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PRE-PROCESSING

PRE-PROCESSING OPERATIONS, SOMETIMES REFERRED TO AS IMAGE
RESTORATION AND RECTIFICATION, ARE INTENDED TO CORRECT FOR SENSOR- AND
PLATFORM-SPECIFIC RADIOMETRIC AND GEOMETRIC DISTORTIONS OF DATA.
RADIOMETRIC CORRECTIONS MAY BE NECESSARY DUE TO VARIATIONS IN SCENE
ILLUMINATION AND VIEWING GEOMETRY, ATMOSPHERIC CONDITIONS, AND SENSOR
NOISE AND RESPONSE. EACH OF THESE WILL VARY DEPENDING ON THE SPECIFIC
SENSOR AND PLATFORM USED TO ACQUIRE THE DATA AND THE CONDITIONS
DURING DATA ACQUISITION. ALSO, IT MAY BE DESIRABLE TO CONVERT AND/OR
CALIBRATE THE DATA TO KNOWN (ABSOLUTE) RADIATION OR REFLECTANCE UNITS
TO FACILITATE COMPARISON BETWEEN DATA.

VARIATIONS IN ILLUMINATION AND VIEWING GEOMETRY BETWEEN IMAGES (FOR
OPTICAL SENSORS) CAN BE CORRECTED BY MODELING THE GEOMETRIC
RELATIONSHIP AND DISTANCE BETWEEN THE AREA OF THE EARTH'S SURFACE
IMAGED, THE SUN, AND THE SENSOR. THIS IS OFTEN REQUIRED SO AS TO BE ABLE
TO MORE READILY COMPARE IMAGES COLLECTED BY DIFFERENT SENSORS AT
DIFFERENT DA
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SENSOR WHILE MAINTAINING UNIFORM ILLUMINATION CONDITIONS FROM SCENE
TO SCENE.
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AS WE LEARNED IN CHAPTER 1, SCATTERING OF RADIATION OCCURS AS IT PASSES
THROUGH AND INTERACTS WITH THE ATMOSPHERE. THIS SCATTERING MAY
REDUCE, OR ATTENUATE, SOME OF THE ENERGY ILLUMINATING THE SURFACE. IN
ADDITION, THE ATMOSPHERE WILL FURTHER ATTENUATE THE SIGNAL
PROPAGATING FROM THE TARGET TO THE SENSOR. VARIOUS METHODS OF
ATMOSPHERIC CORRECTION CAN BE APPLIED RANGING FROM DETAILED MODELING
OF THE ATMOSPHERIC CONDITIONS DURING DATA ACQUISITION, TO SIMPLE
CALCULATIONS BASED SOLELY ON THE IMAGE DATA. AN EXAMPLE OF THE LATTER
METHOD IS TO EXAMINE THE OBSERVED BRIGHTNESS VALUES (DIGITAL NUMBERS),
IN AN AREA OF SHADOW OR FOR A VERY DARK OBJECT (SUCH AS A LARGE CLEAR
LAKE - A) AND DETERMINE THE MINIMUM VALUE (B). THE CORRECTION IS APPLIED
BY SUBTRACTING THE MINIMUM OBSERVED VALUE, DETERMINED FOR EACH
SPECIFIC BAND, FROM ALL PIXEL VALUES IN EACH RESPECTIVE BAND. SINCE
SCATTERING IS WAVELENGTH DEPENDENT (CHAPTER 1), THE MINIMUM VALUES
WILL VARY FROM BAND TO BAND. THIS METHOD IS BASED ON THE ASSUMPTION
THAT THE REFLECTANCE FROM THESE FEATURES, IF THE ATMOSPHERE IS CLEAR,
SHOULD BE VERY SMALL, IF NOT ZERO. IF WE OBSERVE VALUES MUCH GREATER
THAN ZERO, THEN THEY ARE CONSIDERED TO HAVE RESULTED FROM
ATMOSPHERIC SCATTERING.
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NOISE IN AN IMAGE MAY BE DUE TO IRREGULARITIES OR ERRORS THAT OCCUR IN
THE SENSOR RESPONSE AND/OR DATA RECORDING AND TRANSMISSION.
COMMON FORMS OF NOISE INCLUDE SYSTEMATIC STRIPING OR BANDING
AND DROPPED LINES. BOTH OF THESE EFFECTS SHOULD BE CORRECTED BEFORE
FURTHER ENHANCEMENT OR CLASSIFICATION IS PERFORMED. STRIPING WAS
COMMON IN EARLY LANDSAT MSS DATA DUE TO VARIATIONS AND DRIFT IN THE
RESPONSE OVER TIME OF THE SIX MSS DETECTORS. THE "DRIFT" WAS DIFFERENT
FOR EACH OF THE SIX DETECTORS, CAUSING THE SAME BRIGHTNESS TO BE
REPRESENTED DIFFERENTLY BY EACH DETECTOR. THE OVERALL APPEARANCE WAS
THUS A 'STRIPED' EFFECT. THE CORRECTIVE PROCESS MADE A RELATIVE
CORRECTION AMONG THE SIX SENSORS TO BRING THEIR APPARENT VALUES IN LINE
WITH EACH OTHER. DROPPED LINES OCCUR WHEN THERE ARE SYSTEMS ERRORS
WHICH RESULT IN MISSING OR DEFECTIVE DATA ALONG A SCAN LINE. DROPPED
LINES ARE NORMALLY 'CORRECTED' BY REPLACING THE LINE WITH THE PIXEL
VALUES IN THE LINE ABOVE OR BELOW, OR WITH THE AVERAGE OF THE TWO.
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FOR MANY QUANTITATIVE APPLICATIONS OF REMOTE SENSING DATA, IT IS
NECESSARY TO CONVERT THE DIGITAL NUMBERS TO MEASUREMENTS IN UNITS
WHICH REPRESENT THE ACTUAL REFLECTANCE OR EMITTANCE FROM THE
SURFACE. THIS IS DONE BASED ON DETAILED KNOWLEDGE OF THE SENSOR
RESPONSE AND THE WAY IN WHICH THE ANALOG SIGNAL (I.E. THE REFLECTED OR
EMITTED RADIATION) IS CONVERTED TO A DIGITAL NUMBER, CALLED ANALOG-TO-
DIGITAL, (A-TO-D) CONVERSION. BY SOLVING THIS RELATIONSHIP IN THE REVERSE
DIRECTION, THE ABSOLUTE RADIANCE CAN BE CALCULATED FOR EACH PIXEL, SO
THAT COMPARISONS CAN BE ACCURATELY MADE OVER TIME AND BETWEEN
DIFFERENT SENSORS.

IN SECTION 2.10 IN CHAPTER 2, WE LEARNED THAT ALL REMOTE SENSING
IMAGERY ARE INHERENTLY SUBJECT TO GEOMETRIC DISTORTIONS. THESE
DISTORTIONS MAY BE DUE TO SEVERAL FACTORS, INCLUDING: THE PERSPECTIVE
OF THE SENSOR OPTICS; THE MOTION OF THE SCANNING SYSTEM; THE MOTION OF
THE PLATFORM, THE PLATFORM ALTITUDE, ATTITUDE, AND VELOCITY; THE TERRAIN
RELIEF; AND, THE CURVATURE AND ROTATION OF THE EARTH. GEOMETRIC
CORRECTIONS ARE INTENDED TO COMPENSATE FOR THESE DISTORTIONS SO THAT
THE GEOMETRIC REPRESENTATION OF THE IMAGERY WILL BE AS CLOSE AS
POSSIBLE TO THE REAL WORLD. MANY OF THESE VARIATIONS ARE SYSTEMATIC,
OR PREDICTABLE IN NATURE AND CAN BE ACCOUNTED FOR BY ACCURATE
MODELING OF THE SENSOR AND PLATFORM MOTION AND THE GEOMETRIC
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RELATIONSHIP OF THE PLATFORM WITH THE EARTH. OTHER UNSYSTEMATIC,
OR RANDOM, ERRORS CANNOT BE MODELED AND CORRECTED IN THIS WAY.
THEREFORE, GEOMETRIC REGISTRATION OF THE IMAGERY TO A KNOWN GROUND
COORDINATE SYSTEM MUST BE PERFORMED.
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THE GEOMETRIC REGISTRATION PROCESS INVOLVES IDENTIFYING THE IMAGE
COORDINATES (I.E. ROW, COLUMN) OF SEVERAL CLEARLY DISCERNIBLE POINTS,
CALLED GROUND CONTROL POINTS (OR GCPS), IN THE DISTORTED IMAGE (A - A1
TO A4), AND MATCHING THEM TO THEIR TRUE POSITIONS IN GROUND
COORDINATES (E.G. LATITUDE, LONGITUDE). THE TRUE GROUND COORDINATES
ARE TYPICALLY MEASURED FROM A MAP (B - B1 TO B4), EITHER IN PAPER OR
DIGITAL FORMAT. THIS IS IMAGETOMAP REGISTRATION. ONCE SEVERAL WELL-
DISTRIBUTED GCP PAIRS HAVE BEEN IDENTIFIED, THE COORDINATE INFORMATION
IS PROCESSED BY THE COMPUTER TO DETERMINE THE PROPER TRANSFORMATION
EQUATIONS TO APPLY TO THE ORIGINAL (ROW AND COLUMN) IMAGE COORDINATES
TO MAP THEM INTO THEIR NEW GROUND COORDINATES. GEOMETRIC
REGISTRATION MAY ALSO BE PERFORMED BY REGISTERING ONE (OR MORE) IMAGES
TO ANOTHER IMAGE, INSTEAD OF TO GEOGRAPHIC COORDINATES. THIS IS CALLED
IMAGE-TOIMAGE REGISTRATION AND IS OFTEN DONE PRIOR TO PERFORMING
VARIOUS IMAGE TRANSFORMATION PROCEDURES, WHICH WILL BE DISCUSSED IN
SECTION 4.6, OR FOR MULTITEMPORAL IMAGE COMPARISON.
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IN ORDER TO ACTUALLY GEOMETRICALLY CORRECT THE ORIGINAL DISTORTED
IMAGE, A PROCEDURE CALLED RESAMPLING IS USED TO DETERMINE THE DIGITAL
VALUES TO PLACE IN THE NEW PIXEL LOCATIONS OF THE CORRECTED OUTPUT
IMAGE. THE RESAMPLING PROCESS CALCULATES THE NEW PIXEL VALUES FROM
THE ORIGINAL DIGITAL PIXEL VALUES IN THE UNCORRECTED IMAGE. THERE ARE
THREE COMMON METHODS FOR RESAMPLING: NEAREST NEIGHBOUR, BILINEAR
INTERPOLATION, AND CUBIC CONVOLUTION. NEAREST NEIGHBOUR RESAMPLING
USES THE DIGITAL VALUE FROM THE PIXEL IN THE ORIGINAL IMAGE WHICH IS
NEAREST TO THE NEW PIXEL LOCATION IN THE CORRECTED IMAGE. THIS IS THE
SIMPLEST METHOD AND DOES NOT ALTER THE ORIGINAL VALUES, BUT MAY RESULT
IN SOME PIXEL VALUES BEING DUPLICATED WHILE OTHERS ARE LOST. THIS
METHOD ALSO TENDS TO RESULT IN A DISJOINTED OR BLOCKY IMAGE
APPEARANCE.
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BILINEAR INTERPOLATION RESAMPLING TAKES A WEIGHTED AVERAGE OF FOUR
PIXELS IN THE ORIGINAL IMAGE NEAREST TO THE NEW PIXEL LOCATION. THE
AVERAGING PROCESS ALTERS THE ORIGINAL PIXEL VALUES AND CREATES
ENTIRELY NEW DIGITAL VALUES IN THE OUTPUT IMAGE. THIS MAY BE UNDESIRABLE
IF FURTHER PROCESSING AND ANALYSIS, SUCH AS CLASSIFICATION BASED ON
SPECTRAL RESPONSE, IS TO BE DONE. IF THIS IS THE CASE, RESAMPLING MAY BEST
BE DONE AFTER THE CLASSIFICATION PROCESS. CUBIC
CONVOLUTION RESAMPLING GOES EVEN FURTHER TO CALCULATE A DISTANCE
WEIGHTED AVERAGE OF A BLOCK OF SIXTEEN PIXELS FROM THE ORIGINAL IMAGE
WHICH SURROUND THE NEW OUTPUT PIXEL LOCATION. AS WITH BILINEAR
INTERPOLATION, THIS METHOD RESULTS IN COMPLETELY NEW PIXEL VALUES.
HOWEVER, THESE TWO METHODS BOTH PRODUCE IMAGES WHICH HAVE A MUCH
SHARPER APPEARANCE AND AVOID THE BLOCKY APPEARANCE OF THE NEAREST
NEIGHBOUR METHOD.
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QUESTION:

WHAT WOULD BE THE ADVANTAGE OF GEOMETRICALLY CORRECTING AN IMAGE TO
GEOGRAPHIC COORDINATES PRIOR TO FURTHER ANALYSIS AND INTERPRETATION?

ANSWER

THE ADVANTAGE OF GEOMETRICALLY CORRECTING AN IMAGE PRIOR TO FURTHER
ANALYSIS AND INTERPRETATION IS THAT IT WOULD THEN ALLOW PROPER
MEASUREMENTS OF DISTANCES AND AREAS TO BE MADE FROM FEATURES IN THE
IMAGE. THIS MAY BE PARTICULARLY USEFUL IN DIFFERENT APPLICATIONS WHERE
TRUE MEASUREMENTS ARE NECESSARY, SUCH AS IN URBAN MAPPING
APPLICATIONS. ALSO, THE GEOGRAPHIC LOCATIONS OF FEATURES COULD BE
DETERMINED. ONCE AN IMAGE IS GEOMETRICALLY REGISTERED TO A KNOWN
GEOGRAPHIC BASE, IT CAN BE COMBINED WITH OTHER MAPPED DATA IN A DIGITAL
ENVIRONMENT FOR FURTHER ANALYSIS.
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