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ERTS Color Image Maps *

USGS has developed useful lithographic products from
multispectral scanner data obtained by satellite.

INTRODUCTION

T HE FIRST Earth Resources Technology
Satellite (ERTS-I, launched on July 23,

1972, carries two imaging sensor systems.
One is the Return Beam Vidicon (RBV), a mul
tispectral television system with three
frame-format TV cameras. The other is the
Multispectral Scanner (MSS), a four-channel
system which continuously scans transverse
to the satellite's orbital track. Several de
scriptions of ERTS and the RBV and MSS sys-

could probably be operated through an alter
native control sequence, NASA has elected not
to risk the almost perfect functioning of the
MSS and other ERTS systems.

The MSS has exceeded the most optimistic
predictions and has produced thousands of
nearly flawless images. The image quality is
excellent, and the geometric distortions are
surprisingly smalJ.8 With increasing experi
ence, distortion analysis techniques have
been developed to reduce or control the dis
tortions still further. The largest error is a

ABSTRACT: The U.S. Geological Survey has prepared several experi
mental color-image maps from Earth Resources Technology Satellite
(ERTS-l) images. Examples are the gridded image of Upper
Chesapeake Bay and the mosaic ofNew Jersey. Both were printed at a
scale of 1:500,000 with a full UTM grid and placed on public sale in
February 1974. A color mosaic of Florida is being prepared from 16
separate scenes. It also will be printed at 1:500,000 scale. The publi
cation ofmaps from satellite images has required the development of
innovative procedures combin'ing computational photogrammetry,
image geometric control, photomechanical mosaicking, and color
lithography. These color-image maps are the first to meet carto
graphic standards and to be lithographed for public sale at a nominal
charge. The detailed procedures and equipment are described, along
with some of the results.

tems have been published; the ERTS Data
Users Handbook 4 is an excellent reference.

Before launch it was anticipated that the
RBV would have slightly better ground resolu
tion and considerably better geometric fidel
ity than the MSS. Considerable geometric
calibration data7,9 were obtained for the RBV,
and photogrammetric accuracies of 50 m can
be obtained for planimetric positions on a
single image. Unfortunately the RBV was shut
down shortly after launch due to a switching
problem in a control circuit. Although the RBV

* Presented at the ACSM-ASP Fall Meeting at
Washington, D.C., September 1974.

displacement between the NAsA-published
position of an image center and the true loca
tion. It may amount to 2 to 5 km and is gener
ally due to the uncertainties of the satellite
attitude measurement system. The NASA an
notations of latitude and longtitude of the
system-corrected (bulk) images are corres
pondingly affected. The remaining distor
tions are generally less than 250 m rms, and
recent results of about 125 m rms have been
achieved with experimental images pro
cessed on the electron beam recorder(EBR) us
ing the conformal algorithms of the Space O
blique Mercator projection3 • Distortions of
this magnitude are negligible for many qual-
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itative an.alyses of the images. They become
significant in attempting to prepare a map or a
mosaic of images or if attempting to address
in a computer the pixels of the same geo
graphic location obtained on different dates.

Often overlooked is the considerable ad
vantage of the regularity ofthe ERTS orbit. ot
only is nearly worldwide coverage available,
but the repeating cycle of 18 days allows a
reliable index of images within a regular
geographic grid of standard nominal scenes.
Although the present orbit occasionally drifts
excessively before NASA adjustment, it would
be possible to ensure that any image is within
13 km crosstrack and 5 km alongtrack from
the precomputed nominal scene centers.
This provides a regular repeating sequence
of images over defi ned geographic areas and
is one of the most powerful advantages of the
ERTS system for studying Earth resources.

The U.S. Geological Survey (USGs) has sev
eral ERTS cartographic experiments to
evaluate photomapping, map revision,
thematic mapping, polar mapping, orbital
data evaluation, and the overall cartographic
application. A continuing program is in oper
ation to evaluate the geometric accuracy of
single images and photogrammetric blocks.
In addition, a program exists for preparing
ERTS color-image maps for public distribution
at a nominal charge.

ERTS OMINAl SCENES

The ERTS orbit has three major characteris
tics which will become increasingly impor
tant for automated image mapping. The first
is the sun-synchronous precision due to the
plane of the satellite precessing at the same
rate as the mean rate ofthe Earth's revolution
about the Sun4 • The orbital plane is at a
constant angle to the Sun as the Earth circles
through the seasons of the year. Thus the
satellite is always imaging areas of a given
latitude at the same local (Sun) time. Second,
the ground tracks for all orbits on a given day
N are displaced westward 159 km at the
Equator from the respective orbits on the
preceding day N-1. This displacement pro
vides a predictable sidelap ofthe images; it is
14 percent at the Equator and increases with
latitude due to the convergence ofthe ground
tracks toward the poles. Third, the orbital
period of 103.267 min is the exact interval
required for the ground track to retrace itself
every 251 orbits (18 days). Orbit R +251 oc
curs 25,920 min (18 days) after orbit R, and
the daily rotation of the Earth causes the
orbit to pass over the same ground tracks.
This regularity permits a comprehensive set

of only 251 nominal ground tracks to be plot
ted on a map of the Earth with assurance that
all actual orbits will repeat on the nominal
tracks. This characteristic is of profound im
portance and beautiful simplicity. It permits
an organized, regular system of indexing and
mapping that could form the practical basis
for an automated mapping system.

With the nominal ground tracks deter
mined, it is logical to establish a framing se
quence for the images. The RBV has an inher
ent framing cycle of25 sec dictated by satel
lite orbital parameters and instrument field
of-view. This exposure interval produces im
ages covering 185 km by 185 km on the
ground and spaced 159 km on center. There
is 26 km of overlap from one image to the next
in the same orbit. The sequence of exposure
stations is initialized at the time of south
bound Equator crossing and used to center
the controlling frame. All RBV exposures
north and south of the Equator are equally
spaced at 25 sec time or 159 km of ground
track distance. This establishes a set of nomi
nal image-center coordinates along the nom
inal ground tracks; these can be computed
and plotted on a map.

The MSS is a continuous scanning device
which creates an adjoining series of scan
lines transverse to the orbital direction. The
length of a single scan line is 185 km on the
ground, but the alongtrack scan width is only
79 m. Assembly of sequential scans creates a
continuous strip of imagery 185 km wide and
centered on the ground track. There is no
inherent frame sequence for the MSS. In print
ing the MSS images on 70-mm film in the EBR,
an artificial frame is created. Each frame is
centered on the exposure station previously
defined for the RBV. The artificial frame cov
ers 175 km alongtrack. As the RBV exposure
stations are 159 km apart, an artificial overlap
of MSS frames is afforded amounting to 16 km.
This overlap is not from two separate obser
vations of the same ground area from two
exposure stations as is common with aerial
frame-format photographs; it is rather the re
sult of writing some of the MSS scan lines
twice, once on each of two adjacent artificial
frames. Consequently, the MSS does not have
alongtrack stereocapability but does have
sidelap stereo where coverage from one orbit
sidelaps the adjoining one.

USGS has defined a series of nominal ERTS
scenes based on the repetitive coverage of
the ERTS ground tracks and framing sequence.
The geodetic coordinates of all nominal
image centers were obtained from NASA, and a
nominal scene formed by lines drawn mid
way between the centers as shown in Figure
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Scene Center

FIG. 1. ERTS nominal scenes at 45° latitude.
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1. The nominal scenes are areas on the Earth
that, ifplotted on a map, create a unique set of
pigeonholes for all the Earth covered by
ERTS-l. An example for Florida is shown in
Figure 2. There is no overlap between nomi
nal scenes and therefore no ambiguity about
which scene covers which area. Actual im
ages obtained on the 18-day repeating cycle
will generally center on the nominal scene
and will overlap adjacent scenes. The
amount of image overlap alongtrack is con
stant as described for the RBv and MSS, but the

,sidelap between orbits varies with latitude. It
is about 13 km at the Equator and 32 km at 40°
latitude. The actual drift of the orbit will also
affect the sidelap between images from dif
ferent 18-day cycles.

The unique identification code for each
bisector scene is based on the geodetic coor
dinates of the scene center. The 11 al
phanumeric characters specify north or south
latitude and east or west longitude in degrees
and minutes. The system can be used
worldwide and is both human readable and
computer compatible.

IMAGE FORMAT MAPS

The first ERTS image format map printed in
a color lithographic edition was the Lake
Tahoe Area, California-Nevada. It was pre-

pared by the USGS in September 1972, from
scene EI002-18131 acquired on July 25,
1972, two days after launch of ERTS-l. A set of
random-dot lithographic plates was prepared
from the NASA Data Processing Facility (NDPF)
scene-corrected (precision) image bands 4, 5,
and 7 at 1: 1,000,000 scale. The scene
corrected images are transformed by 'ASA to
ground control on the Universal Transverse
Mercator (UTM) projection, and the coordi
nate values are marked on the image border.
A fine-line grid was added by connecting the
border marks. When the grid coordinates of
test points were checked against ground
coordi nates, the map complied with National
Map Accuracy Standards (NMAS).

The two immediate advantages of using
single ERTS images to define a map series are
the inherent register between MSS spectral
bands and the elimination of mosaicking be
tween separate images. The system of nomi
nal scenes, previously described, allows a
series of ERTS image-format maps to be pre
pared. Each ERTS image covers 34,225 km 2

(about the same area as two 1:250,000-scale
maps).

The second image format map, Upper
Chesapeake Bay, was printed by the USGS in
January 1974 from NASA image 1080-15192
acquired October 11, 1972. The map re-
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FIG. 2. ERTS-l nominal scenes in Florida.

quired about a calendar month of production
time after the final design was completed. It
was the first ERTS map with a completely de
signed and specified cartographic collar. The
collar includes a location map in color pre
pared from portions of the 1:2,000,000-scale
plates of the National Atlas. There is also
an index to nominal scenes and the
1:250,000-scale line maps of the area. If pos
sible, an image map should be used in con
junction with a line map.

First-generation 70-mm film copies of the
four MSS bands were precisely enlarged to
1:500,000 scale. No photogrammetric rectifi
cation was permitted because perfect band
to-band register of the enlarged image re
quires simple enlargement. It is impossible
in practice to place two images on a tilted
rectifier plane in exactly the same position.
Fortunately, rectification was unnecessary
because earlier analytical investigations
showed that the distortions could not be re
duced significantly by rectification. Two con
trol points were used as a nominal scale line,
and after the proper enlargement factor
(about 6.74x) was established by trial, all
four spectral images were enlarged with the
same enlarger setting. Most cartographic en
largers have a wide enough range to enlarge
the 70-mm film to 1:500,000 in one step.

Previous geometric evaluation2 of image

1080-15192 indicated a root-mean-square
(rms) distortion of 192 m if imaged control
points were compared in a conformal adjust
ment to true UTM values. This error could be
expected in the 1:500,000-scale enlargement.
In practice the error would be larger due to
scaling and photographic lens distortions. To
reduce the effect of the image distortion and
scaling errors, a procedure of cartographic
grid fitting was established!. On the band 5
enlargement at nominal 1:500,000 scale, a set
of control points was measured throughout
the image. The points could be photoiden
tified and correlated to known features on
1:24,000-scale published maps. UTM coordi
nates were scaled from the map with an accu
racy of about 10-20 m. The grid-fitting pro
gram used the ground control points to com
pute a least-squares set of UTM grid intersec
tions for the image, and a 20,000-m grid was
formed by connecting the intersections. One
characteristic of the grid computation pro
gram isstraightgrid lines; they maybe slightly
nonparallel and of slightly different spacing,
but the difference from perfect squares can
not be detected with the naked eye.
Moreover, any UTM coordinates measured
from the nearest grid intersection will be
highly accurate. Where applicable, this is the
recommended way to use any printed (grid
ded) map because paper shrinkage can
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amount to several per cent. The rms errors of
points measured from the fitted grid was es
timated to be 150 m. This finding was
checked and confirmed on the final printed
copy. It represents excellent cartographic
quality for an image map prepared from bulk
ERTS imagery.

Other image-format maps are in prepara
tion. Each map is identified by its latitude
and longitude code and in addition is given a
distinctive name, for example, Upper
Chesapeake Bay. The names selected are ap
proved by the Domestic Names Committee
of the Board on Geographic Names. Usually
major water bodies are favored for a name
because they show the greatest contrast and
are quickly recognized. In addition, the
states covered by the nominal scene will be
included in future map names.

Almost all color composites of ERTS multi
spectral images have adopted the false-color
convention of color-infrared filmS. Although
human vision can differentiate many
thousands of color variations, the individual
detectors of the eye only respond to three
primary colors; all other colors are mixtures
of the primary colors: blue, green, and red.
Thus any printed color image must assign the
primary colors in some rational way.

Color-infrared film is commonly filtered to
exclude the waveband from 0.4 to 0.5 f.J.m that
we call blue, and adds an emulsion layer sen
sitive to the near-infrared waveband (about
0.7 to 0.8 f.J.m) for which the eye has no sen
sitivity and experience has assigned no color
response. The film has two other layers sensi
tive to the wavebands 0.5 to 0.6 f.J.m and 0.6 to
0.7 f.J.m which we normally call green and red.
However, the dye color introduced into the
layers provides a color shift from green to
blue, red to green, and infrared (invisible, no
color) to red.

This conventional assignment of false col
ors was not haphazard but rather for the spe
cial purpose of camouflage detection during
World War II. Increasing civilian use of the
film has preserved the color convention for
several major reasons:

• Healthy vegetation appears in shades of red
and contrasts with unhealthy vegetation
appearing blue-green.

• Water appears dark blue or black unless
sediment laden where it takes on a light
blue tone.

• Most cultural features appear as a steely
blue-gray.

The experience ofmany image interpreters
has shown that the convention described
provides the best separation of the major
themes of vegetation, water, and culture.
Other false-color combinations are possible

and may have practical or esthetic advantages
in special situations. However, the evidence
for the conventional false-color rendition is
well established for general ease of image
interpretation. For example, vegetation, or
the lack ofit, which is the predominant theme
on any earthly scene, is assigned a color varia
tion between red and blue-green.

The MSS on ERTS has four spectral bands as
follows:

Band 4 0.5 to 0.6 JLm
Band 5 0.6 to 0.7 JLm
Band 6 0.7 to 0.8 JLm
Band 7 0.8 to 1.1 JLm

(Bands 1, 2, and 3 designate the three RBV

cameras.) MSS bands 4, 5, and 6 correspond to
the three emulsion layers on color-infrared
film. Band 7 extends slightly further into the
infrared wavelengths and has provided a
high-contrast image between water and veg
etation. Most ERTS false-color composites
have used bands 4, 5, and 7, with band 4
modulating blue light, band 5 modulating
green light, and band 7 modulating red light.

The Upper Chesapeake Bay image-format
map was printed according to the false-color
rendition just described. However, two
points may require clarification. On the map
collar the MSS spectral bands are listed and
are followed by a small color dot to indicate
the ink used for printing that band. This was
done to provide a permanent scientific verifi
cation, integral to the map, of the ink colors
and band assignments. However, the curious
observer suddenly finds to his surprise that
instead of the expected blue dot following
band 4, a yellow dot appears. The answer to
this apparent anomaly is found in the subtrac
tive technique of color printing, also used for
color photographic products6 .

The second point requiring clarification on
the Upper Chesapeake Bay map is the use of
band 6 for a black-ink plate, which was done
experimentally to darken the water tones and
increase contrast. Actually it provided very
little image tone, and the use of a band 6
black-image plate probably will not be con
tinued.

MAP MOSAICS

The first printed color ERTS map incorporat
ing more than one image was the state mosaic
of New Jersey. It was assembled from three
images of a single orbit, numbered
E-1079-15124, E-1079-15131, and E-1079
15133, acquired on October 10, 1972 (the day
before the orbit that produced the image used
for Upper Chesapeake Bay). It illustrates the
condition where a large area enjoying several
days of clear weather can be completely im-
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aged if the orbital cycle coincides. The join
ing of the images was aided by the continu
ous scan pattern of the MSS along the orbit.
The mosaicking procedure was novel; film
transparencies rather than paper prints were
used at every stage.

The major drawback to paper-print mosaics
is the loss of resolution of photographic pa
pers which becomes extremely serious with
color prints. The prints also lack dimensional
stability; indeed, stretch~ble materials are
often needed to match adjoining images. The
geometric quality of a paper photomosaic
does not usually approach that of a true map.
The individual stretching and fitting of im
ages in a black-and-white paper-print mosaic
is a permanent obstacle in considering a
color-image map. The individual mosaics of
separate bands can never be exactly regis
tered and must always be handled as a
single-band product. Some of the dimen
sional inaccuracies can be compensated by
fitting a map grid as previously described.

The use of color print materials creates an
additional problem if lithographic produc
tion is desired. The color mosaic on photo
graphic paper must be color separated into
the three primary colors to prepare the sepa
rate lithographic halftone plates. Thus the
separate MSS spectral bands would be color
combined to a photographic color print, and
then color separated to form the printing
plates - both steps involving serious degra-

Light
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~....

Stud
Register

dation in resolution. A further drawback to
the color print mosaic is the limiting size of
color photographic materials - usually a
40-by-40-inch maximum, which constrains
most ERTS mosaics to 1: 1,000,000 scale if
more than two or three images are assembled.

All the problems of paper-print mosaics
can be avoided or lessened by mosaicking
with stable-base transparent film. Although
film introduces a new set of problems, it al
lows the production of color-image maps of
high geometric accuracy and suitable for
lithography.

The New Jersey mosaic was prepared by
first enlarging the separate bands of the three
images directly to nominall:500,000 scale on
continuous-tone, stable-base film, with little
loss of resolution. Register between separate
bands was maintained by using only simple
enlargement with a constant enlarger setting.
The band 5 images were then mosaicked by
photomechanical contact printing to a new
film using a set of exposure windows which
precisely masked and bled together the ad
joining images. The windows provide the
critical diffraction trap that bleeds the butt
joint of the images and eliminates the charac
teristic black or white line. The width of the
trap depends on the film thickness and the
exposure conditions on the contact printing
frame.

The assembly oflayers in the contact frame
is shown in Figure 3a and a second exposure

Light

~

Window
Carrier for Image
Image (taped to carrier)
(emulsion to emulsion)
Mosaic Film

(a)

Window
Carrier for Image
Image (taped to carrier)
(emulsion to emulsion)
Mosaic Film

(b)

FIG. 3. Photomechanical film mosaicking.
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for an adjoining image in 3b. Multiple nonad
jacent images were exposed simultaneously,
and successive exposures filled in the
mosaic. The checkerboard arrangement of
exposure windows and their images was
completely prepared in advance and stud
registered. The adjacent image details were
visually matched before exposure to ensure
geometric continuity. The gray tone density
was also matched from image to image.

After completion of the successive contact
exposures from the band 5 film mosaic, the
band 4 and 7 mosaics were assembled simi
larly. Usually the same windows were used.
It is critical, however, to use the band 5
mosaic as a control base for positioning the
separate images of other bands on the carrier
sheets. Thus the image register maintained
through enlargement will be preserved into
the mosaic. After all three continuous-tone
mosaics were completed, they were indi
vidually screened and prepared for lithog
raphy. High-resolution stable-base film was
used throughout the process, and the sepa
rate bands were merged into a color image
only during final printing. As a practical mat
ter, several color proofs were prepared for
quality control of the mosaicking process.

The ew Jersey mosaic was also fitted
with a 25,000-m UTM grid, as previously de
scribed. The final results on the printed map
slightly exceeded NMAS, with an rms residual
of 241 m.

After the first successful use of film
mosaicking for color-image maps, the uscs
EROS program boldly resolved to print an ERTS

mosaic of Florida (Plate 1). This presented a
new set of cartographic problems, not the
least of which is the faulty foresight of the
Florida explorers and settlers who estab
lished the state boundaries at odds with the
ERTS orbital track. In contrast to the admirable
clairvoyance of New Jersey colonists, Florida
extends boomerang fashion across seven ERTS

orbits. Further inspection showed that at
least 16 nominal scenes contained part of
Florida. One is over the Dry Tortugas, 75
miles west of Key West. Persistent cumulus
cloud patterns appeared like scattered pop
corn on many images, limiting the selection.
Although southern Florida has a basically
nonseasonal vegetation pattern, the northern
panhandle has seasonal agriculture and de
ciduous forests to compound the difficulty of
tone matching winter and summer images.

Although two or three ERTS images may be
successfully enlarged and mosaicked into a
map with only a scale factor, the assembly of
groups of images demands a geodetic control
network. The Florida mosaic was controlled

photogrammetrically with a planimetric
block adjustment to UTM coordinate values.
UTM zones 16 and 17 separate the state mid
way across the panhandle at the 84° meridian.
Due to width limitations of the printing
press, the panhandle must be printed as an
inset, and it was decided to control images in
each zone separately.

The 14 images selected for eastern Florida
and the four images covering the panhandle
were enlarged to 1: 1,000,000-scale on
stable-base film. Photogrammetric pass
points between images were selected on
band 5 and stereoscopically drilled with a
50-jLm mark on a point-transfer instrument
(puc). Ground control points were also iden
tified and drilled. In a comparator the pass
points, ground control, and the four register
crosses imprinted by the NDPF were meas
ured on each image. A least-squares adjust
ment was then performed to compute a con
formal enlargement for each image constrain
ing the image-to-image fit and simultane
ously holding to ground control. The results
were surprisingly good with a combined
error of pass poi nts and control of 105 m rms.
The adjustment provided computed coordi
nate values for a 1:500,000-scale base sheet
on which were plotted the ground control
and the image register points. The pass
points were not plotted. The register marks
carried through the adjustment serve two
purposes. First, they can be used as an en
largement templet for individual images.
Second, they provide a positioning guide for
the enlarged images on the carrier sheet dur
ing mosaicking.

The procedures developed on the New
Jersey project for film mosaicking are being
continued and refined. The complexity and
handling difficulties increase by an order of
magnitude if one mosaics 18 images from 12
different dates rather than three images from
a single orbit. However the principle of con
tact exposure through adjoining matched
windows is the same.

The collar for Florida is carefully designed
and can serve as a guide for other State
mosaics. The nominal scenes, the images
used, and the index of existing
1:250,000-scale line maps are shown. The
text explains some of the characteristics of
ERTS and the image features.

A fitted UTM grid is also used on the Florida
mosaic and the separate image-format maps.
The grid was computed from ground control
points usi ng a revised computer program Ii m
ited to a straight-line set of parallelograms
that deviate almost undetectably from perfect
squares. The estimated accuracy of well-
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defined points measured from the grid is 150
m, within NMAS, the first time such accuracy
has been achieved on such a large ERTS
mosaic.

All the individual image-format maps in
Florida can be prepared as a byproduct of the
mosaic. After each image is enlarged to con
trol, an extra copy is prepared and screened.
These copies are individually mounted in
image-format collars with text, National Atlas
inserts, and coordi nates appropriate to the
area. Because the image-format area is a stan
dard size, the cartographic collars can be pre
pared independently of the images, and can
be inserted and gridded when available.

One further experimental innovation is in
corporated in the Florida ERTS mosaic and
image-format maps. Many investigators have
observed that, for pictorial purposes, bands 5
and 7 carry the most information. Band 4 gen
erally lacks contrast between the major fea
tures observable with the limited MSS resolu
tion. Band 6 is redundant to band 7 for many
purposes. Although multispectral analysis
and classification techniques may derive use
ful information from four or more bands, ERTS
image maps portraying the shape and texture
of the major themes of vegetation, water, and
culture can be prepared using only bands 5
and 7.

Experiments have been conducted with
some success to double-expose bands 5 and 7
on a single black-and-white film. However,
this generally creates the effect of black
and-white infrared film. More desirable is a
color rendition that incorporates the proved
interpretability of color-infrared film. This
can be achieved by printing band 5 twice,
once with the usual magenta ink and the sec
ond time with the yellow ink normally used
for band 4. Band 7 is printed with the usual
cyan ink.

The screen angles and halftone percen
tages are different for each plate. The result is
an image which closely resembles the usual
false-color rendition. Considerable time is
saved in mosaic preparation ifonly two bands
are assembled in register rather than three.
Although it may sound heretical to abandon
multispectral information from band 4, the
pictorial loss in most instances is undetecta
ble. Whether this two-band, three-color
printing process will be continued on other
ERTS maps in other geographic areas depends
upon the results of further research and pub
lic acceptance.

CONCLUSIONS
USGS has conducted research and de

velopment to lithograph color image maps
using MSS images from ERTS. These include

the Lake Tahoe Area precision image, the
Upper Chesapeake Bay image-format map,
the New Jersey mosaic, and the Florida proj
ect which includes a state mosaic and
image-format maps. All have followed the
general representation of color-infrared film.
Lake Tahoe was at 1: 1,000,OOO-scale, and the
others have been at the more effective scale
of 1:500,000.

Several accomplishments may be directly
cited:

• Definition and computation of a regular
worldwide series of nominal ERTS scenes
that can be used for indexing.

• Development of an image-format map
series using named and numbered nominal
scenes as a base.

• Use of photomechanical film mosaicking as
a mapping technique.

• Use of a fitted cartographic grid to improve
geometric accuracy and turn images into
maps.

• Design of complete cartographic collars
specifically for ERTS maps.

• Use of computational photogrammetry to
control the scale and image match of large
mosaics. _

• Use of bands 5 and 7 to provide a two-band,
three-color rendition similar to that of
color-infrared film.

It is interesting to note that none of these
developments were specifically the topic of
any ERTS-[ investigation with NASA. Rather
they have all resulted from the serendipity of
events since the launch of ERTS-l. They rep
resent the progressive results of one agency
developing new techniques to use a new tool.
This in no way detracts from defined ERTS
experiments but illustrates both the difficulty
of stating research results in advance and the
need for other agencies to fashion their own
applications.
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PLATE 1. ERTS-l satellite image mosaic of Florida.
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BAUSCH & LOMB OFFERS NEW IMAGE ANALYSIS
SYSTEM

A new addition to the fast-growing family of
image analyzers is Bausch & Lomb's new Pattern
Analysis System (PAS). Offering users great flexi
bility and analytical capabilities, Bausch & Lomb's
recently introduced OMNICONTM Pattern
Analysis System promises to pioneer new applica
tions in science, medicine, and industry. This
newest entry in image-analysis technology makes
fullest possible use of programmable information

to identify and classify the many features and
properties. which are of interest in an object or
image. The versatility of PAS makes it readily ap
plicable for use in numerous fields where analysis
of materials, structures, or substances is required:
Material and environmental sciences, biology,
health-care research and diagnosis, quality control,
integrated circuitry, photogrammetry, powder and
aerosol technologies, and other areas.

Please contact Laurence H. Boles, B&L, Roches
ter, Y 14602.

JOYCE LOEBL INSTRUMENTS HAS COMPONENTS FOR
IMAGE ANALYSIS

Joyce Loebl Instruments, A Tech/Ops Company,
Burlington, Mass., has just released a new four
page brochure summarizing its complete line of

image analysis instruments. There are six different
models offered by Joyce Loebl for digital image
analysis and image processing. These image
analysis systems are now being used in a host of
scientific and technical fields ranging alphabeti
cally from aeronautical engineering to zoology.
The complete Joyce Loebl line includes:

• Microdensitometer 5: A complete film di
gitization system for the most demanding
applications. Designed to satisfy the most
stringent requirements, it offers a combina
tion of features provided by no other mi
crodensitometer.

• Microdensitometer 4: A high-performance
flat bed scanning system. It has a large
specimen table and three modes of sample
viewing, allowing rapid target acquisition
on both large and small specimens. Optics
and control systems are available in a wide
range of configurations to provide optimum
performance for the most demanding appli
cations.

• Microdensitometer 3CS: A high-resolution
flat bed instrument which scans the speci
men and plots density versus position in the
form ofa graphical trace on an integral chart
recorder.

• Scandig 2: A high-speed scanning mi
crodensitometer. The instrument is de
signed for the rapid digitization of photo
graphic film for computer processing. It can
be interfaced to data acquisition equipment
or directly to data processing systems.

• SCAN 500: An inexpensive densitometer
for scanning photographic prints and other
opaque samples in reflectance.

• Filmwrite 2: A unit for producing high qual
ity 254 mm-by-267 mm fully processed
photographic prints of digital data. It is a
complementary output device for Joyce
Loebl Microdensitometers.

For a free copy of this new brochure, please
contact Mr. Michael Cassidy, Marketing Manager,
Joyce Loebl Instruments, Northwest Industrial
Park, 20 South Avenue, Burlington, Mass. 01803.


