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Automatic Color Map Digitization
by Spectral Classification

A scanner digitizing technique is described and is compared

with table digitizing.

INTRODUCTION

MA(;H:M_ anaLysis of remotely sensed

data such as Land-sat multispectral

scanner data often requires availability of

digital ancillary data from other sources gen-
erally in map format. In these cases digitiza-
tion and registration of ancillary and remote
sensing data must be carried out before proj-
ect goals can be pursued. Many systems
have been developed which use multiple
data tvpes (Brvant, 1977; Anuta, 1977), and

map of land-use patterns of Kansas, as shown
in Figure 1. The data conversion process re-
quires the production of a digital image of
the map in grid format, with the gray levels
representing the tyvpe of land-use pattern.
One method of converting this type of map
to a digital image is digitization of the x-y
coordinates of the boundaries which sepa-
rate polygons of different land use. This is
usually carried out manually with a mechan-
ical table digitizer. The information as-

AsstracT: A method of converting polygon map information into a
digital form which does not require manual tracing of polygon edges
is discussed. The maps must be in color-coded format with a unique
color for each category in the map. Color scanning using a mi-
crodensitometer is employed and a three-channel color separation
digital data set is generated. The digital data are then classified by
using a Gaussian maximum likelihood classifier, and the resulting
digitized map is evaluated. Very good agreement is observed be-
tween the classified and original map.

transformation of various map type inputs to
digital form is a problem common to any
such effort. The data conversion require-
ments vary significantly according to the
types of maps, what tvpe of information is
required, and the final digital format. How-
ever, any such process is essentially analog-
to-digital in nature and involves positioning
of points on a two-dimensional plane.

This paper is concerned with digitization
of one particular type of hand-drawn analog
map. This type of map is characterized by
lines or boundaries partitioning an area into
subareas, called polygons. Each polygon is
associated with some particular type of in-
formation. An example of this type is the

sociated with the polygons is keved into a
computer by means of human interpretation.
An algorithm based on line segmentation
and sorting® is used to convert the digital
boundary description to the grid storage
format. Figure 2 contains a flow chart de-
scribing the process. As is suggested from
the above, two problems exist: (1) the
method depends heavily on routine and
tedious manual operations which, in com-
plex cases, have a high risk of error in
boundary positioning and (2) the complexity

* LARS-USGS undocumented boundary algo-
rithm, Laboratory for Applications of Remote
Sensing, West Lafayvette, Indiana
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Fic. 1. Kansas land-use map used to test automatic map digitization
method.
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Fic. 2. Flow chart of digitization procedure using a table digitizer.

of line segmentation and sorting increases
rapidly with complexity of boundaries.
Memory limitations and computer time re-
quirements can become a major problem.
The results of an investigation into the
feasibility of an automatic method of dig-
itization are presented here. The method
calls for the use of a film scanner to perform
the tedious digitization, the use of maximum
likelihood classification to extract the infor-
mation or the features associated with the
polvgons, and the use of image processing
techniques such as derivative-tvpe edge de-
tection to reduce errors that may have been
introduced along polyvgon boundaries. Be-
cause scanner digitization is ('Nsvntiel”y an-
tomatic, very little direct human labor is in-

volved, and because all intermediate steps
involve only images in grid format, no
boundary conversion is required.

The advantages and disadvantages of
scanner digitization are discussed and it is
pointed out under what circumstances this
method is advantageous. An example of cost
and resource requirement is also presented
h_\' using estimates from an actual experi-
ment. The automatic method originated from
the search for an alternative to the table dig-
itization method; therefore, side-bv-side
comparison is frequently made in this paper.

Scasner Dicitization MeETHOD

The basic requirement for this method is
that the information or the features on the
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Fic. 3. Flow chart for scanner-classitier method of map digitization.

map must be color-coded so that each class
on the map has a distinct color. Many maps
such as the map of land-use patterns of Kan-
sas satisfy this requirement. The main idea
set forth here is to recover the color-coded
polyvgons by machine classification. The
map, if too large, must be photo-reduced to a
color transparency, which should be small
enough to be mounted on the drmm of a film
scanning device. Digitization is sub-
sequently performed automatically so as to
generate the red, blue, and green digital
color separation images of the map; then, a
three-feature classification based on these
three color images is used to recover the
original color-coded polvgons. The informa-
tion associated with each polygon can be
easily restored by referencing an internal
table stored in the memory of a computer. A
block diagram of this method is shown in
Figure 3,

How well the color-coded features on the
map can be recovered from its color image
depends on how well the classification can
be performed. Classification performance is
strongly influenced by the quality of the
color separation images, which are ulti-

mately determined by the photo quality of

the transparency. Experimental results show
that high photo quality may be achieved by
(1) using high resolution fine grain film such
as Kodachrome KM-135-20 and (2) photo-
graphing the map under sunlight.

It is reasonable to deduce that grain noise
may increase the variance of the colors, and
poor lighting may reduce the contrast of the
colors and hence the dynamic range of the
data. All of these ultimately affect the quality
of classification. This was experimentally
verified and these effects are reflected in the
spectral (Phillips, 1973) plots of the colors.

Figures 4 and 5 show the color class coinci-
dent spectral plots of the land-use map of
Kansas photographed under two lighting
conditions. It can be seen that the color
classes in Figure 4 tend to crowd in a small
range of values between 72 and 144, but that
the colors in Figure 5 tend to spread out be-
tween values of 36 and 216, This is due to
the strong illumination which gives excel-
lent color contrast. By comparing the blue
channel of both figures, it can be seen that
variances of the colors is larger in Figure 4
than in Figure 5.

Another important aspect of map scanner
digitization is to retain as much detail on the
map as possible. This means that the effec-
tive spatial resolution must be sufficiently
high. Three factors influencing effective spa-
tial resolution are—

® aperture size of the scanner and sampling
rate,

® ratio of photo-reduction,

® size of the printing dots on the map.

Although there is a minimum aperture size
of the scanner® used, it is alwavs possible to
achieve a desired effective spatial resolution
by appropriate change of the photo reduc-
tion ratio. However, spatial resolution cannot
he increased beyond the dot density of the
map (about 100 dots per inch, with respect to
the map). Note that the dot printed map rep-
resents a worst case and better results will
be achieved if solid color maps are used. If
this happens, the scanner sees one dot or part
of a dot at a time and records only the color of
the dot, which is unfortunately not the true
color representation of the information on the
map. Calculations show that the scanner has

* An Optronics International Corp. Model
P-1000
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COINCIDENT SPCLTAAL PLOT [MEAN PLUS AND MINUS ONE STO. DEV.) FLUA CLASSIES)
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Fic. 4. Coincident spectral plot of color clas:
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Fic. 6.

land-use map of Kansas.

to “see” three or more dots in order to record
a reasonably true color. The variance of the

recorded color depends on the number of

dots that are averaged.

A method to improve chances of accurate
recovery of the features without sacrificing
effective spatial resolution is to increase
sampling rate but keep the size of the scan-
ner aperture fixed. This approach essentially
provides more data for classification and
post-processing.

CLASSIFICATION AND PoST-PROCESSING

A small area from the Kansas land-use map
was photo-reduced to a 35 mm transparency.
Maximum likelihood classification was used
to recover the color-coded features. This
procedure consists of training the classifier
and carrying out maximum likelihood clas-
sification using a processor known as LAR-
SYS. The rarsys system is discussed in de-
tail in the references. The classified image is
shown in Figure 6. It appears that the recov-
ery of the color-coded features is excellent,
especially in the central portion of the poly-
gons; however, there are numerous misclas-
sifications along the boundaries. Further
comparisons with the images show that the
error pixels correspond to the lettering
and/or marks on the map. These marks are
usually “thin” lines. During digitization, the
scanner “sees’ partially the black lines and
partially the true colors, hence creating some
intermediate color classes. To reduce mis-
classifications, one may either correctly clas-
sify the intermediate classes or correct them
afterwards. The first approach suggests
using a more powerful classifier. The second
approach suggests post-processing. Experi-
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LARSYS per-point classification of the three band digitized

ments showed that ]mst—c]caning is maore
cost-eflective.

A simple but effective post-processing
scheme is to estimate the position of a
boundary and clean the misclassified pixels,
it any, that are in its neighborhood. This
method is based on the fact that if no mis-
classification has occurred at the boundary,
there should be a clean stepwise transition
of pixel class; thus, the output of an edge-
detector should show a jump of one pixel
width at the boundary. However, if some
pixels are misclassified to some other
classes, other than those on both sides of the
boundary, the output of the detector should
show consecutive jumps of total width
longer than one pixel. The objective of
cleaning is to make such a “thickened”
boundary “thin.” To do this, we estimate the
position of the boundary by re-assigning the
pixels on the thickened boundary to the
color classes of the pixels before and after
the jumps according to some criterion. For
example, a simple half-and-half re-
assignment serves this purpose. Figure 7 is
an illustration of the one-dimensional clean-
ing process.

It is obvious that the one-dimensional
cleaning process is effective only when the

1 2
scan line: M.HA;\J\AEIBECCCC[;DDDD
edge-detector output: 100000011100010000
cleaned line: AAMMAAAACCCCCDDDDD

Fic. 7. Illustration of the one-dimensional
cleaning process. A “thickened” boundary
occurs at position 1, pixel B is re-assigned
as A, pixel E is re-assigned as C. A “thin”
boundary occurs at position 2: no re-
assignment takes place.
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Fic. 8a. Land-use map classification processed by cleaning algorithm
with parameter L = 2.

Fic. 8b. Land-use map classification processed by cleaning algorithm
with parameter L = 3.

Fic. 8c. Land-use map classification processed by cleaning algorithm
with parameter L = 4,
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boundary is not parallel to the direction of
cleaning. The classification map thus re-
quires a two-dimensional cleaning process.
A direct extension of the one-dimensional
method to a two-dimensional case is hand-
icapped by some problems, such as detec-
tion of parallel edges; thus, a more complex
decision scheme is required. A simple but
effective method to avoid these difficulties is
to apply the one-dimensional cleaning pro-
cess horizontally and then vertically.

It should be noted that the cleaning pro-
cess is nothing more than a re-assignment of

misclassified pixels based on an estimate of

the positions of boundaries. Because the
color-coded polygons are well separated by
distinct boundaries that can still adequately
reappear after maximum likelihood classifi-
:ation, the estimate of boundary position by
the edge-detector is very likely to be suffi-
ciently accurate. Based on this, it is sub-
sequently expected that pixel re-assignment
of boundaries is reasonably accurate. Even
with this, the uncertainty of the position of
the cleaned boundaries is not greatly af-
fected; hence, resolution should remain un-
improved. As a matter of fact, resolution is
expected to be lowered because the re-
assignment may move the boundaries
slightly. How much a boundary can possibly
be moved depends on a parameter L in the
one-dimensional cleaning process. This pa-
rameter is the minimum length of consecu-
tive pixels of the same class that are regarded
as correctly classified. For example, if L. = 2,
then in the direction of cleaning a new class
of more than one pixel in length is consid-
ered as correctly classified and will not be
re-assigned; but a new class of length of only
one pixel is regarded as misclassified and
will be re-assigned. In this case, maximum
shift of boundaries is one pixel. This uncer-
tainty of boundary positions implies some
loss of spatial resolution. However, such loss
can be compensated for by a higher sampling
rate, and not necessarilv smaller aperture
size. This is because more samples are avail-
able to help the estimation of boundary posi-
tions and, therefore, reduce the maximum
possible uncertainty,

Figure 8a shows the classification map
processed by the one-dimensional cleaning
process horizontally and then vertically,
with the parameter L set to 2. Results show
that boundaries are more distinct and many
of the misclassifications at the boundaries
are removed. Furthermore, it is found that
some other misclassified pixels in field cen-
ters, especially those corresponding to marks
and lettering on the map, are removed. The
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general classification quality is significantly
improved. Better cleaning can be achieved
by setting L. = 3 (Figure 8b) and L = 4 (Fig-
ure 8¢), The misclassifications that still exist
in Figure 6 gradually disappear. The price of
this is the loss of resolution and details. Loss
of resolution which appears to be “stair-like”
is observed among some boundaries. Loss of
detail is observed among some small poly-
gons which disappear or are broken into
several pieces. This implies that the parame-
ter L must be set to some value which com-
promises between the degree of cleaning,
loss of resolution, and detail.

EVALUATION OF SCANNER DIGITIZATION
MEeTHOD

Figure 9 shows a portion of the land-use
map classification of Kansas. An overlay is
provided to enable comparison with the
original map polvgons. The gray scale image
is the cleaned classification map of the
scanner-digitized data.® Regarding the
table-digitized data as “ground truth,” the
cleaned classification matches extremely
well, especially the boundaries of the areas
in the central portion of the figure.

Digitization of physical feature maps
using a table digitizer requires close human
attention and laborious manual operations
assisted slightly by machine. Such heavy
dependence on human interaction affects
not only the cost, but also quality as well as
the time required to make data available to
potential users. The scanner digitization
method was proposed as an attractive alter-
native to table digitization primarily in order
to reduce the dependence on human interac-
tion, reduce cost of operation, and improve
quality of digitization.

However, from the discussion in the pre-
vious sections, the quality of scanner dig-
itization is strongly affected by the presence
of writing and marks that are usually found
on most maps. In fact, misclassification can
only be reduced but not completely elimi-
nated; therefore, extremely high quality may
not be possible. This is not true tor table dig-
itization whose quality can always be raised
by intensive human interaction.

Table 1 shows a comparison of the two
digitization methods and Figure 10 is a plot
of cost (estimate) against map complexity.
The major cost of table digitization is editing
and plotting. These items depend heavily on

*Only eight different gray levels can be dis-
playved, so the same gray level has been assigned
to more than one color, causing an illusion of los-
ing patches of colors.
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Fic. 9. Comparison of land-use map classification and table digitized
land-use map boundaries.

Tasre 1. Cosmparison ofF TABLE DIGITIZATION AND SCANNER DiciTizaTion
Table Digitizer Scanner

1) Spatial Resolution: limited by the resolution 1) Limited by the size of aperture of the scanmer
of the table digitizer. system.

2) Curve Resolution: limited by human eves.  2) Limited by size of aperture and degree of
Previous experience shows that curve can be concaveness of the curve. Since the aperture
traced by taking short intervals as 0.1 inch. can be as small as 25 pm, it vields far better

resolution.

3) Check point accuracy: limited by table dig-  3) Limited by size of aperture, same as (1) and
itizer, same as (1) and (2). (2).

4) Data Acquisition Preparation: Need to label — 4) Need to photo-reduce the physical map to the
arcs before digitizing (high risk of error). size of the drum of the scanner system (low
risk of error).

5) Editing: Need expensive re-plot and labori-  5) Need post-processing or cleaning, but can be
ous manual checking. highly automated.

6) Job time: Depends on size and complexity of  6) Depends on size of the map only.
the map

7) Efficiency of mass production: May not gain ~ 7) May gain significant improvement.

significant improvement.
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TavLe 2, Apvantaces oF THE Two Dicrrization METHODS FOR Maps 0F Variovs COMPLEXITY
simple average complicated
map map map

1) Cost TD is lower about the same SD is much lower

2) Quality
a) feature
b) resolution

TD is better
SD is higher

TD is shorter

SD slightly
advantageous

3) Job time

4) Efficiency gain by
mass production

5) Recommended
method

TD

TD is better
SD is higher

TD is better
SD is higher
SD is shorter SD is much shorter

SD is advantageous SD is advantageous

TD or SD SD

TD—table digitization
SD—scanner digitization

:

Estimated Cost ($)
3 3

g

200480 2250 1428 o
Map Complexity
(No. of Line Segments)
Fic. 10.  Estimated cost versus map complexity
for table and scanner digitization methods.

total length of all boundaries; therefore, the
cost of table digitization increases propor-
tionally to map complexity. On the other
hand, the major cost of the scanner digitiza-
tion method is the cost of computer classifi-
cation and post-processing. These two items
depend on the size of the map rather than
the total length of the boundaries; thus, its
cost should affect total cost only slightly.
From Figure 10 it appears that there is a
break-even point for the two methods. This
suggests that one method is advantageous
over the other for some maps and the reverse
for other maps.

When it comes to choosing digitization
methods, several factors should be consid-

ered; among these are quality, efficiency of

mass production, and job time. Quality here
is the spatial resolution and accuracy of map
information. Because of limitations of the
human eye, spatial resolution of table dig-
itization may not be very high, but map in-
formation can be extremely accurate. Be-
cause of the very small aperture, the scanner
method may provide better resolution, but

due to classification error and post-cleaning,
map information may be distorted.

Table digitization does not gain much in
efficiency when several maps are digitized
simultaneously because time depends on
map complexity. However, the scanner dig-
itization does get more efficient because ac-
tual scanning time is relatively small, and
most of the cost is for setting up the
machines. Finally, job time to table-digitize
a map depends on map complexity; but
scanner digitization has a relatively fixed
time cost. Table 2 contains recommenda-
tions for map digitization. As a general rule,
use of table digitization is recommended if
the map is simple; otherwise, for more com-
plex polygon maps, scanner digitization may
be more attractive.
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