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FOREWORD

The digitizing of cartographic data is probably the most resource inten-
sive phase of constructing a digital cartographic data base or wutilizing
a geographic information system. A wide variety of hardware and software
have been developed to perform this task. The cost of such systems range
from a few thousand to several hundred thousand dollars. 1In order to
better acquaint the Federal community with the wide variety of existing
systems, the Technology Exchange Working Group of the Federal Interagency
Coordinating Committee on Digital Cartography sponsored a Workshop on
Methods and Techniques for Digitizing Cartographic Data. This Workshop
was held on June 12, 1985 at the U.S. Geological Survey, Reston, Virginia.

The Workshop consisted of technical presentations and discussions on
automated data capture systems; digitizing, data editing, and structuring
systems; and digitizing standards used for all work done, either in-house
or contract. The presentations included a description of the various
systems as well as an assessment of the strengths and weaknesses of each

system.

The majority of speakers have provided a paper or outline summarizing the
key points of their presentations. These articles are presented in this

proceedings.
Sﬁ’]/u« /m/J/U

Step en C. Guptill
Chairman, Technology Exchange Working Group

Publication authorized by the Director, U.S. Geological Survey, on
October 22, 1985. Any use of trade names and trademarks in this
publication is for identification purposes only and does not constitute
endorsement by the U.S. Geological Survey.
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THE SCITEX RASTER GRAPHIC
PROCESSING SYSTEM

Michael P. Lee
National Mapping Division
U.S. Geological Survey
526 National Center
Reston, VA 22092

INTRODUCTION

In 1978, the USGS acquired its first Scitex Response equipment to use
raster-formatted data for digital cartographic applications. This initial
purchase included two color scanners, two interactive editing stations, and
one high-speed laser-drum plotter. Early applications research and
development efforts with the Scitex addressed:

Map replication

Map revision

Processed-image graphic generation
Computer-generated simulated-color orthophotos
Slope map thematic graphics

Open-window thematic graphics

Digital line graphics
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Today, the USGS has the two original color scanners, fifteen (15) interactive
editing stations and one upgraded laser plotter with both halftone and
continuous-tone plotting capabilities. The system is in full production with
on-going applications research continuing in such areas as the digital
revision of 1:24,000-scale topographic maps, bulk data collection for
1:24,000-scale digital 1ine graph (DLG) data-base categories, geologic map
color separation, and high-quality Landsat image generation.

AGENCY APPLICATIONS

Currently, the USGS Scitex equipment is used as a bulk data entry and editing
system in support of a joint USGS/Census Bureau project. The thrust of this
project is to provide complete DLG transportation and hydrography data-base
coverage of the United States at 1:100,000-scale for use in the 1990 census.

Briefly, color proofs of transportation and hydrography feature separates are
prepared from 1:100,000-scale graphic sources. These proofs are scanned on
the Scitex and the resulting raster linework files are interactively edited to
ensure proper skeletonization (1ine thinning). After skeletonization, a
raster-to-vector conversion of the data is performed and the vector data are
output to magnetic tape. These raw vector data are then passed to an off-line
structuring program which yields preliminarily structured DLG data files.
These data sets in turn are loaded on interactive vector-based workstations
(i.e., Intergraph) for further attribute tagging and editing.



RASTER DATA PROCESSING

Raster Data Structure

A matrix or array of spatially ordered numbers is termed a raster and each
cell within it is called a pixel or picture element. The manner in which
these numbers are ordered or structured varies according to application and
computer storage requirements.

The most common data structure for cartographic applications is the linear
Tist (Horowitz and Shani, 1978). Linear lists possess some sort of a single
dimensionally ordered set of elements. The type of ordering is dictated by
data processing requirements (i.e., line by line). Within the linear list
structure are a number of substructures or coding schemes:

Run coding

Chain coding

Column ending notation
Linked lists

Sparse matrices

O O0OO0OO0Oo

Raster processing entails the storage of large volumes of data. The
development of these varied substructures has hinged primarily on the need for
data compression, with specific concern to the type of data captured and
stored, as well as the techniques utilized to process and manipulate the data.

The most prevalent linear-1list substructures in cartographic use today are run
coding and chain coding (Horowitz and Shani, 1978). Run coding is the most
common raster data format, while chain coding is the most common vector data
format. A brief comparison is provided.

The chain coding data structure has been used extensively for representing
curves or sequences of points. The simplest way to describe a curve is to
record X and Y coordinate pairs for each point or pixel of the curve. This
method of storage is extremely inefficient, and can be improved by recognizing
that any single pixel in a rectilinear array, as shown in Figure 1, has only
eight possible neighbors.

Figure 2 shows a curve representation utilizing chain coding. This coding
scheme records X, Y coordinates relative to a previous pixel in terms of
direction. Therefore, an entire curve can be described by an initial X, Y
position followed by a sequence of directions to the next points. This scheme
only requires three bits to store the direction, thus providing substantial
savings in storage.

Run coding is a simple coding technique for data compression. Images stored
in raster formats contain segments or scan lines. Figure 3 shows such a scan
line. If there exists a significant change in detail in this scan line, an
"edge" is said to occur. The number of pixels from the first edge to the
second represents a "run" of like pixels. If, as in Figure 4, the locating of



the end of a run is determined by counting the number of pixels from the
beginning of the line to the end of the run, the data structure is called
run-end coding. If, as in Figure 5, the locating of the end of a run is
determined by counting the number of pixels from the previous end, the data
structure is termed run-length coding.

Run-end coding requires a large, fixed number of bits to define each run
position. Run-length coding requires fewer bits on the average, thus offering
the advantage of storing an image in a smaller amount of memory (Pratt,

1978). The Scitex utilizes the run-length coding scheme for data collection,
processing, and output.

Data Collection

The capture of data for raster data structures requires the use of special
hardware devices commonly referred to as raster scanners. Unlike manual
digitizing equipment, on which features of interest are traced and stored in
vector chains, scanners convert a source document to a series of successive
scan lines which contain values relative to optical densities present on the
source manuscript. Early black-and-white scanners would optically sense the
presence or absence of black linework on a source and store the captured data
as a binary raster image; 0's for white and 1's for black.

The pixel size, or resolution, or early scanners, varied from instrument to
instrument, but today's commercially available scanners are capable of sensing
data at 0.001 inch (1 mil) resolution. Color scanners with these resolution
capabilities (such as the Scitex) have been available since the mid-1970's.

The current hardware designs of scanners generally fall into two categories;
flatbed and rotating drum. Flatbed scanners, as portrayed in Figure 6, are
composed of a flat table surface and a gantry which carries an optical sensing
device. Source documents, which are held in place by a vacuum, are positioned
on the table surface. Figure 7 shows the manner in which the sensor moves
over the desired scanned area. This scanning order is termed "row prime"
(Goodchild and Granfield, 1983).

Rotating drum scanners, such as the Scitex and that which is portrayed in
Figure 8, are becoming increasingly popular. These scanners are comprised of
a rotating drum scanning surface and an optical sensing unit which is held in
place above the drum by a leading screw. Source documents are mounted on the
drum and held in place by a vacuum. As the drum rotates, the optical device
senses a row of data and is then incremented by the leading screw to capture
the adjacent row. As Figure 9 illustrates, this type of data capture is
termed "row order scanning", with the first scan line sensed down the drum
becoming the first scan line across the image (Goodchild and Granfield, 1983).

The Scitex scanner contains a 36-inch x 39-inch rotating drum and an optical
head capable of sensing reflected color. Prior to scanning, the Scitex
operator chooses a scanning resultion (which can range from 4 to 47 pixels per
mm) and calibrates all colors on the source document.

The Scitex calibrates color by measuring the additive color reflectance
characteristics of a color on the source. The additive colors are red, green,
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and blue. Ideally, white would be 100% red, 100% green, and 100% blue. Black
would be 0% red, 0% green, and 0% blue. Yellows typically possess high red
and green percentages and a low blue percentage. Violets are high in red and
blue content and low in green. Browns contain a moderate red and green
percentage and a low blue percentage. By directing the optical head to each
color on the source, red, green, and blue ratios are measured and stored for
subsequent use in the data scanning process. During data capture, sensed
ratios are compared with stored ratios and color assignments are given to each
run length. The Scitex is capable of sensing twelve colors per scan.

This coding scheme is repeated until the end of the scan row is reached, at
which time an end-of-line bit is set. The optical sensor is then advanced one
resolution unit in the y-axis and is ready to capture the next scan line.

Upon the completion of a scan, the raster data file is stored directly on
magnetic disc and is ready for manipulation by the cartographer.

Interactive Data Manipulation

One way to manipulate data on the Scitex is interactively., Many times the
altering of data requires human interaction to decide which action should be
performed to affect a desired change. This type of processing is done at the
Scitex edit station.

The edit station is composed of a 19-inch color display console, digitizing
tablet, electronic stylus or cursor, a special function box, an alphanumeric
terminal, a tape drive, a central processing unit (CPU), and two disc drives
which provide online magnetic disc storage. Stored files on disc are
accessible via the edit station. Files are called to temporary memory
locations and interactive processing is performed. When editing is complete,
the raster file can be restored on disc.

For interactive editing, it is desirable to view all or portions of the
scanned file on the color console. Color channels, which correspond to the
order in which colors were calibrated during the scanning process, are used to
recreate the scanned image on the screen in colors that closely resemble those
on the source document.

The color console's resolution is limited to a maximum of 320 pixels across
and 256 pixels down the screen. Therefore, if a file possesses a resolution
of 10 pixels per mm, a maximum area of 32.0 mm x 25.6 mm, at source scale, can
be displayed in full detail. By zooming down, or sampling by one increment,
the operator could quadruple the areal view of a file being displayed with
only a slight loss of detail. In effect, every other scan line is eliminated
(for display) as is every other pixel. The remaining image is compacted into
one-fourth the original area and the surrounding voids are filled in with
adjacent data using the same compacting method.

Zooming up, on the other hand, replicates the scan lines and the pixels
within, but does not increase the detail; the finest detail attainable is at
the scanning resolution.



The special function box enables the operator to move about the raster file in
a display mode, in various zooms, as well as interact with the data. Coloring
is the digitizing action invelved in changing the color value of a pixel or
group of pixels to any of the remaining eleven color channels. The function
box is used to select the color to be drawn and the size, or width in pixels,
of the color dot to be drawn. By placing the stylus on that area of the
display that needs editing, the operator can press down and color the selected
areas with the chosen color channel. Certain colors on display can be
protected from this action and will not be overridden in the coloring
procedure. This process is especially useful in correcting areas of a file
which contain erroneously coded pixels caused by color mixing during the
scanning phase. Many times transition areas will be sensed as some other
calibrated color and improperly coded during scanning.

Automatic Data Manipulation

Scitex automatic functions are used to manipulate data in desired ways. These
functions are initiated at the edit station's alphanumeric terminal. Some
automatic functions allow interactive editing at certain phases of their
execution. Other automatic functions do not need operator intervention and
act upon a file in a global fashion.

A11 automatic functions use prompts to gain user-defined parameters. Knowing
the functions and prompt entries which are necessary for execution prior to
their use can facilitate a time savings if the operator chooses to batch
certain automatic functions. The Scitex text-editor enables the operator to
set up a series of function commands and prompt entries to (1) retrieve files
from storage, (2) act upon them with either one or many automatic functions,
and (3) store the altered files in the Scitex library. Using the text-editor
in this fashion allows time-consuming operations to execute during non-peak
hours and leave the peak periods for those operations that require operator
assistance or interactive editing.

Data Qutput

The final component of the Scitex is the laser plotter. This equipment is
used to plot images on photographic films. The most common apoplication of
the laser plotter in cartography is producing color separation films for
either compilation or reproduction purposes.

In either case, color separation is a costly process to perform
photographically or manually. The Scitex easily performs these tasks. The
plotter is composed of a 40 x 75-inch, high-speed drum, an argon laser, and a
servo head which directs the laser beam onto the drum surface. The servo head
moves horizontally across the rotating drum in the same manner as the
scanner's optical sensor. Film is mounted on the drum and exposed with a
pre-selected color channel; thus the color separation procedure becomes a
plot-no plot activity, plotting only areas of a raster file which contain the
identified color. Exposing all colors in the same fashion, on separate films,
produces a set of color-separated positives or negatives, depending on the
purpose of the separation procedure.



Another capability of the laser plotter is exposing all colors of a file in
conjunction with screening options. By assigning different screen densities
to each color to be exposed, half-tone screened products can be achieved using
a single exposure by the plotter.

ATTRIBUTE CODING SCHEME

As discussed previously, the Scitex Response system uses a run-length encoding
scheme for data capture, processing, and output. This data structure's
primary attribute is color. 1In addition, it is assumed that the Scitex
Operating System also assigns topological connectivity values to individual
pixels above the pixel level for use in many of their processing algorithms.
This type of attributing is transparent to the user and is beyond the scope of
this discussion.

The Scitex is also capable of converting lineal features embedded in the run
lengths into vector strings. Vectorization entails reducing lineal features
within a file to one-pixel-width lines, or skeletons. Once in this form,
local minimums and maximums can be detected and chain-like data strings
isolated and combined to form vectors. This process is performed for each
color line present in the raster file. During this conversion, each color is
assigned a “"font" code which, in itself, can be considered a vector attribute.

For the joint USGS/Census project, all raster linework is in one color and
therefore, all vector strings derived from these files have the same font
code. In the case of 1:100,000-scale transportation overlays, this font code
corresponds to the DLG attribute code for fourth-class roads. (Fourth-class
roads happen to be the most prominent features on 1:100,000-scale
transportation graphics.) This DLG attribute is assigned during off-1line
processing and structuring. The resulting DLG files are subsequently loaded
onto vector-based graphic terminals where first, second, and third-class roads
are re-attributed and final re-structuring of the data commences.

In this context, the Scitex possesses a primitive attribute coding scheme
within its vector data structure. Other attribute fields are present in these
vector files (i.e., color, curve type, line weight, etc.), but their use is
geared more toward vector-to-raster conversion and raster symbolization.

STRENGTHS AND WEAKNESSES

Strengths

A major strength of the Scitex Response system is high-speed data collection
and output. Relatively quick raster scanning can be performed independent of
a document's complexity and often takes only a fraction of the time other
systems need for vector input. Scanning a document 24 by 36-inches at 20
points per mm takes 94 minutes. Plotting another document the same size and
resolution requires less than 15 minutes.

Color encoding provides the flexibility of scanning monochrome or multicolored

documents including lithographs. Monochrome source materials can be
pre-digitally annotated with color markers to aid in the editing of unwanted
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features and/or used as a guide to areas within a file that are known, through
experience, to exhibit anomalies caused by processing algorithms. Where color
separations of an existing lithograph are not available, the Scitex is an
excellent solution to obtaining such products by scanning the lithograph,
editing the raster file, and digitally separating colors on the laser plotter.

Variable input resolutions also enhance the usefulness of this digital tool.
Depending on data density, data type, and associated accuracy requirements, a
resolution can be selected to uniquely satisfy the needs of the user with
respect to application, processing times, and output product quality.

Raster data manipulation is another strong feature of the Scitex Response
system. Interactive editing at the Scitex edit station provides the
opportunity to selectively alter and view data prior to output. Hundreds of
automatic functions are available, many of which exploit the topologic
properties (i.e., connectivity) inherent in raster data structures. These
functions enable the user to alter, clean, and/or isolate data elements for
specific applications. Macros of automatic functions can be constructed and
batched during non-peak hours.

Scitex supports a system contained raster to vector capability. This
eliminates off-loading data to ancillary systems to perform this process.

Upon vectorization, data can be acted upon at the Scitex edit station or
off-loaded to vector-based graphic systems for additional work. In addition,
a varijety of vector data structures can be accommodated by the Scitex. A
primary use of this capability could be template tracking of vector data for a
vector-to-raster/symbolization utility, but this type of application needs
extensive testing and development. Some private industry concerns are using
this type of application with their Scitex's but their data/symbol
requirements do not approach the complexities of topographic mapping.

Weaknesses

A major weakness of the Scitex is the extensive interactive editing often
associated with many system applications. Because source materials are
primarily color separations of existing graphics, digitally separating or
deleting features which appear in the same color can become a very
labor-intensive activity. This unfortunate condition adversely effects most
production scenerios, though it is still considered more cost effective to
employ raster graphic processing than to rely solely on manual vector
encoding. Future research and development activities will address refining
the pre-scan options available to the cartographer for preparing source
material derivatives used in the scanning process.

Another "drawback" to raster processing is its relative newness in cartography
when compared to vector technologies. Vector conceptualization is well
established in digital cartography; thinking in raster is not. They are two
different types of digital processing and raster data structures are often
viewed as "lacking" when traditional vector-based capabilities cannot be
mimicked. Understanding raster technology's niche in digital cartography,
coupled with continuing research and development, should help dispell this
notion.
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Other associated weaknesses of the Scitex include: (1) limited cartographic
software development; the Scitex Operating System code is not available to
customers, (2) a knowledge base located in Israel; software problems are
resolved overseas resulting in slow response rates, and (3) purchasing for the
public sector; Scitex equipment is very expensive and usually entails a
sole-source procurement.

FUTURE SYSTEM PLANS

Currently, research activities are focusing on using the Scitex as a primary
data collection device in digital data-base construction. Soon, a research
project will be initiated to study a variety of data collection and processing
scenarios for capturing graphic-based spatial information in support of
1:24,000-scale DLG hypsography and hydrography data-base categories. These
categories, in turn, will offer the USGS and its customers greater
opportunities to use these types of files to construct high-quality digital
terrain models.

In addition, the continuous-tone upgrade to the Scitex laser plotter will
enable the USGS to produce high quality, large-format Landsat images which
closely resemble photographic prints. Increased contrast, edge enhancements,
and the use of a black printer are all new capabilities provided with this
upgrade. Future research will also address the use of the Scitex Response 280
to scan linework and text into the system and merge this data with the Landsat
image prior to plotting.
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USGS SCITEX RESPONSE 280
MAPPING SYSTEM

FACT SHEET

Hardware Configurations

2 Scitex color scanners, each consisting of:
o 136" x 39" color scanner (drum)
0 1 Hewlett Packard 21MX-E computer
o 1 or 2 Hewlett Packard 7925 disc drives
o 1 Hewlett Packard 7970 magnetic tape drive
15 Scitex interactive editing stations, each consisting of:
0 1 Hewlett Packard 21MX-E computer
0o 2 Hewlett Packard 7925 disc drives
0 1 Hewlett Packard 7970 magnetic tape drive
0o 1 Hewlett Packard 2640B CRT
o 1 Hewlett Packard 2631B printer
o 1 Scitex color design console
1 Scitex Laser Plotter consisting of:
o 140" x 75" laser plotter (drum)
0 1 Hewlett Packard 2IMX-E computer
0 2 Hewlett Packard 7925 disc drives
0 1 Hewlett Packard 2640B CRT
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Sof tware

Scitex Response 280 software with scanning, plotting, and
automatic/interactive editing capabilities.

Scitex Response 300 software with continuous-tone plotting capability.

Locations of Computer Facilities

Eastern Mapping Center
Reston, VA
2 scanners, 9 edit stations, 1 laser plotter

Mid-Continent Mapping Center
Rolla, MO
2 edit stations

Rocky Mountain Mapping Center
Denver, CO
2 edit stations

Western Mapping Center
Menlo Park, CA
2 edit stations

System Costs (all standalone)

1 Scitex color scanner with associated peripherals - $150,000
1 Scitex edit station with associated peripherals - $250,000
1 Scitex laser plotter with associated peripherals - $300,000

Agency System Contact

Michael P. Lee

National Mapping Division
U.S. Geological Survey
526 National Center
Reston, VA 22092

(703) 860-6201
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LASER-SCAN AUTOMATED
MAP PRODUCTION SYSTEM (LAMPS)
AT U.S. GEOLOGICAL SURVEY

Robert L. Gwynn
Cartographer
U.S. Geological Survey
526 National Center
Reston, Virginia 22092

INTRODUCTION

The Laser-Scan Automated Map Production System (LAMPS) is a standalone data
acquisition system with capabilities for digitizing, editing, and plotting in
vector format. The system will be used to create, update, and manipulate
digital cartographic data. It provides a fast, efficient, and cost-effective
method for database creation and map production.

The LAMPS at USGS recently passed acceptance tests and personnel are being
trained to begin production activities. Flow lines are being developed to
implement a semi-automated routine to digitize contour overlays. Since this
is a new system no production cost or manhour figures are available. However,
test results demonstrate that the system will increase throughput and reduce
the manhours required to digitize contour data.

HARDWARE CONFIGURATION
Computer

The USGS LAMPS is a DEC 11/750 VAX-based system with a VMS operating system.
Peripherals consist of two 456 MB disk drives, two dual density (800-1600 bpi)
tape drives, and a line printer. Description of the other system hardware
components LASERTRAK (Digitizer, Display, and Plotter) and the Laser-Scan
Interactive Edit Station (LITES) follows.

LASERTRAK

LASERTRAK is a combined digitizer, display, and hard copy check plot system.
It provides a semi-automated method of data capture using a local raster-scan
technique. Interactive facilities allow the operators to use their
cartographic judgment and experience while automating and speeding-up the
otherwise tedious and repetitive task of data capture to produce digital
vector files.
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Display: Graphical data may be displayed on the 39.4" by 27.6"
console screen.

Film Plotter: Graphical data may be plotted on standard A6 fiche-
sized diazo film, giving a negative image. Film size
is 5.9" by 4.2" with a writable area of 5.5" by 3.9".

Laser: Consists of an electronic unit, optical unit, laser safety
unit, and hood.

Operator Console: Large display screen, close-up screen (8.4" by
6.4"), and reference table.

Operational Interface: Sixteen function buttons with programmable
1ights, alphanumeric keyboard, and tracker
ball (used to control cursor).

LITES

The LITES provides the capability to perform basic interactive editing
functions on newly digitized map data or for producing efficient revision
capabilities for digital maps. Edit operations can be carried out on
features, parts of features, or groups of features.

LITES at USGS consists of an Altek Digitizing Table, Tektronix CRT, Sigma
color raster display, Sumagraphics Bit Pad, Cursor, Tracker Ball, and DEC
VT-100 Terminal.
DATA STRUCTURES USED
IFF - Laser-Scan Internal Feature Format
ALTEK - Simulation of the tagged vector data captured manually
on the Altek digitizers. This information is suitable
for processing directly into the NDCDB.
DLG - NDCDB topologically structured cartographic data.
These vector data structure names are unique to the LAMPS. In the future,
software package names and the data formats they require will be changed to
conform with other NMD definitions.
SOF TWARE

System software is comprised of packages commercially available with the
Laser-Scan System and several special-purpose programs developed for the USGS.

16



Data Manipulation Package - (DAMP)

Package of Laser-Scan utility programs designed to perform map processing
operation. Examples of these routines are:

Conversion Programs - Converts Laser-Scan Internal Feature Format
(IFF) to different output formats.

Merge/Split - IFF data can be split or merged into new maps.
Non-graphic Editor - Using keyboard IFF editor.

Coordinate Transformation - Convert raw digitized maps into chosen
coordinate system.

Clipping and Sorting - Clip maps to an exact rectangular outline and/or
sort into overlays and features for output.

USGS Special Purpose Programs

Plot Routines

FPPGERB - for plotting IFF format on GERBER plotter
FPPVERS - for plotting IFF format on VERSATEC plotter
FPPKONG - for plotting IFF format on KONGSBERG plotter
VCTPLT - IFF to VERSATEC program modules

Qutput Routines

I2ALTEK - IFF to ALTEK format converter (DLG Files)
I2NMD - IFF to NMD format converter (DEM Files)
RAS2I - USGS coordinate filter and formatter

Input Routine

DLG32I - USGS DLG3 to IFF format converter
LASERAID - LASERTRAK Digitizing Software

ELZ - Edge Following mode

17



FLF - Fast Tine follower
LAJ - Junction capture version (LASERAID with junctions)

Command Procedures Package

Calibration Package

AGENCY APPLICATIONS

The immediate application for the LAMPS is the collection of line data from
contour overlays. Special purpose software has been developed to accommodate
all phases of this activity. The DLG and/or DEM files can be generated by
utilizing digital data collected via the LASERTRAK or from data stored in the
NDCDB.

The LAMPS digitized DLG data is suitable for input into the UCLGES. The DEM
contour data is currently scheduled for processing through the Contour to Grid
(CTOG) software located on the Perkin-Elmer computer.

ATTRIBUTE CODING SCHEME

The attribute tagging scheme is intended to provide dual output for processing
into DLG or DEM files. The first step of both procedures is semi-automated
feature tagging by the operator during the initial data capture. In the case
of contour files, elevation tags are adequate for output to DEM processing
software. In instances where DLG data requires multiple attribute codes, they
must be keyed in at the LASERTRAK or at the LITES. Node generation is done
automatically, as a background operation, in a batch mode.

STRENGTHS AND WEAKNESSES OF THE SYSTEM

Strengths

Speed of Data Capture - Allows operators to use cartographic judgment and add
intelligence to data while eliminating many tedious and repetitive tasks
associated with the capture of vectorized digital information., Digitizing
speed is up to 15 times faster than manual line-following and produces a
filtered vector representation of lines in real time to a user-specified
tolerance.

Utilizes or Collects DLG Data - Special purpose software enables use or
generation of DLG data without interfaces to other systems. Up to this time,
multi-system processing has been required to collect and/or utilize DLG data.
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Efficiently Handled Networked Contour Data - This capability provides a method
to collect DLG and DEM data to support current production activities. The DLG
data will be added to the NDCDB and the DEM's will provide data for the
0ffline Orthophoto Printing System (OLOPS).

Semi-Automated Tagging Capability

Operator can automatically add one feature and an elevation during the initial
data capture.

Junction Recognition

When line-following the LASERTRAK is able to detect and analyze junctions.
The number of arms to a particular junction is determined and a unique
junction coordinate point is derived. These point values are stored for
reference and the same node values are generated when the other lines
intersecting that junction are digitized.

Node Generation

Eliminates a costly, time consuming task associated with manual digitizing.
This information is subsequently used to generate the topological structure
required by the NDCDB.

Weaknesses
LASERTRAK

Preparation of Source Material

Expense - LASERTRAK uses a film negative which is a photographic
reduction of the original source document. This is a more
time consuming and expensive operation than the one-to-one
reproductions used by other USGS digitizing systems.

Size - For digitizing purposes the readable area on the film negative
is 3.8" by 2.7". This size constraint increases the amount of
preparation required to digitize overlays of existing
7.5-minute quadrangles. Some maps can be done in two sections
but other factors such as geographical location, 1ine weights,
and density of data may necessitate splitting the original
map into four or more sections.

Limited Amount of Auto Tags at Scanner

The LASERTRAK has the capability to automatically generate one feature tag
and an elevation value to each line at the time it is digitized.
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Additional codes must be added manually via the keyboard before the
feature is accepted for storage to disk. The ability to automatically
add multiple codes would help to expedite digitizing and eliminate the
probability of errors on complicated categories of data.

Too Much Operator Intervention Required

Although the LAMPS is a new system, there appears to be potential for
more automation. Several digitizing processes could be optomized to
reduce operator intervention. For example, the operator helps the system
through all junctions by indicating the Tine to be followed. On neat
Tines or grids this procedure could be automated by providing end points
or an azimuth of the line to be digitized. In some cases fully automated
elevation tagging could be accomplished by providing a high-and-low value
then defining the direction of slope. The current edge joining routine
requires the operator to indicate the line ends that are to be joined.
There is a distinct possibility that this activity could be at least
partially accomplished by automated methods.

LITES
Restricted Ability to Add Multiple Attribute Codes

With the current system the operator can automatically adc only one
feature code and an elevation value during initial data capture. Minor
codes can only be added by manual methods at either the LASERTRAK or
LITES. 1In both cases, each of the individual codes must be manually
input to the appropriate elements. This tedious and time-consuming
process can be partially solved by the development of special purpose
software.

The current system does not provide the ability to add attribute
information to nodes, areas, or degenerate lines. Development of this
capability is a prime requirement to assure the implementation of a more
efficient routine to digitize all categories of cartographic data.

Cannot Write User Commands or Macros to Optimize Operator Efficiency

The current version of LITES does not permit the development of user
customized techniques through user commands or macros. Several data
manipulation procedures would be optimized by the capability to combine
individual menu commands into one function. Macros could provide the
ability to define useful editing functions that are not already available
in the system.
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TYPICAL DIGITIZING SESSION

The LASERTRAK is a relatively new method of data capture and a very limited
number of people have obtained hands-on experience. A description of a
typical digitizing session is included to provide some feel for use of the
system.

Preparation - A film negative is produced from the original source
document, inserted in the Optics Unit, projected at X10 magnification on
the large console screen. A line-width range of .0012" to .012" on the
reduced negative can be detected by the LASERTRAK. Before any
measurements can be made, the signal detection threshold is set to a
level suitable for the contrast of the negative.

Initialization - The system is initialized by reading the calibration
coefficients from a file, and the material to be digitized is registered
to the required coordinate system by measuring the corner points. This
establishes the scale and orientation, and removes any dependence on the
precision of the photographic reduction factor or on the alignment of the
negative in the holder.

Feature Coding - By means.of the control console the operator can
classify and code features at the initial capture stage. This is
accomplished by selecting the appropriate function button at the time of
initial alignment. The feature number automatically increments by a
pre-determined value or is entered by the operator via keyboard. This
function has proven to be valuable for digitizing contours.

Feature Selection - On entry to the main loop, a red cursor and feature
number are displayed on the screen. The operator can select the features
that are to be digitized and has complete control over the order of
selection. The cursor is moved via the trackerball to indicate the
feature the operator wants to digitize.

Digitizing - The cursor is also used to define the direction of the
[Tne. 1t takes the form of two parallel lines which are moved so the
line to be digitized is centered between them. The Tine following 1s
then started, operator assistance is required if irregularities halt or
divert progress. Ambiguities can be corrected by the operator, i.e.,
connecting two line ends of manually digitizing points along the line.
Progress of the line follower can be viewed by watching the red cursor
track the feature to the end.

Feature Evaluation - When the LASERTRAK reaches the end of a line the
operator has the ability to accept, reject, or view the digitized
feature. Under normal circumstances the digitized line is accepted
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without question. If there is a concern about integrity of the data, the
feature can be viewed, in a filtered or unfiltered mode, on the close-up
screen. If a feature is determined to be unacceptable it can be rejected
and redigitized. An example of an unacceptable feature is when the
system jumps between contour lines in an extremely dense area.

Feature Acceptance - The operator accepts a completely digitized feature
by pushing the END button. The newly digitized feature will then be
erased from the console display screen. The paint-out serves several
purposes: (1) Verifies accuracy of digitizing, (2) prevents double
digitizing, (3) eliminates omissions (as some features are painted out
others become progressively clearer), (4) provides a built-in progress
check, and (5) provides ability to continue partially completed jobs;
after initial registration previously digitized data is painted out. To
digitize another feature repeat the procedure beginning with feature
selection.

Future System Plans

In the near future, developmental efforts will begin for the
implementation of production procedures to capture other categories of
map data to support the 100K census project, MARK II activities, and data
collection for the NDCDB. Although the system has been proven capable of
collecting other categories of cartographic information, additional
development will be required to meet different project requirements.
Other attribute tagging routines will be developed through spcial purpose
software or utilizing interactive editing procedures. Further testing is
required to evaluate the merits of both methods.

The LAMPS also appears to have great potential for the collection of

land-use/land-cover data. The ability to digitize line data or open

windows seems to be ideally suited to this type application.
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LINE TRACE OVERVIEW

Richard L. Liston and Terry W. Gossard
U.S. Department of Agriculture
Forest Service - Engineering Staff
Geometronics Development Group
P.0. Box 2417, Room 1109-RPE
Washington, D.C. 20013

INTRODUCTION

LINE TRACE was developed by the USDA Forest Service, Engineering Staff, Geome-
tronics Development Group in support of mapping activities at the Agency's Geo-
metronics Service Center (GSC) in Salt Lake City, Utah. System software is
presently optimized for digitizing standard U.S. Geological Survey (USGS) con-
tour plates and resource oriented, thematic polygon formatted map sheets. Vec-
torizing is achieved through software based 1ine following of raster scan data.
Line following, tagging, and edit occur simultaneously in a highly interactive
environment under complete operator control.

The Forest Service's GSC, established in 1975, is responsible for preparing and
updating all 1:24,000 primary base series (PBS) and 1:126,720 secondary base
series (SBS) maps over National Forest System lands. The total area of interest
encompasses approximately 10,500 primary and 330 secondary base map sheets,

LINE TRACE was operational at GSC in the fall of 1983. Primary use has been in
the generation of digital terrain data in support of orthophoto generation.
Orthophotos are a layer to the primary base map series.

HARDWARE CONFIGURATION
LINE TRACE is supported by four highly interactive work stations, each of which
supports digitizing, tagging, and editing of scanned line maps. Each work sta-
tion consists of:

. A 1024 X 1024, 19-inch, monochromatic, high resolution, RAM refreshed
display monitor (Mitsubishi).

. An alphanumeric display terminal (Hazeltine Corp.) and keyboard for
command entry.

. A trackball with two button switches supporting cursor movement and
point/line selection (Management Systems, Inc.?.
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A1l work stations are supported by software resident on a Digital Equipment
Corporation (DEC) PDP 1144 with 256 Kb of 16-bit memory. Each pair of stations
is controlled by a display processor (Grinnell Systems Corp.) supporting six
(three per station) 1024 X 1024, 1-bit, memory refreshed planes, and a video
look-up table, the Tatter providing grey scale remapping capability. Other sys-
tem components include:

« A (Trilog T-100) printer/plotter.
. An (Digi Data Corp.) 800/1600 bpi, 9-track tape drive.

. A separate video terminal supporting system maintenance and program
development.

- An auto-dial modem and communications interface supporting program
development and maintenance from a remote location.

- An (Plessey Peripheral System) 80-megabyte disk storage system.

Raster scan data is provided by a stand-alone (Optronics P-1000) scanning sub-
system consisting of: a 10-inch drum scanner with 8-bit (256 grey scale) resol-
ution; aperature plates ranging from 400 to 12.5 microns; and associated 800/
1600 bpi tape drive, system controller, and video terminal.

Hardware configurations are shown in Figure 1. Total hardware costs (1982) were
approximately $75,000 for the scanner subsystem and $200,000 for LINE TRACE com-
ponents.

SOFTWARE CHARACTERISTICS

LINE TRACE is programmed entirely in the FORTH programming language under
PolyFORTH II, the 1982 version supported by FORTH Inc., Hermosa Beach,
California.

FORTH is a high Tevel language ideally suited for real time interactive applica-
tions, such as LINE TRACE. It is highly interactive, makes efficient use of
memory, and is very fast. For the programmer, FORTH provides a core resident
assembler and compiler along with a small, fast interpreter, executive, and text
editor. New, English-like command words are defined in terms of previously
defined words or directly in terms of assembler instructions.

The LINE TRACE application code resides in seven overlay modules in a multi-
tasking environment. Overlays provided, and their definitions, are:

TAPES - Project initialization, raster data input, and thresholding
ADMIN - Project descriptive information
REGISTER - Map registration point coordinate collection

RETOUCH - Raster data edit tools and thinning
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LINES - Contour or polygon digitizing, tagging, and edit
JOINING - Joining polygon processing blocks
SHIPPING - Data compression and output

HELP screens enable an operator to quickly review both the overlays and commands
available within an overlay. Their usage in conjunction with access to a previ-
ously trained operator have enabled new operators to acquire a firm grasp of
system capabilities within 2 to 3 days.

In the LINES environment, LINE TRACE makes use of a fast but highly interactive,
software based, line following algorithm for extracting line pixel coordinates
from raster scan data. Line following actually takes place on one of the three
1024 X 1024, 1-bit, memory refresh planes supporting each work station. As the
line is being followed, a highlighted trace is displayed to the operator, thus
differentiating the 1ine currently in process from the background graphic.

Line following, tagging, and edit take place simultaneously on a line-by-line
basis in a highly interactive environment. For this reason, it is normally pre-
ferable that 1ine labels be left on the source scan document. This provides a
convenient reference for tagging, thus minimizing the distraction associated
with frequent looks away from the graphic monitor to view a composite map sheet.

LINE TRACE operation is very similar to manual digitizing with the exception
that the operator has at his/her disposal some very powerful tools to make the
task easier, less error prone, and faster.

The fundamental principle adhered to in software design was to provide the ana-
lyst the tool kit necessary to process source documents of varying quality in
any of several different ways. It is left to the analyst to decide what should
be digitized, how it should be digitized, and what tools should be used for both
digitizing and handling data anomalies. The tools available include:

. Tools for extracting line work from scanned source documents, thus
enabling lines to be represented as ones (1s) and background as zeroes
(0s); i.e., interactive thresholding.

. Pencils, erasers, rulers, and 