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ABSTRACT: Digitizing source materials for use in cartography, remote sensing, and Geographic Information Systems is 
tedious and expensive. An alternative to the labor-intensive manual digitizing table is the raster scanner and associated 
raster to vector conversion software. Until recently, however, scanning has presented such high front-end costs that 
many cartographic operations have not adopted the technology. The field of desktop publishing has provided inex- 
pensive scanners that operate as peripherals to microcomputers. These devices are not designed for precise scientific 
work, yet a black-and-white scanning system can be purchased for well under $2,000. Though even cheaper scanners 
are available, desktop scanners represent the least expensive approach to scanning that is likely to provide consistently 
acceptable results. This paper evaluates the desktop scanner as a means for data entry in cartographic, remote sensing, 
and Geographic Information System applications. 

Results show surprising spatial precision, excellent response to high-contrast linework, potential for contour extrac- 
tion from colored originals (topographic maps), and a reasonable characteristic curve when scanning grey scales. Because 
of their low price and accuracy, desktop scanners have many potential applications in cartography, remote sensing, 
and Geographic Information Systems. Besides data digitization, possible applications illustrated in this paper include 
production of annotated and thematic maps from scanned photographs and the use of scanned aerial photography as 
a backcloth for on-screen GIs digitization to create or update existing digital databases. 

INTRODUCTION 

0 VER THE PAST 20 YEARS, a great deal of attention has fo- 
cused on development of techniques to alleviate the labor- 

intensive process of manual cartographic digitizing as tradition- 
ally accomplished using tables and cursors. Advances in digital 
equipment for data entry, in computer processor speeds, and 
in expanded memory addressing have increased the options 
previously available in digitization. qlthough manual tables are 
still most widely used, the raster scanner is rapidly becoming 
a viable alternative. A scanner takes a very different approach 
to capture of digital data from analog originals than does the 
digitizing table. In raster scanning, an original is captured in its 
entirety in a few minutes or less. A map becomes a massive 
matrix of reflectivity values, each a generalization of a small 
portion of the original. 

Scanning technology is not new. Raster scanners have been 
considered for cartographic data entry for at least the past 25 
years (Boyle, 1980). The Canada Geographic Information Sys- 
tem (CGIS), for example, has digitized thousands of maps using 
an IBM 3951 scanner developed in the mid 1960s (Comeau, 
1981). Scanners have been tested as input devices (Comeau, 
1981; Leberl and Olson, 1982). Also studied are many postpro- 
cessing routines proposed to convert the resulting data matrices 
to useable formats (Peuquet, 1981; Peuquet and Boyle, 1984). 
Though there are obstacles in the postprocessing phase, and a 
great deal of operator intervention is still required after scan- 
ning a document, throughput time savings using automatic data 
capture have made scanning an important technique. Scanners 
reduce the amount of time required to produce a computer- 
readable file and are economically advantageous for systems 
requiring at least moderate levels of data entry. Throughput 
time savings from scanning are significantly affected by the 
amount of map preprocessing (redrafting for transfer to nega- 
tive form and feature separation) and data postprocessing (for- 
mat conversion [vectorization] and feature labeling) required to 
create a useable data file. 

One additional large obstacle to widespread use of scanning 
as a digitizing technique has been the traditionally high cost of 
hardware: 

Except for some low quality devices, scanners are much more ex- 

pensive than digitizing tables. A high quality scanner costs approx- 
imately $300,000 ($US225,000), a digitizing table with computer 
controller about $30,000 ($US22,500). Expected lifetimes are about 
the same. It should be noted that the throughput potential of the 
scanner is of the order of 30 to 50 times that of a single digitizing 
table and so the capital cost per map input is much less for scanning 
provided volumes are high. An idle scanner is an expensive deco- 
ration (Crain, 1984, pp. 5-6). 

Since 1984, scanning, like many other electronic technologies, 
has declined greatly in price, but large format production scan- 
ning is still expensive and complex enough that manual digi- 
tization remains the prevalent digitizing technique in the early 
1990s. "While considerable work has been done with newer 
technologies, the overwhelming majority of cartographic data 
entry is now done by manual digitizing" (Dangermond, 1988). 

Desktop publishing using microcomputers and peripherals 
has provided impetus for engineering inexpensive scanning de- 
vices to capture pictures and text. As the goals of desktop pub- 
lishing differ from those of cartography, GIs, and remote sensing, 
there is good reason to suspect that these inexpensive devices 
may be designed to lower standards than equipment designed 
for cartographic markets. This research analyzes digital data 
files from an inexpensive desktop scanner to determine their 
utility in mapping and analysis. 

RASTER SCANNING OF CARTOGRAPHIC PRODUCTS 

A raster scanner provides a large matrix of values, each of 
which generalizes the reflectivity of a small portion of the orig- 
inal image (Figure 1). The capabilities of a scanner are described 
through specifications of spatial and radiometric resolutions. 
Spatial resolution refers to the sue of individual picture ele- 
ments (pixels), and may be defined either by the number of 
rows and columns in the output matrix (similar to a computer 
graphics board), or by the number of "dots per inch" (dpi) 
(similar to a printer). Either measurement can be converted by 
the scale of a map original to a ground resolution. For example, 
if scanning a 1:24,000-scale map at 200 dpi, the pixel size is 10 
feet. 

Radiometric resolution describes the range of values the de- 
vice can discriminate for each pixel. Radiometric resolutions 
typically range from two levels of brightness (binary, or 1 bit) 
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FIG. 1. A small portion of a data matrix produced by a 
scanner for a binary image (0 =background, 1 =line). 

to 256 levels (256 brightness levels, 8 bit) with some devices 
capable of discriminating even larger ranges of values. (Though 
not considered in this study because of our focus on low cost, 
recent color desktop scanners can provide as many as 8 bits 
each for three primary colors (red, green, and blue).) For car- 
tographic products, binary resolution is preferred for scanning 
line drawings to separate the figure from the ground. A dark 
cell receives a value of 1 and a light cell a value of 0. Finer 
radiometric resolution is required to scan images containing gray 
shades or color. Examples of these images are continuous-tone 
aerial photographs, maps which appear to contain gray shades 
through the use of tint or half-tone screens (for a description of 
these screening techniques, see Keates (1973), pp. 73-82), and 
U.S. Geological Survey topographic maps. 

DESKTOP SCANNING 

"Desktop publishing's rapid ascension from an eccentric en- 
deavor to a bona fide mainstream software application has car- 
ried scanning equipment to the fore'' (O'Malley, 1988, p. 208). 
The breakthrough afforded by desktop scanners as peripherals 
for microcomputers is a balance between an impressive variety 
of scanning features and reduced prices as scanning becomes a 
less esoteric art. For prices of less than $2000 retail for all hard- 
ware, interface boards, and software drivers, today's flat-bed 
scanners are affordable to a wide audience and offer an im- 
pressive array of hardware and software features including: 

user-selectable binary or gray scale radiometric resolution (up to 
256 levels) for either line or tone digitizing, 
user-selectable spatial resolution up to 600 dpi, 
variable image threshold levels to adjust blawwhite sensitivity in 
binary mode, 
interactive image subsetting to allow the user to scan a selected 
portion of an original, 
image output scaling for printed replication between 50 percent 
and 200 percent, and 
scanning of original documents up to 8.5 by 14 inches. 

Although these features illustrate versatility and ease of use, 
most of these instruments are tailored for producing attractive 
graphics, not for generation of accurate data. If these devices 
are to be used in the context of cartographic data entry, other 
qualities must be examined. 

First, it is not clear that the devices are designed for spatially 
precise work. Manufacturers' advertising portrays the equip- 
ment as easy to use without making claims of accuracy: "Ver- 
satile image scanning and optical character recognition 
systems. . ." (Abaton Corporation, 1987), and ". . .scanner 
produces professional quality output by letting you input both 
black-and-white and color photos, line art, and text." (Hewlett- 
Packard, 1987), and "We worked 453,000 hours so you can scan 
any image in 20 seconds." (Datacopy Corporation, 1987) are 
typical manufacturers' claims. Similarly, published reviews of 
these products stress the quality of the visual image with no 
reference to accuracy (Wallace, 1991). 

Second, the devices are not designed, nor are manufacturers' 
support personnel trained, to consider applications of scanners 
as data collection devices. For most vendors, scanners are sys- 
tem components that provide data to proprietary software de- 
signed to accept them. The user who wishes to pass scanner 
data to a system foreign to the vendor's product line encounters 
several obstacles. The most obvious is that output data files are 
stored in a format unknown to the purchaser, and possibly even 
to the support staff of the manufacturer:  orma mall^, [p;oduct 
name removed1 stores the picture in lmanufacturer's name re- 
moved] proprietary image h e  format: . . . (O'Malley, 1988, p. 
-in\ rr  
4LU). 

Finally, the response of the scanner to cartographic lines, grey 
shades, and colored originals is not published; thus, there is no 
basis for predicting the results of a scan with a given image. 
Production of an attractive image is a worthy goal for desktop 
publishing, but is not adequate for most cartographic digitizing 
in which spatial and radiometric accuracy are prime consider- 
ations. 

TESTING A DESKTOP SCANNER 

A Hewlett-Packard 9090A ScanJet desktop scanner with as- 
sociated "Scanning Gallerf' software was evaluated to deter- 
mine spatial accuracy and radiometric response with respect to 
cartographic digitizing applications. The selection of this scan- 
ner for these experiments was based strictly on availability, and 
the authors neither advocate nor disparage the Hewlett-Packard 
scanner line through this research. Indeed, since its introduc- 
tion in the mid 1980s, the ScanJet has become a defacto stan- 
dard; thus, the results of this research are likely replicable using 
products from numerous manufacturers. Four experiments were 
made to determine specifications and potentials not considered 
by the manufacturer. 

First, cartographic digitizing requires a high degree of plan- 
imetric accuracy. Beyond a reasonable tolerance, it is unaccept- 
able for features to be horizontally displaced by the digitization 
process. Because inexpensive scanners operate in a manner 
similar to that of photocopy or FAX machines, there is reason 
to be concerned that image geometry might be grossly dis- 
torted. Second, cartographic digitizing requires that black line- 
work be easily distinguished from the background and that the 
width of drafted lines be predictable from the scanning density. 
Third, the scanner should be able to deal with colored originals. 
This property was tested in a practical application, the extrac- 
tion of contour lines from a United States Geological Survey 
(USGS) topographic map. Finally, for applications important in 
remote sensing, there must be a predictable and reasonable 
response to grey shades on black-and-white aerial photographs. 
The final test evaluated the radiometric resolution against a 
standard grey scale. 

SCANNING TECHNIQUE AND OUTPUT FILES 

The software provided with the scanner supports digitization 
of documents in a two-phase procedure. A preview scan of the 
entire surface is presented in resampled form on the computer 



DESKTOP SCANNING 

screen. The user then subsets the image from the screen pre- 
view, and the final scan recovers data only from that portion 
of the scanning surface. A wide variety of options is available 
for the final scan, and a Tag Image File (TIFF) is written to a 
data storage device. 

Though there is no single standard format, tag image files 
contain a header followed by pixel data. Values in the header 
reveal the number of rows and columns in the image, and the 
data are in different formats for binary and for grey scale files. 
As with many raster formats, TIFF files can be extremely large. 
A binary radiometric resolution file containing 1500 rows and 
1500 columns (only a 5 by 5-inch map section at 300 dpi) re- 
quires approximately 275KB of storage if data are packed at one 
bit per pixel. If translated to a simpler but less efficient ASCII 
format, the file requires approximately 2200KB, eight times that 
of the packed file. Memory requirements can be reduced through 
run-length encoding; however, it is easiest to extract data from 
the TIFF file directly. 

For digitization to be successful, all features must preserve 
the geometric qualities they depicted on the original. If two 
point symbols are five inches apart on the original, their rep- 
resentations must remain five inches apart when coded into the 
rows and columns of the data matrix. To examine such qualities, 
a simple test was conducted with %-inch circles on mylar film 
(Figure 2). Seven circles were plotted according to specific 
Cartesian (X,Y) coordinates, and distances between all pairs 
were calculated using the Pythagorean theorem. The image was 
scanned face down to eliminate potential displacement through 
the mylar film at 75 dpi, 150 dpi, and 300 dpi. Resulting clumps 
of image pixels were thinned to generate a single row and col- 
umn (1,n coordinate at the center of each dot. Inter-coordinate 
distances calculated using the Pythagorean theorem on (1,n val- 
ues were remarkably accurate (Table 1). In no instance was any 
error greater than 0.04 inches, or 12 feet per 2000 feet at a 1:24,000 
ground scale. The maximum absolute error was 80 feet for a 
pair of points 11.40 inches apart. Error levels were not affected 
by the spatial resolution used, and were not a function of the 
distance between the points. 

-6 -7 
FIG. 2. The circle layout for the planimetric ac- 
curacy test (reduced from original). 

A second concern in cartographic digitizing is the detectabil- 
ity of drafted lines scanned in binary resolution. Because the 
scanner is a peripheral to a microcomputer with limited memory 
and processing power, a significant compromise must be made 
between spatial resolution and the size of the data file gener- 
ated. Higher spatial resolutions require much larger storage de- 
vices. For example, an 8 by 10-inch original scanned in binary 
at 75 dpi yields a data matrix of 600 rows by 750 columns. The 
same original scanned at 300 dpi yields 16 times as much data 
(2400 rows by 3000 columns). At 600 dpi one obtains 64 times 
as much data (4800 rows by 6000 columns). A larger matrix 
quickly fills up available storage (in the example 55KB, 879KB, 
or 3516KB). If the only significant difference among these files 
is that the lines are thicker as the dpi setting is increased, stor- 
age of the larger files is wasteful. 

Scanning a map at a lower dpi also results in significantly 
shorter processing times as many postprocessing algorithms 
progressively thin lines through peeling away edges until lines 
of a single pixel width result. The thicker the original lines, the 
more passes through the matrix required to complete the initial 
postprocessing phase (The bulk of literature on skeletonization 
is in the fields of image processing and computer vision. See, 
for example, Rosenfield and Pfalz (1966), Steffanelli and Rosen- 
field, (1971), Arcelli and DiBaja (1981), and Pavlidis (1982)). 

The opposing view is that a certain minimum dpi setting will 
be required to maintain connectivity of line work and to pre- 
serve fine detail. This experiment ascertained the optimal spa- 
tial resolution for drafted lines of varying width. 

Seven lines were drafted in opaque black ink on mylar film. 
Each line, drafted with a new drafting pen (00 - 3.5), was one 
inch in length and simulated the positive separates often avail- 
able from national mapping agencies. Because of irregularities 
of ink lines, nominal widths of the drafting pens were not used 
for analysis. Instead, each line's thickness was measured using 
a lox eyepiece equipped with a reticule. Expected dpi thresh- 
olds were calculated based on the measured width of each line. 

TABLE 1. RESULTS OF DOT SPACIN~ TESTS. DISTANCES ARE GIVEN IN 
~NCHES ON THE SOURCE DOCUMENT AND ERRORS ARE GIVEN IN FEET 

PER 2000 AS A GUIDE TO PLANIMETRIC ERROR EXPECTED WHEN 
SCANNING A MAP AT 1 :24,000 SCALE ~ Y P ~ C A L  OF A 7  MINUTE 

QUADFWGLE). 

Dot Actual Distance Distance Distance Maximum error 
Pair Distance 75dpi 15Odpi 300dpi (Feet12000) 

1-2 7.00 7.01 7.01 7.01 2.86 
1-3 5.39 5.40 5.40 5.40 3.71 
1 4  5.00 5.03 5.02 5.02 12.00 
1-5 8.23 8.27 8.27 8.27 9.72 
1-6 9.00 9.03 9.03 9.03 6.67 
1-7 11.40 11.44 11.44 11.44 7.01 
2-3 2.83 2.83 2.83 2.83 0.00 
24 5.66 5.66 5.66 5.66 0.00 
2-5 8.32 8.33 8.33 8.33 2.40 
26 11.40 11.42 11.42 11.42 3.50 
2-7 9.00 9.02 9.02 9.02 4.44 
3-4 2.83 2.83 2.83 2.84 7.07 
3-5 5.73 5.75 5.74 5.74 6.98 
3-6 8.60 8.62 8.62 8.62 4.65 
3-7 7.28 7.31 7.30 7.30 8.24 
4-5 3.52 3.53 3.53 3.53 5.68 
4-6 5.83 5.84 5.84 5.84 3.43 
4-7 6.40 6.42 6.42 6.42 6.25 
5-6 3.72 3.72 3.72 3.72 0.00 
5-7 3.90 3.91 3.91 3.91 5.13 
6-7 7.00 7.01 7.01 7.01 2.86 

mean = 4.99 
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Given the lack of manufacturer's specifications concerning the 
binary classification of each cell, it was initially assumed that 
averaging of reflectivity would cause 50 percent or more black 
ink in a cell to be considered black. Less than 50 percent black 
ink would be classified as white. Under those assumptions, a 
line of 0.01-inch width would require a scanning density of 100 
dpi to assure at least a 50 percent presence in all contiguous 
cells along its path regardless of its correspondence with the 
scanning grid. 

Lines were scanned in 12 combinations of three angles (0°, 
45", and 90") and four densities (75 dpi, 100 dpi, 150 dpi, and 
300 dpi). Predicted line thickness was calculated by dividing the 
dpi setting used in a scan by the dpi threshold values. A scan 
at a setting of 300 dpi, with a line width threshold of 100 dpi, 
would suggest a mean line width of 3.0 pixels. To avoid irreg- 
ular line widths caused by pen acceleration and deceleration 
during drafting, the central %-inch segment of each line was 
sampled. Thickness was measured by counting black pixels 
processing the matrix perpendicular to each line set (i.e., across 
rows for the 90" set, down columns for the 0" set, and at a 
diagonal for the 45" set). The mean number of black pixels in 
the line transects defined the thickness of the line for 0" and 90" 
scans, with 1.414 times the mean number of black pixels for the 
45" scans (Tables 2a to 2d). In nearly every instance, the scanner 
produced thicker lines than predicted. For pen 00 scanned at 
75 dpi (Table 2a), the dpi setting was lower than that hypoth- 
esized to represent the total width of the line, but the line did 

TABLE 2a. RESULTS OF LINE THICKNESS TESTS-75 DPI 

Predicted Actual Mean Line Width (pixels) 
Pen Line Width 1 0 Degrees % 45 Degrees % 90 Degrees % I 
00 0.75 1.00 +33 1.41 +88 1.00 +331 

TABLE 2b. RESULTS OF LINE THICKNESS TESTS - 100 DPI 

Actual Mean Line Width (pixels) 
Predicted 

Pen Line Width 0 Degrees % 45 Degrees % 90 Degrees % 

1.49 +49 1.48 +48 1.48 +48 
1.88 +25 1.94 +29 2.00 +33 
2.18 +18 2.15 +16 2.13 +15 
2.26 +13 2.50 +25 3.00 +50 
2.02 -19 2.91 +16 3.49 +40 
2.89 -1 3.42 +17 3.94 +35 
4.40 + 4  4.65 +9 5.00 +18 

TABLE 2C. RESULTS OF LINE THICKNESS TESTS - 150 DPI 

Actual Mean Line Width (pixels) 
Predicted 

Pen Line Width 1 0 Degrees % 45 Degrees % 90 Degrees % I 
00 1.50 2.00 +33 2.08 +39 1.66 
0 2.25 2.92 +30 2.94 +31 2.21 
1 2.77 3.01 +30 3.14 +13 3.35 +21 
2 3.00 3.39 +13 3.53 +18 3.71 

2.5 3.75 5.61 +23 4.31 +15 4.50 
3 4.39 4.94 +13 4.78 +9  4.94 +13 

3.5 6.38 7.07 +11 7.07 +11 7.00 +10 

not pinch out, suggesting that the threshold for designating 
black cells may be less than 50 percent. 

In the three instances in which the line was notably thinner 
than expected, the alignment of the line with the sampling grid 
was the principal cause. That is, the line corresponded so closely 
to a row or column of scanner pixels that neighboring cells 
contained too little black ink to be designated as lines (Table 
2a, pen number 0 at 90°, pen number 1 at 0"; Table 2b, pen 
number 2.5 at 0"). Even in these cases, lines did not pinch out. 

The results suggest that high contrast black lines are detected 
by the scanner extremely well, and that it is possible to use 
fairly low scanning densities and assure continuous line work. 
Note that this test evaluated only high contrast situations; these 
results may not be valid for colored or grey lines. Larger than 
predicted widths are not a major concern as a number of rou- 
tines exist for thinning lines to a singIe pixel width. Aside from 
storage concerns, Bush (1991) has shown line thickness to have 
a major impact on the selection of the thinning algorithm. Some 
published algorithms require that lines have a particular range 
of initial thicknesses. This experiment indicates a predictable 
relationship between dpi setting and output line thickness that 
can be controlled by the user. 

SCANNING U.S.G.S. TOPOGRAPHIC MAP ORIGINALS: 
RADIOMETRIC RESPONSE TO COLORED SYMBOLIZATION 

The test of drafted lines indicates that the scanner captures 
color separates in black-and-white positive form. Because of 
availability and cost, it may be preferable to scan composite 
printed maps in some cases. Therefore, the scanner was also 
tested for its response to the colors on traditional topographic 
maps. Though color scanners could be used to produce sepa- 
rations from colored topographic maps, the cost of these scan- 
ners is far greater than that of the desktop model tested, and it 
may be that a black-and-white scanner can suffice in many in- 
stances. 

There are diverse data needs served by topographic maps. 
Hydrology, transportation, pipelines, survey boundaries, and 
significant cultural features are routinely collected from these 
maps, and are sold as Digital Line Graphs (DLG) through US 
Geodata (USGS, 1986). At present, elevation data are available 
primarily as Digital Elevation Models based on the raster data 
model. However, recognizing the need for digital contour in- 
formation, the USGS is gradually adding hypsography. This ex- 
periment tests the scanning of contour lines for several reasons: 

they have been used to provide elevation data for conversion to 
raster Digital Elevation Models (DEMS), 
they are the most familiar method of storing elevation data to most 
map data users, and 
very few DLG hypsographic layers are available at this time; users 
who desire them must digitize them from published maps. Ap- 
proximately 10 percent of existing DLGS have this layer at present 
(Earth Sciences Information Center, personal communication). 

Unlike separates, topographic maps contain a number of dif- 
ferent symbols superimposed on a single map sheet. The USGS 

- - 

Actual Mean Line Width (pixels) 
Predicted 

Pen Line Width 1 0 Degrees % 45 Degrees % 90 Degrees % I 
00 3.00 3.98 +33 4.02 +34 3.68 +23 
0 4.50 5.86 +30 5.58 +24 5.23 +16 
1 5.54 6.18 +12 6.56 +18 6.36 +15 
2 6.00 6.65 +11 6.90 +15 6.67 +11 

2.5 7.50 8.69 +16 8.57 +14 8.71 +16 
3 8.77 9.63 + l o  9.60 +9  9.93 +13 

3.5 12.76 13.89 +9  13.75 +8  13.50 + 6  
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has standard symbol sets that use color as a key visual variable. 
Furthermore, several colors can be superimposed, further com- 
plicating the separation of symbols. In depicting elevations, 
brown contour lines may pass through areas coded in white, 
blue, green, or pink. To make an initial test of contour extrac- 
tion, each area tint was sampled alone, then contour lines jux- 
taposed over each color were sampled. Printing designations 
for the major area tints and for contour lines found on the map 
series are shown in Table 3. Several previously solid hues have 
been screened in more recent production, so both older and 
more recent maps were examined. Sections of seven different 
maps were scanned to locate desired combinations of back- 
ground tints and contour lines (Table 4). An in-house program 
converted TIFF files from the scanner to GIs coverages for image 
processing by the IDRISI Geographic Analysis System (Eastman, 
1989). -- - - 

1dtial tests determined that 300 dpi was optimal to define 
contour lines, and that the grey scale was much more effective 
than the binary scale for resolving variations among map colors. 
Because the scanner averages the reflectivity in each sample 
cell, grey scale values are not uniform across a line but they 
form channels with higher reflectivity at the edges where the 
line meets the brighter background and lower reflectivity in the 
center (Figure 3). At 300 dpi, lines averaged two to four pixels 
in width, allowing charinels to be identified. Lower spatial res- 
olutions reduced the depth of the channels, thereby reducing 
differentiation between lines and backgrounds. 

First, the white paper, as well as the blue, pink, and green 
hues, were sampled to determine background reflectivity (Table 
5). The white of the open land consistently reflected at the 
brightest level (15 in 99.5 percent of the sample cells). Blue open 
water tint reflected at level 12 in 86 percent of the cells sampled. 
On older maps, the vegetation and built-up areas each reflected 
at level 10. The USGS lightened these symbols during the late 
1970s and early 1980s to reduce visual distraction they caused 
when superimposed over other symbols (see Table 3). On newer 
maps, these regions reflect at levels 12 and 14, respectively. The 
lighter values assist in visual use of the maps and should also 
aid in contour extraction. 

The other task is to test extraction of contour lines from the 
area tints through which they pass. To do so with a single grey 

TABLE 3. UNITED STATES GEOLOGICAL SURVEY HUES AND TINT 
SCREENING VALUES FOR AREA SHADES. 

Feature Hue Screening Effective Dates 

Old vegetation green 100% (none) until 1981 
New vegetation green 40% : 120 line since 1981 
Old built-up areas pink 100% (none) until 1976 
New built-up areas pink 13% : 120 line since 1976 
Water blue 13% : 120 line --- 
Note: Hues have not changed, only screening values 
Source: ESIC, personal communication. 

TABLE 4. LISTING OF THE USGS TOPOGRAPHIC MAPS SCANNED IN MIS 
STUDY. 

scale, it is imperative that the contour lines reflect at signifi- 
cantly different levels than the area symbols. The only possible 
operation on a single band is to threshold (reclassify) reflectance 
values to separate features. 

In open land, contour lines are clearly darker than the white 
background and are easily extracted by thresholding. The back- 
ground is neatly removed by reclassifying all cells with values 
greater than 12 to 0 (Figure 4 and TabIe 6). The contours remain 
intact for postprocessing. In mean reflectivity, contours are over 
four levels darker than the background. 

Where the contours pass through water (in locations that have 
been flooded since the original map was produced), they are 
significantly darkened by superimposition of the blue tint, but 
still sufficiently contrasting to permit easy separation of the con- 
tours from the background. In this instance, the mean contour 
value is reduced to 7.47, but the water reflects at 11.97, g'ving 
a mean difference of four and one half levels. If all cells bnghter 
than 10 (11 to 15) are reset to 0, the water tint is removed and 
the results are again impressive (Figure 5 and Table 4). 

Of all the tint symbols tested, the older, darker symbols for 
vegetation and built-up areas caused the most severe problems 
(Figures 6 and 7 and Table 6); the loss of contrast between the 
contours and background produces numerous pinchouts and 
noise pixels. These lines can be extracted, but, in the case of 
the forest tint, they are excessively wide and run together 
(threshold level = 8). A lower threshold value produces thinner 
lines, but also more numerous breaks. For contours in built-up 
areas, a threshold value of 8 produces acceptable results, but 
the overall clarity of the image is still less than that of other 
tests. 

For the newer map tints, extraction success is excellent for 
both vegetation and built-up areas. The contours are not as 
different from the tints numerically (2.91 and 3.76 levels, re- 

Quadrangle Name Date (Latest Revisions) 

Anacostia, MD, DC 1971 
Austinville, VA 1965 
Blacksburg, VA 1983 
Hopewell, VA 1981 
Lake Wales, FL 1952 
Newport, VA 1965 
Smith Mountain Dam, VA 1967 

FIG. 3. Reflectivity channels created when scanning contour lines 
with a radiometric resolution of 16 at 300 dpi. 

TABLE 5. SCANNING STATISTICS FOR THE AREA TINTS ON USGS 
TOPOGRAPHIC MAPS. 

Feature 
Class 

Reflectivity 
Mean Mode % in Mode 

Open land 14.99 15 99.5 
Old vegetation 10.17 10 82.1 
New vegetation 11.99 12 93.9 
Old built-up areas 9.82 10 81.0 
New built-up areas 13.11 14 38.8 
Water 11.97 12 86.3 
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FIG. 5. Contour line extraction from water: (top) original scan, (bot- 
tom) after threshold. 

FIG. 4. Contour line extraction from open land: (top) original scan, 
(bottom) after threshold. 

TABLE 6. EFFECT OF AREA TINTS ON THE SCANNINQ OF CONTOUR 
LINES. EXTRACTION SUCCESS REFERS ONLY TO THE ABILITY TO REMOVE 

THE CONTOURS FROM THE BACKGROUND AND DOES NOT CONSIDER 
OTHER DISTRACTING FEATURES. ACTUAL SUCCESS WILL BE LESS WHEN 

THE AREA SCANNED IS CROWDED WITH OTHER ~NFORMATION. 

Feature Contour Tint Mean Extraction 
Class Mean Mode % Mode Mean Diff Success 

Open land 10.55 12 34.5 14.99 4.44 excellent 
Old vegetation 6.44 7 54.5 10.17 3.73 Fairlgood 
New vegetation 9.08 10 37.2 11.99 2.91 excellent 
Old built-up areas 7.29 8 52.5 9.82 2.53 very good 
New built-up areas 9.35 10 46.8 13.11 3.76 excellent 
Water 7.47 7 26.7 11.97 4.50 excellent 

FIG. 6. Contour line extraction from the old vegetation tint: (top) 
original scan, (bottom) after threshold. 

most background tints, they are not always distinguishable from 
spectively) as in some other tests (Figures 8 and 9 and Table 6), other symbols. If larger map areas are tested using the threshold 
but the threshold levels (10 for both) produce useful linework values proven effective in these tests, one may expect contours 

In summary, tests of contour line detection with an inexpen- to be confused with other features when background tints are 
sive desktop scanner indicate that contour lines are detectable removed. For example, index contours reflect at similar levels 
from their backgrounds. It must be added, however, that top- to streams and roads when superimposed with certain tints. 
ographic maps are far more complex than these tests have in- For nual areas without extensive symbology, digitizing po- 
dicated. Though the lines stand out well in comparison with tential is worth exploiting with 16-level grey scale scans. For 
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FIG. 7. Contour line extraction from the old built-up area tint: (top) 
original scan, (bottom) after threshold. 

FIG. 9. Contour line extraction from the new built-up area tint: (top) 
original scan. (bottom) after threshold. 

areas with abundant symbols, a combination of interactive pixel 
editing and more sophisticated postprocessing techniques than 
the thresholding used in this study may be fruitful. 

The final experiment studied the characteristic curve of the 
scanner for grey scales when scanning grey originals. A tint 
screen gray scale (from Robinson et al., (1985) p. 166) was scanned 
to observe the response pattern to stated reflectivity values. The 
scan was made at 75 dpi so that the pixels would be larger than 
the dots used in the screening, assuring that each pixel sample 
would contain some black and some white in recording a re- 
flectivity level. 

The scan shows a bit of variation in reflectivity for each 
screening level, but a fairly tight clustering of values around 
the mode at most grey levels. A table of grey scale frequency 
values illustrates that the scanner responds reasonably when 
recording a tint screen grey scale (Table 7). There is a clear trend 
from values of 15 for white to values of 1 for black. Mean values 
for each shading follow a progression indicating higher sensi- 
tivity in the center of the equal brightness grey scale (between 
20 percent and 70 percent) than at either end. The shape of this 
"characteristic curve" is similar to that of emulsions used in 
black-and-white film. 

APPLICATIONS IN CARTOGRAPHY, REMOTE SENSING, 
AND GIs 

FIG. 8. Contour line extraction from the new vegetation tint: (top) A major application of scanning technology is to digitize map 
original scan, (bottom) after threshold. data. Images created by the scanner can be edited for line con- 
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TABLE 7. RESULTS OF THE GREY SCALE TEST. THE RADIOMETRIC RESOLUTION OF THE SCANNER PRODUCES VALUES BETWEEN 0 AND 15. THE MEAN, 
MEDIAN, AND MODE REFER TO SCANNER GREY SCALE LNELS. VALUES IN THE GREY SCALE DISTRIBUTION ARE PERCENTAGES OF ALL CELLS FALLING 
INTO EACH SCANNER GREY LEVEL BY TINT SCREEN VALUE. THUS, FOR AN 80 PERCENT TINT SCREEN, 6 PERCENT OF THE SCANNED CELLS WERE IN 

LEVEL 1, 93 PERCENT IN LNEL 2, AND 1 PERCENT WERE IN LNEL 3. ALL SAMPLES CONSISTED OF AT LEAST 800 CELLS. 

Tint Grey Scale Value Distribution (%) 
Screen 
Value Mean Med Mode 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

White 15.0 15 15 100 
10% 14.9 15 15 3 97 

14.3 
20% 12.1 

14 15 1 14 41 44 

10.1 
12 12 3 17 42 35 3 

40% 10 10 4 19 43 31 3 
50% 6.9 7 7 2 23 51 23 1 
60% 4.3 4 4 7 62 29 2 
70% 2.9 3 3 13 76 11 
80% 1.9 2 2 6 93 1 
90 % 1.1 1 1 91 9 

BLACK 1.0 1 1 99 1 

nectivity at pinch-out points (if necessary) (Figure 10) and thinned 
to a single pixel width (Figure 11). Thin lines can then be fol- 
lowed from cell to cell with row and column coordinates re- 
corded (Figure 12) forming a spaghetti vector file. At this point, 
connectivity information may be generated to produce a topol- 

FIG. 10. The matrix from Figure 9 (bottom) after connec- 
tivity editing, before skeletonization. 

FIG. 11. The matrix from Figure 10 after line thinning to 
reduce the line to a single pixel width. 

ogic database. The tests above have shown digitizing to be a 
reasonable goal for the desktop scanner. For color separations 
scanned in binary mode and for some grey scale applications 
using original topographic maps, the scanner can provide data 
to the conversion process saving considerable time over con- 
ventional manual methods. 

Other useful applications use scanned photography in its 
original pixel form for interactive data entry or as backdrops for 
more effective graphic presentations. Three examples are illus- 
trated here. 

The first example is flood plain delineation, an activity of 
great concern for economic development of areas prone to sea- 
sonal flooding. An oblique view of a portion of the Roanoke 
River flood plain near Salem, Virginia (Plate la) is combined 
with contour lines from the associated topographic map to pro- 
vide a clear view of the areas affected by 100- and 500-year 
floods (Plate lb). The familiar view from the aerial photograph 
combines with the annotations of the flood plain contours to 
give the viewer a clear idea of the relative positions of cultural 
features to rising river levels. A planning or economic devel- 
opment agency could make a much better case for or against 
development using an annotated graphic such as this when 
recruiting an industry or creating a comprehensive zoning doc- 
ument. 

A second example illustrates the use of the aerial photograph 
as a source of digitization into a database (Plate 2). In this case, 
the buildings on a university campus are digitized for inclusion 
in an DNSI database (Eastrnan, 1989). Many GISs allow inter- 
active data entry from screen images for creation of new cov- 

1 10 
6.500000 0.500000 
10.500000 29.500000 
1 0.500000 3 1.500000 
1 1.500000 32.500000 
1 1.500000 33.500000 
1 2.500000 34.500000 
1 7.500000 34.500000 
2 1.500000 30.500000 
21.500000 27.500000 
22.000000 27.500000 
0 0 

FIG. 12. A spaghetti vector coordinate file. 
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(a) 
PLATE 1. (a) The original oblique view of the Roanoke River near Salem, Virginia. (b) The annotated view incorporating contour lines representing 
the normal (blue), 100 year flood (red), and 500 year flood (green) levels. 

PLATE 2. Vertical aerial photograph digitized, edited, and tied to anribute data to illustrate different ages of buildings on a university campus. 

(a) (b) 
PLATE 3. (a) Image of a section of a USDA soil sunrey map. @) The image in (a) has been edited to symbolize each mapping delineation with its soil 
slope class. Each UsDA soil suwey tabulates such characteristics which can easily be used to prepare thematic coverages using simple painting 
packages (prepared with DR HALO). 
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erages or for updating files by adding features found on REFERENCES 
photography more recent than the original data source. A scanned 
image can also be converted directly to a raster GIs layer at the AbatOn C o ~ ~ ~ ~ ~ ~ ~ g  1987. Advertisement appearingin Per- 
desired cell size by setting the scanning dpi based on calcula- sonal Computing. 
tions from the scale of the photograph. Though data entered hcelli, Carlo, and Gabriella S. Di~aja, 1981. A ~ h i n n i n ~  Algorithm 
from an unrectified photograph are horizontally displaced, most Based on Prominence Detection, Pattern Recognition, Vol. 13, No. 

GIss allow rubbersheeting to bring layers of information into 3, pp. 225235. 

registration. l-he digitized layer can then be analyzed by GIS Boyle, A. R-, 1980. Developments in Equipment and Techniques, Prog- 

functions to compute the area of the buildings, the distance ress in C o n t m ~ o r a ~  The in C o n t m ~ o r a ~  Car- 
tography, @. R. F. Taylor, editor), John Wiey and Sons, New York, 

between buildings, and other pertinent information. pp. 39-55. 
A is the preparation of a map from a Bush, Loretta J., 1991. M.5. Thesis N.renfly in progress at V i r m  scanned original. This example illustrates a scanned soil survey Polytechnic Institute and State University, Blacksburg, Virginia. 

map ('late 3a) which has been edited using a graphic paint Comeau, M. A. 1981. An lnwstigation of Cartographic Map Scanners,CLDS package 'lope of units ('late 3b). Because of Technical Bulletin Number 6, Canada Land Data Systems Division, 
the solid boundary lines on the original soil survey photo, this ~~~d~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ ,  ~~~i~~~~~~~ canada, ottawa, ontario. 
map is far easier to prepare with seed using the Grain, 1. K., 1984. A Cornparkon of Raster Scanning and Manual Digitizing, 
image as a base map than be the case using R001300, Canada Land Data Systems Division, Lands Directorate, 
techniques. Environment Canada, Ottawa, Ontario. 

Dangermond, J., 1988. A Review of Digital Data Commonly Available and 
CONCLUSIONS Some of the Practical Problems of Entering Them into a GIs, Technical 

Papers, ACSM-ASPRS, St. Louis, Missouri. Introductory Readings in 
Relatively inexpensive desktop scanners have much greater Geographic Infomation Systems, (D. J .  Peuquet and D. Marble, editors), 

potential than their manufacturers suggest. They have excellent Taylor & Francis, Inc., Bristol, Pennsylvania, pp. 222-231. 
spatial resolution, a relatively low, though adequate and im- Datacopy Corporation, 1987. Advertisement appearing in Personal Com- 
proving, radiometric resolution, and competitive prices. As with puting. 
most computer equipment, increased dartand for scanners and Eastman, J. Ronald, 1989. IDRISI: A Grid-Based Geographic Analysis Sys- 
improved technology have reduced prices far below those of a tem, (Clark University, Worcester, Mass.). 
few years ago. Higher radiometric resolutions, spatial res0lu- Hewlett-Packard Corporation, 1987. Advertisement appearing in per- 
tions, and even color capabilities have recently appeared on the sonal Computing. 
market at very reasonable prices. Keates, J. S., 1973. Cartographic Design and Production, Longman, New 

Though desktop scanners have a limited scanning area for a York. 
large scale production environment, they are very Leberl, F. W., and D. Olson, 1982. Raster Scanning for Operational 
for entry of small documents, for presentations of ge~graphic Digitizing of Graphical Data, Photogrammetric Engineering 6 Remote 
relationships, for raster to vector conversion research, and for Sensing, Vol. 48, No. 4, pp. 615-627. 
instruction. These initial tests indicate that a desktop scanner O'Malley, c., 1988. "All-Purpose Desktop Scanning," product review 
is worthy of consideration as a digitizer as well as a picture appearing in Personal Computing, Vol. 12, No. 2, pp. 208-210. 
generator- Image geometry is not a concern, line work is cap- Pavlidis, Theo, 1982. Algorithms for Graphics and Image Processing, Com- 
tured without loss of detail, and line pinch-out is not an issue. puter Saence Press, Rockville, Maryland. 
The grey scale radiometric resolution is useful in scanning c01- peuqUet, D., 1981. A,, Examination of Techniques for Reformatting ~ i ~ -  
ored originals to extract contour lines in limited tests completed ital Cartographic Datamart 1: The Raster to Vector Process, Carto- 
thus far. Finally, the grey scale test suggests that inexpensive graphics, Vol. 18, No. 1, pp. 34-48. 
scanners are predictable in the capture of photographic images Peuquet, D., and R. Boyle, 1984. Raster Scanning, Processing, and Plotting 
as pictures. A11 these functions expedite the gathering of spatial ojCartographic Documents, SPAD Systems Ltd., Wfiamsville, N.Y. 
data for computer-assisted cartography, remote sensing, and Robinson, A. H., R. Sale, J. Morrison, and P. Muehrcke, 1985. Elements 
GIs. The low prices of these scanners make them ideal for re- of Cartography, Fifth edition, John Wiley & Sons, New York. 
search- BY placing scanning technology in the hands of more Rosenfield, A., and J. Pfaltz, 1966. Sequential Operations in Digital 
users, more rapid advances in raster digitizing and support soft- Picture Processing, Journal of the Association for Computer Machinery, 
ware are likely to occur. If only for that reason, the desktop Vol. 13, No. 4, pp. 471-494. 
scanner should serve the digitizing world well. Stefanelli, R., and A. Rosenfield, 1971. Some Parallel Thinning Algo- 

rithms for Digital Pictures, Journal of the Association for Computing 
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Errata 
In the June 1991 issue of PEeRS, in the article, "EnvironmentaI Analysis Using Integrated GIs and Remotely Sensed Data: Some 

Research Needs and Prioritiesr'(pp. 689-697) by Frank W. Davis and others, the following errors have been brought to our attention: 
(1) Page 691, column 1, line 3: "probability distribution function" should read "probability density function." 
(2) Page 691, Equation 4: Z(x2) should read Z(x,) 
(3) Page 691: Equation 10 should read 

2y(h) = 4+, + 4 + (h+, - P,)= - 2c(x+h, x). 
(4) Page 693: The legend for Figure 1 should read "Spatial and temporal scales for environmental variables and remote sensing 

data. Data density decreases from lower left to upper right." 


