (program input/output)
• Three magnetic tape input/output units
• High speed on-line printer
• Two floating head disk pack drives (data

storage)
• Interactive edit station

Inverse plotter
CRT image display
Alphanumeric keyboard
NOVA 1200 (8K)/PDS-lD (16K)

• Systems Software: PRC and Ph.D. Corp.
• Off-Line Xynetics Plotter

FEATURES

• Table Accuracy: +0.002"
• Resolution (recording accuracy): +0.001"
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• Special Environment: Air Conditioned
68°-72°F Humidity controlled

• Programs Supported: Digital terrain data
Special digital data projects
Digital culture data
Automated cartography

The Lineal Input System (LIS) is a digital
collection and processing system (Figure 4)
developed by Planning Research Corpora
tion under contract with the Rome Air De
velopment Center. The system will convert
graphical information contained on source
maps to digital data in table-coordinate form.
The master processer (PDP-IS) also contains
batch programs for the transformation of the
data to geographies, clip/join, section, panel
and plot data. The system capability also in
cludes on-line editing via CRT display. Once
data is digitized and conveIted to geographic
form, it can be changed to any scale, projec-
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FIG. 3. Portion of a Calma data file 
point

tion, or spheroid desired without regard for
the source used. The Xynetics plotter is used
for a "quick look" verification plot.

The LIS is an expandable system capable
of handling eight digitizing stations and two
edit devices. The Interactive Edit Station is
equipped with an inverse plotter.

XYNETICS PLOTrING SYSTEM 1200
Model No: 1200

Manufacturer: Xynetics

COMPOI\ENTS

• Xynetics plotting table with a working area
of 89" x 57"

• Lockheed Mac)r. mini-computer controller
(8K core)

• 9 Track tape drive input
• Teletypewriter ASR-33 controller

FEATURES

• Plotting Accuracy: ±0.005
• Repeatability: ±O.OOI
• Plot speed to 40 IPS (Skew rate)
• Programs Supported:

LIS Output and general/miscellaneous data
plotting

The Xynetics is a high-speed proof plotter
with four-color pen/ink capability. Other op
tions include scribing and multi-file plotting.
The Mac Jr. Controller mini-computer has 8K
core and programming capabilities. The plot
ting system was designed for specific use
with the LIS.

LI EAL INPUT SYSTEM EDITING

DIGITIZING/EDIT WORK STATION

The value of editing digital data is support
ed and strengthened by the ease with which
it can be accessed and modified. The Lineal
Input System provides a fully interactive
editing capability that includes modification
and deletion offeatures within a file. Editing
is done during data collection and/or after the
completed file has been plotted and re
viewed.

Features to be edited are selected directly
from the source graphic which is registered to
the digitizing table. The cursor is placed over
the feature to be edited and a button is de
pressed to indicate a search for the feature. Ini
tial verification is via display of the feature
header. The feature retrieved from the LIS
data base is portrayed on the CRT display.
The cartographer may examine the feature
visually through a 4V2-inch "window" that
under user control, may be walked along the
entire feature. In this manner the user can
review the data file, thus verifying the exis
tence and form ofany single feature. After the
feature is verified, editing may begin.
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The LIS utilizes two methods of editing:
Type I and Type II. Type I is concerned only
with the feature being digitized. The digiti
zation process includes the capability ofceas
ing digitization at any time in order to correct
operator error in cursor movement within
approximately the last 3 inches of data (Fig
ure 5). Any errors which occur beyond this

ERROR \

) CURSOR

/

eligible distance must be corrected later by
means of Type II editing. To correct an error,
as in Figure 5, the cartographer depresses a
button in order to stop recording data points
and projects the feature on the CRT display.
He positions the cursor at a point before the
error and "gangs"* the cursor. At this point all
the data before the cursor position is left un
touched and all the data after the cursor posi
tion is deleted. The cartographer will con
tinue digitizing from this cursor position. A
smoothing routine is incorporated into the
edit change so that an acceptable join is ob
tained between the old data at the point
where !he cursor was ganged.

• Gang: join to the feature at the point over which
the cursor is located.

ERROR

LOCATION
~OF CORRECTION

GANG CURSOR
BEFORE ERROR

"GANG CURSOR AT
CUT-OFF LOCATION

Fig. 5. Type I edit example.

ERROR

'"
'-LOCATION TO

START ERROR CORRECTION

~"~AA"
Fig. 7. End-segment modify (delete end
segment).

~GANG CURSOR AND DIGITIZE
CORRECTION JUST PAST THE
ERROR

~ LOCATION TO.F '<'- START ADDITION

~ GANG CURSORr ""-AND CONTINUE DIGITIZIlIG

CORRECTED DATA

FIG. 6. Mid-segment modify.
FIG. 8. End-segment modify (extend end seg
ment).
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WILL CLIP
(STREAM TO RIVER)

WILL JOINJ
(STREAM TO RIVER)

WILL NOT CLIP
(RAILROAD TO RIVER)---(OINDICATES FEATURES WHICH ARE CLIP/JOIN CANDIDATES)

FIG. 9. Clip/join program.

SECTIONED FILE

FIG. 10. Geographic sectioning.

Type II editing incorporates the ability to
modify end-segments, modify mid-segments,
join features, modify descriptor and delete a
feature. Once the cartographer has plotted
the desired data on the high-speed proofing
plotter, he will indicate on the plot those fea
tures requiring modification. After the data
file has been registered to the table, editing
may commence. An existing feature may be
modified to replace an internal segment with
a new segment which can be longer, shorter,
or the same size as the one being replaced.
The cartographer indicates which feature is
to be edited by locating the cursor over the
feature and depressing a button to find the
feature. After displaying the area to be mod
ified (Figure 6), a mid-segment modify is in
dicated as the edit function to be used. The
cartographer gangs the cursor before the
error and digitizes the correction just past the
error. The operator may accept or reject the
change. A "reject" would display the old fea
ture thus permitting the cartographer to cor
rect the error again. An "accept" would in
itiate a change in the data base to the new
feature. A smoothing routine again adjusts
the corrected portions of the feature data that
was not changed.

An end-segment modification is. very simi
lar to mid-segment in that an existing feature
may be shortened or lengthened from the
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FIG. 11. Data base update, geographically defined - cell extraction.

existing terminal or starting point. Obvi
ously, this does not include a closed feature.
After the feature has been located, the cartog
rapher indicates which end ofthe feature is to
be modified. After this has been done, he will
proceed either to shorten or to lengthen the
feature. To shorten a feature, the cursor is
located over the end of the feature to be trun
cated (Figure 7). The cursor is ganged at the
point to be truncated and an end of feature is
indicated with the proper button. The edited
feature is displayed for rejection or accep
tance. To extend a line segment, again the
cursor is located over the end of the feature to
be extended (Figure 8). The cursor is ganged
near to or at the end of the feature and the
desired extension of the line segment is di
gitized (Figure 8). When finished, the feature
will be displayed for acceptance or rejection.

A smoothing adjustment is incorporated in
order to force the new extension to fit the
previously digitized data.

The join-feature function is used to join
two individual features to form one carto
graphic feature with one unique header de
scribing that feature. This function only deals
with joining end-points, and is easily done by
indicating the two features to be joined.

Descriptor modification deals with the tex
tual information of a feature being changed
because of error in description or the reflec
tion of a new update from current informa
tion, e.g., changing the name of a culture fea
ture. The final function that can be performed
on an individual feature is the deletion of that
feature from a file or data base without the
altering of any existing data. The cartog
rapher simply locates the cursor over the fea-
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FIG. 12. Data base lIpdate, geographically defined - cell insertion.

ture to be deleted, finds the feature in the file,
and indicates with the delete feature function
the purging ofthat feature from the data base.

Once data has been digitized, edited, and
stored in a data base, it may be recalled at any
time for updating or corrections and returned
to the data base for storage and further use.
All points in the data base are in geographic
form. When calling up a specific area ofdata it
may be transformed to any scale, projection,
or spheroid the user wishes.

BATCH SOFTWARE EDIT! G

The first "batch" routine is designed for
culture features in a data base. Clip/Join is an
automated editing routine in which the en
tire data base is searched for inadvertent
overruns or underruns at the junction of fea
tures. An important input option is the over-

ride to the clip/join threshold. The operator,
after producing a proofing plot, can decide
how large to set the threshold for clip/join
candidates. When clipping or joining, a soft
ware check is made ofheaders to assure that it
is working with the same class of features.
(Figure 9 displays a sample me before the
clip/join program has been induced and the
possible clip/join candidates of that file.)

A second "batch" routine which can be
used in several beneficial ways is sectioning.
When sectioning, the output data is assumed
to have well-defined straight-line borders.
The sectioning program works with geo
graphic or machine-coordinate files. One ex
ample of application is its use along sheet
edges. After a me of data is digitized and
edited, features obviously need clipping
along the sheet edge (Figure 10). The cartog-
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FIG. 13. Data base update, location defined - cell extraction.
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rapher inputs the mlDlmum and maximum
longitude and latitude parameters of the
sheet as the data limits. Figure 10 also shows
the results of a geographically sectioned file.

A second application of sectioning can be
performed in two ways: geographically de
fined and location defined. A geographical
section for a data base update is done in the
same manner as the section along sheet
edges, but with different results. First, the
area to be updated must be defined by select
ing the closest known geographic values for
the minimum and maximum latitude and
longitude (Figure 11). Once the parameters
are chosen, the data base can be processed by
the section program which would extract the
area defined for updating (Figure 11). After
extraction, all the previously discussed edit
functions may be used to update the data.
Features can either be modified to the new
specifications or deleted and re-digitized. At
the completion of editing, the updated file
(Figure 12) can be inserted (paneled) into the
original data base. The panel program per-

forms several tasks in addition to inserting
the edited file. The first task is to check head
ers of features close enough to panel to
gether, making sure they match. Features
with the same header within a specifIed tol
erance will be paneled together making one
unique feature with one header. An override
option is also built into this program which
will smooth joins between two features and at
the same time re-sort the data into one con
tinuous string. After completion of one fea
ture it will search through the data file look
ing for other panel candidates until it has
checked every situation. Upon completion of
the panel, a report is given stating the dis
crepancies in panel candidates, such as fea
tures close enough to panel, but with unlike
headers. After the insertion is performed, a
plot of the corrected data base is executed on
the proofing plotter in order to verify the up
date and insertion to the data base (Figure
12).

The second method of performing a data
file update is location-defined. If the cartog-
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UPDATED DATA CELL
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FIG. 14. Data base update, location defined - cell insertion.
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rapher cannot geographically define the area
to be updated, he can physically locate the
cursor on the source documented and indi
cate the vertex points surrounding the area to
be updated (Figure 13). The parameters of
this method restrict the user to defining a
polygon with three to eight vertices. Again,
the area to be edited is sectioned from the
data base (Figure 13) and updated (Figure
14). After the changes have been made, it is
paneled to the data base (Figure 14).

Ifthe graphic data file is small enough,* the
edit functions may be performed directly to
the LIS data base instead of to an extracted
portion.

INTERACTIVE EDIT STATION

The LIS also is equipped with an interac
tive edit station, developed by Concord Con
trol Incorporated, which utilizes an inverse
plotter and CRT display. All ofthe previously

* The size of the data file is dependent on the
density ofdata and the scale with which the cartog
rapher wishes to work.

mentioned edit functions also can be per
formed at this device. In addition to those
functions, the cartographer has a number of
additional tasks which will aid him in the
correction of digital data.

While the user is editing data on the CRT
display, he can plot the results as they occur.
The option for changing plotting scale also is
offered. If the cartographer wishes, he can
choose a specific feature or features to be
plotted. For addition to the area of the plotter
designated for data, a small "scratch" area
can be used to plot any feature at any scale
desired. This option is especially useful for
plotting features being currently edited. The
four color plotting capability allows the car
tographer to choose any color pen to plot any
feature or features desired. The edit device is
used for the editing of completed files, al
though digitation also may be performed.

CONCLUSION

The procedures and techniques described
provide a capability for editing, modifying,
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and updating both graphic features that have
been digitized and individual data files. Both
the Mask System and Interactive Edit Station
are now being fully explored in a test and
evaluation environment. A refinement of
techniques in conjunction with innovative
ideas surely will fully develop their editing
capabilities.
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