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4.4 RECISTRATION AND RECTIFICATION NEEDS OF GEOLOGY®
Pat S. Chavez, Jr.

Geologic applications of remo’:ly sensed imaging encompass five areas of in-
terest. These include: enhancement and analysis of individual images; work
with small-area mosaics of imagery which have been map-projection rec’:fied to
individual quadrangles; development of large-area mosaics of multip.e images
for several counties or states; registration of multitemporal images; and data
integration from several sensors and map sources. Examples for each of these
types of applications are summarized in Tables 1 - 5.

Individual image work (Table 1) has been primarily applied for medium-scale
structural mapping and surface geology delineation. Small-area mosaics (Table
2) have been developed primarily for structural analysis also, but the recti-
fied image can be considered a map product. Both optical (i.e., photographic)
and digital rectification and edge matching have been undertaken. Large-area
mcsaies (Table 3) have been undertaken to provide geclogists with regional
views that display major tectonic features. Until recently, most of this
work has involved digital processing on subsampled Landsat scenes (i.e., a
resolution of 200 meters) or optical processing for photomecsaics. Temporal
processing (Table 4) has been applied to several imaging sensors to detect
changes over time associated with vegetation seascnality and of dynamic phe-
nomena such as ocean currents or ice flows. The last area of concern is data
integration (Table 5), in which a variety of remotely sensed and ancillary
data are map projected and overlain to assist in the analysis of geologic
structure. In data integration studies, satellite images form a limited but
essential contribution to the overall analysis. As the various data types are
being overlaid, the accuracy of image reprojection to a given map projection
and scale is of paramount importance.

In summary (see Table 6), geologists have first-order geometry corrections
with 1 to 250,000 scale. For the geologists, if you take care of aspect ra-
tio, earth rotation, variable scanning of the mirrors, tnings you can do auto-
matically, probably 60% of the time that is acceptable. But if geologists are
going to do very detailed lithology and lineament mapping, you need to go to
ground control points. For satellite ephemeris corrections, we have tried
several of those techniques and it never seems to give the accuracy needed,
probably because we haven't been able to obtain the ephemeris information for
that image. Digital correlation techniques already exist; this is what the
MDP is using and now more recently thne Purdue and JPL teams are using with FFT
techniques. For correction techniques, we look at image to map and image to
image. If you go from an image to one map and then another, the geologist may
want to convert from & JTM to an orthographic or other projection, This
brings out the guestion: should we really do the Landsat geometry corrections
right at the beginning at MDP or should you just supply the coefficient to the
vser so he can adjust the coefficients if he would really like to map projec-
tion 2 instead of map 1. This would reduce having to resample the data twice.
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One of the Uthings that I feel may still need improvement is the accuracy in
the terms of pixels rather than meters. If you are working on a 1:250,000
scale you could get typically with Landsat +1 or 2 pixels. With the Thematic
Mapper, of course, the same distance would be more pixels but now we are going
to be working with 1:50,000 and 1:100,000 scale maps, so again the +1 or 2
pixels will probably be sufficient for the geologist. In other words, if
what I am mapping has accuracy within the width of my pencil line, that's all
I need. For digital-mozaicking accuracy though, I think that the geologists
will complain when they see a mismatch of one pixel, even if it falls within
their accuracy criteria from one image to the other. Right away they start
worrying that the area of mismatch may be a lineament, and mapping isn't as
accurate as it should be. They don't realize that its still within +80 or 90%
of the particular need that they ask for.

We talked a little about band-to-band registration problems. Again, I would
like to suggest that maybe somebody ought to investigate the idea of taking
the individual bands, trying some of the autocorrelation techniques used tc
select ground control points, and registering an individual band to your map,
and extending your autocorrelation from band to band for further correction.
Finally, I mentioned the geometry vs radiometry and topographic displacement.
Goddard has its ground control point library, and perhaps they could include
some of the new DTM 30-meter topographic data into their correlation? Perhaps
this could be added as another data set for topography.
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ORIGINAL FACE 5
OF POOR QUALITY
Table 1,

EXAMPLES OF INDIVIDUAL [MAGE W

® SAN FRANCISCO PEAKS AREA
- STRUCTURAL MAPPING

o SELECTION OF OPTIMUM RATIO COMBINATION BY STATISTICAL
METHODS

® DENVER/AUTOLINER PROJECT
- STRUCTURAL ENHANCEMENT IN DENVER AREA
« DEVELOP AN AUTOMATIC LINEAR MAPPING TECHNIQUE

® OFFICE OF INTERNATIONAL GEOLOGY
- SAUDI ARABIA
- STRUCTURE
- MATERIAL COVER
- MOROCCO AND TUNISIA
- MATERIAL COVER
- HYDROLOGY
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Table 2.
EXAMPLES OF SMALL- MOSAICS (QUADRAN

(DIGITAL AND/OR OPTICAL)

ALASKA (13 1°x2° QUADS FROM LANDSAT MSS/1974-76)
- DIGITAL MOSAICS
- STRUCTURE AND MATERIALS MAPPING

GRAND CANYON (4 LANDSAT MSS IMAGE MOSAICS/1978)
- DIGITAL MOSAIC DONE BY NASA/GODDARD
- USGS FLAGSTAFF DID THE FALSE AND SIMULATED NATURAL
COLOR PRODUCTS AFTER ATMOSPHERIC SCATTERING CORRECTIONS
-« MOSTLY OVERVIEW OF THE CANYON AREA AND FOR COMPARISON WITH
TOPO MAP

1:250K SAUDI QUADS (10 1°x2° QUADS FROM LANDSAT MSS/1979-80)
- DIGITAL MOSAICS
- STRUCTURAL MAPPING
- BLACK AND WHITE BASE MAP FOR GEOLOGIC MAPPING

SONAR (GLORIA SONAR TMAGES OF THE ATLANTIC/1980)
. OPTICAL MOSAIC OF 30-40 TRACKLINES
. DIGITAL MOSAIC OF *-5 TRACKLINES
. PRIMARILY FOR STRULTURE; BUT SOME MATERIAL TYPES

RADAR (AIRBORNE AND SATELLITE/1979-PRESENT)
. G- SCHABER, ET AL (SAN FRANCISCO PEAKS AND DEATH VALLEY)
. WALTER BROWN, ET AL/JPL
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Table 3.

XAMPLES -

(STATES AND/OR COHUNTRIES)

° NEVADA (1973-74)
« 32 LANDSAT MSS IMAGES
« DIGITAL

° SAUDI ARABIA (1978-81)
« 260 LANDSAT MSS IMAGES
. OPTICAL MOSAIC OF DIGITALLY PROCESSED IMAGES
« STRUCTURE AND BLACK AND WHITE BASE MAP

° FLORIDA
« AP®PROXYINMATELY 15 LANDSAT MSS IMAGES/USGS—RESTON
. OPTICAL MOSAIC

® ARIZONA
- APPROXIMATELY 20 LANDSAT MSS IMAGES/JPL
- DIGITAL MOSAIC

° NORTH AMERICA PLATE MOSAIC (NAM)
. PROPOSED PROJECT OF APPROXIMATELY 2200 LANDSAT MSS IMAGES
. DIGITAL/OPTICAL/HYBRID '
. STRUCTURE PLUS HIGH-QUALITY DIGITAL MOSAIC DATA BASE
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Table 4.
XAMP P P

° LANDSAT MSS
. FLAGSTAFF AREA - MONITOR/DETECT VEGETATION CHANGES FOR
SOILS TYPE INFORMATION AND SOIL EROSION
. C- ROBINOVE ET+AL. = ALBEDO MONITORING IN ARID LANDS
(REGISTERED APPROXIMATELY 20-25 LANDSAT MSS IMAGES)

® RADAR/SEASAT
« ASCENDING VS DESCENDING ORBITS FOR GEOMETRY AND TOPOGRAPHIC
INFORMATION BASED ON VIEWING DIRECTION DIFFERENCE
+ SEACE DYNAMIC AND ICE-FLOE TRACKINE

° HCMM
. OCEAN cATTERN AND LAND AREAS
« THERMAL INERTIA MAPPING (K. WATSON AND A. KAHLE, ET.AL-)
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Table 5.

DATA INTEGRATION (MULTI-SENSORS AND MULT}-MAP SOURCES)

° REDWOODS PROJECT (1976-77)
- DIGITIZED COLOR U-2 FOR ENHANCEMENTS AND VEGETATION .vc.
MAP
- GEOLOGY MAP
« PROXIMITY MAP
- TOPO/SLOPE MAP

PURPOSE: GENERATE A DERIVATIVE MAP THAT REPRESENTED THE
LANDSLIDE/ERGSION POTENTIAL BASED ON THE INTEGRATED DIGITAL
DATA SETS.

° CEMENT FIELD (1979-°9)
- GAMMA-RAY SPECTROMETRY - 4 PARAMETERS
- AEROMAGNETICS
- MULTI-FREQUENCY RESISTIVITY
. GRAVITY
« LANDSAT MSS
. COLOR U-=2
. GEOLOGY
- TOPOGRAPHY

PURPOSE: F©VALUATE VISUALLY AND STATISTICALLY THC CORRELATION
AMONG THE MEASURED VARIABLES CVER A KNOWN SURFACE AND NEAR-
SURFACE GEOCHEMICAL ALTERATION PATTERNS. IN THE STUDY AREA
USED, ANOMALOUS GEOCHEMICAL AND GEOPHYSICAL SIGNATURES HAD
BEEN PREVIOUSLY DOCUMENTED: IT WAS AN AREA WHERE HYDROCARBON
MICROSEEPAGE HAD INDUCED THE ALTERATIONS:
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TABLE 5.(continued)

® OCEAN BOTTOM DATA SET (FAMOUS AREA/1980-81)
- BATH |
« MAGNETIC
. GRAVITY
- PRESENTLY ADDING SONAR

® MULTI-SENSOR
« MSS/SEASAT
. MSS/RBY
. FUTURE - MSS/RBV/TM/sPOT
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TABLE 6 .
SUNMARY

° VARIOUS TYPES OF GEOMETRIC ZORRECTION TECHNIQUES EXIST
« FIRST—ORDER CORRECTION (I1+.E., AUTOMATIC CORRECTIONS ONLY)
. GROUND CONTROL POINT (GCP) CORRECTIONS
« SATELLITE EPHEMERIS CORRECTION
« DIGITAL CORRELATION TO ALREADY CORRECTED IMAGE

® CORRECTION TECHNIQUES CURRL.TLY IN USt
. IMAGE TO MAP
« IMAGE TO IMAGE
< IMAGE TO MAP 1 TO MAP 2

° IMPROVEMENT IS STILL NEEDED IN THE FOLLOWING AREAS
. ACCURACY VS COST
. BETTER EPHEMERIS DATA FOR MORE ACCURATE CORRECTION
. THIS WILL GREATLY IMPROVE THE USE OF THE IMAGES
BECAUSE MORE AUTOMATIC AND EASIER TO USE IN MOSAIC
. AN ABSOLUTE MUST FOR SEAICE MONITORING TYPE PROJECTS
« MULTI-SENSOR AND MULTI-RESOLUTION DATA INTEGRATIOU
« NEED A GOOD FRONT END (1.E., RECEIVING STATION) GEOMETRY
CORRECTION TO GET GOOD IMAGE-TO-iMAGE MATCHING FOR DIGITAL
AND/OR OPTICAL MOSAICS-. CURRENTLY THE COST PER IMAGE FOR A
600D DIGITAL MosSAIc IS FrRoM $800 1o $2500 PER IMAGE; NEED
TO GET THIS DowN T0 $200

“ ACCURACY
. DEPENDS OF THE RESOLUTIGN/PIXEL SIZE OF THE 1#: 3E BEING

USED
« GENERALLY FOR VISUA! INTERPRETATION %].5 PIXEL ACCURACY 1S

SUFFICIENT (1.E-., WIDTH OF A PENCI. LINE AS GORDON SWANN

WOULD SAY)
« FOR DIGITAL MOSAICS THE ACCUR. ¥ NEEDED iS MORE LIKE * 0.5

PIXEL



Bibliograghz

Chavez, P.S., Jr., and Soderblom, L.A., 1974, Simple high speed digital image
processing to remove quasi-coherent noise patterns, in American society
of Photogrammetry Symposium, Washington, D.C., 1974, Proceedings: Falls
Church, VA, p. 595-600.

Eliason, E., Chavez, P.S., Jr., and Soderblom, L.A., 1974, Simulated true
color images from ERTS data: Geology, v. 5, no. 2, p. 231=-234,

Albert, N.R.D., and Chavez, P.S., Jr., 1975, computer-enhanced Landsat imagery
as a tool for mineral exploration in Alaska, in First W.T. Pecora Memori-
al Symposium, Sioux Falls, SD, October 1975: U.S. Geoleogical Survey Pro-
fessional Paper 1015, p. 193-200.

Chavez, P.S. Jr., October 1975, Atﬁoapheric. Solar, and M.T.F. corrections for
ERTS digital imagery, in American Society of Photogrammetry Symposium,
Phoenix, 1975, Proceedings: Falls Church, VA, p. 69-69a.

Berlin, G.L. Chavez, P.S., Jr., Grow, T.E., and Sodertlom, L.A., 1976, Pre-
iiminary geologic analysis of southwest Jordan from computer enhanced
Landsat 1 image data, in American Society of Photogrammetry Symposium,
Washington, D.C., 1976, Proceedings: Falls Church, VA, p. 545-563.

Chavez, P.S., Jr., Berlin, G.L., and Accsta, A.V., 1976, Computer pr~cessing
of Landsat MSS digital data for inear enhancement, in Second W.T. Pecora
Memorial Sympcsium, Sioux Falls, SD, October, 1976, Proceedings: Sioux
Falls, SD.

Rangland, T., and Chavez, P.S., Jr., 1976, The Earth Resources Observation ir

Secornd W.T. Pecora Memorial Symposium, Sioux Falls, SD, October, 1976,
Proceedings: Sioux Falls, SD.

Chavez, P.S., Jr., Berlin, G.L., and Mitchell, W.B., 1977, Computer enhance-
ment techniques of Landsat MSS digital images for land use/land cover as-
sessments, in Sixth Remote Sensing of Earth Rescurces Symposium,
Tullohoma, TN, March 3977, Proceedings: Tullahoma, TN, p. 25G6-275.

Robinove, C.J., and Chavez, P.S., Jr., 1978, Landsat albedo monitoring for an
arid region, in AAAS International Symposium on Arid Region Plant Re-
sources, Lubbock, TX, 197§.

Condit, C.D. and Chavez, P.S., Jr., 1979, Basic concents of computerized dig-

ital image processing for geologists: U.S. Geological Survey Bulltein
1462,

Chavez, P.S., Jr,, O'Connor, J.T., McMacken, D.K., and Eliason, E., 1979, Dig-
ital image processing techniques of integrated image and non-image data
sets, in Thirteenth Internationsl Symposium on Remote Sensing of Environ-
ment, Ann Arbor, MI, April, 1979, Proceedings: Ann Arbor, MI, Environ-
mental Resear~h Institute of Michigan, p. L39-U454,

93



Chavez, P.S., Jr., Leeds, A., and Crawforth, J., 1979, Design of a very mini
image pronessing system, in Second U.S. Geological Survey Computer Sym-

posium, Denver, CO, April, 1979: Abatract.

Chavez, P.S., Jr., 1580, Automatic shading correction and speckle noise map-
ping/removal techniques for radar image data. in Report of the Radar
Geology Workshop, Snowmass, CO, July, 1979: JPL Publication 80-61, p.
251-262.

Eliason, P.T., Donovan,T.J., and Chavez, P.S., Jr., 1980, Integration of
geological, geochemical, and geophysical spatial data of the Cement oil
field, Oklahoma test site, in Sixth W.T. Pecora Memorial Symposium, Sioux
Falis, SD, April, 1980, Proceedings: Sioux Falls, SD.

Chavez, P.S., Jr., and Bauer, B., 198C, An automatic optimum kernal-size-
selection technique for edge enhancement: Accepted for publication in
Journal of Remote Sensing of Environment.

Chavez, P.S., Jr., and Eliason, P.T,, 1680, The use of Landsat digital data
for variable haze mappings: U.S. Geological Survey, Flagstaff, AZ, un-
published report, 10 p.

Chavez, P.3., Jr., Watson, R.D., Henry, M.E., and Theisen, A.F., 1980, Digital
processing techniques for small digital arrays (FLD data set): in Report
of the applications of Luminescence Techniques to Earth Resource Studies
Workshhip, Lunar and Planetary Institute, Houston, TX, p. S50-54.

Eliason, P.T., Soderblom, L.A., and Chavez, P.S., Jr., 1980, Extraction of
topographic and spectral albedo information from multispectral images:
Submitted for publication in Journal of Remcte Sensing of Environment.

Chavez, P.S., Jr., and Sanchez, E., 1981, Digital combination of Landsat and
SEASAT images: Submitted for publication in Journal of Photogrammetry
and Remote Sensing.

Teleki, P., Roberts, D., Chavez, P.S., Jr., Scmers, M.L., and Twichell, D.,
1981, Sonar survey of the U.S. Atlantic Continental Slope; Accustic char-
acteristics and 1image processing techniques, in 13th Annual Offshore
Technology Conference, Houston, TX, May, 1981, Prcceedings: Houston, TX,
p. y1-102.

Chavez, P.S., Jr., October, 1980, Preliminary image processing results of the
ice flow movement using SEASAT radar images: U.S. Geological Survey,
Flagstaff, AZ, unpublished report, 10 p.

Kozak, R. Berlin, G.L., and Chavez, P.S., Jr., 1981, SEASAT's imaging radar
system: Journal of Remote Sensing of Enviornment, November, 1981, 4 p.

Berlin, G.L., Schaber, G.G., Kozak, R., and Chavez, P.S., Jr., 1981, Observa-
tion of the Grand Canyon with a SEASAT radar imeage: Acceptad for publi-
cation in Journal of Remote Sensing of Environment.

94



Robinove, C.H., Chavez, P.S,, Jr., Gehring, D., and Holmgren, R., 1981, Arid
land monitoring using Landsat albedo difference images: Journal of Re-
mote Sensing of Enviromment, vol. 11, no. 133, 1981, p. 133-156,

Chavez, P.S., Jr., Berlin, G.L., and Sowers, L.B., 1981, Statistical method
for selecting Landsat MSS ratios: Special Issue of Journal of Applied
Photographic Engineering, Fall, 1981, (in press).

Sowers, L.B., Sanchez, E.M,, Chavez, P.S., Jr., and Morgan, J.0., 1981, Saudi
Arabia Landsat film mosaic, in Seventh W.T. Pecora Memorial Symposium,
Sioux Falls, ST, October, 1981, Proceedings (in press): Sioux Falls, SD.

Sanchez, E.M,, Sowers, L.B., Chavez, P.S., Jr., Edwards, K., Eliason. E. M.,
Eliason, P.T., 1981, Mosaicking techniques applied at “e Flagstaff image
processing facility, in 3eventh W.T. Pecora Memorial Symposium, Sioux
Falls, SD, October, 1981, Proceedings: Sioux Falls, SD.

95



