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7.1.2 Geometric Corrections

It is the process of rectification of geometric errors introduced jn the i
the process of acquisiion. The i s 10 transform the remorely gy &

have the scale and projection properties 0!" map. The geometric distory mhlhv.
raw digital images arise from earth's rotation; panoramic distortion, flmlglm“ T fhy
by earth curvature; scan skew; variations of platform’s height, yejoy. "y
(pitch, roll, and yaw); and aspect ratio distortion. The main soypee of ¥ iy,
eror in satellite data is satclite path orientation (non-polar), The - et
may be systematic distortions—the effects that are constant, can pe o 0%
advance; or non-systematic—caused due 10 variations in spacecrafy Varighjey "
atmospheric scatter. The systematic distortions (errors) are corrected | u'l-md
ephemeris of the platform and the precisely known sensor distortion Y iy
The non-systematic distortions are corrected by matching the image coord; o
the physical features recorded in the image with the geographic cmmmmﬁﬂaﬂ
same fmun_ from a map or using GPS. The geametric correction process nf:h
in first considering the systematic distortions and then the nun-ay,nmj:;im

Systematic Distortions The
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5. Earth's rotation: The earth rotates as the sensor scans the terrain, This resaly
in a shift of the ground swath being scanned, causing along-scan distortica
Since between the time of first scan and the time of Inst scan, the earth rotale
castwards significantly relative 1o the resolution element, each optical sweep o
the scanner covers an area slightly to the west of previous sweep. The amoan
of earth rotation during this period results in image dislortion known 25 shee
distortion. This distortion can be corrected by scanning successive groups of fises
offset towards the west, in proportion to the amouni of movement of the
during image acquisition. This results in the parallelogram outline of the
image (Fig. 7.8(b)). '

The systematic distortions are well understood and can be easily ':‘"T‘":
by applying formulas derived by mathematically modelling the soureet

distortions.
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Figure 1: Figure showing distortion due to earth’s rotation
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implies the change in platform arientation that is '

. ificant over the lime required 1o scale & m.::.
"g:: This is termed as skew motion—motion & i
::cmhrmciliw perpendicular to the intended direction of motion.

variations ure shown
pitch, ar roll as shown in Fi_;. 7.10. Thnn:f:ﬂﬂ of ﬂ:mﬂf;m in g
in Fig. 7.11. Pirch is the 'h'l:mr:ﬂ rotation .Hﬂ: N Ihﬂ.ﬁmﬂnﬂﬁ
motion (noise-up plane), resulting in changes in U spanlﬂ:md e =
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he line direction resulting in laieral shift in scan line ]:I:.'Iﬂll'ﬂl!- Yaw .ﬁ mrﬂl!; v
of & senor platform in the horizontal plane, of about its vertical llﬁ- :
sose-right direction, It causcs rotation and skew distortion. Changes in yaw resu
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Figure 3: Attitude Distortions of an aircraft
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Figure 2: Schematic representation of the systematic and non systematic distortions
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o | The non-systematic variations can be evaluated from tracking data,
hmmw.mmummmmum
pdr'""i"lw!lwsrwmdpdmtmm&n"-
Mmumummmmwmmd
Eround control. The basic concept underlying is the transformation of satellite
Mages into a standand map projection so that image features can be accuraiely
loched on earth's surface. Furthermore, the corrected image can be compared
*mhmmmdmm-&-mm

Georeferencing The geographical features on the digital image, calleg
mdmtomxmmﬂkmmmidmﬁmnmm“
of known ground locations can be accurately located on digital image. £ o™
of GCPs are the intersection of streams, highways, runways, airports, e The
latitudes and longitudes of GCPs are determined from base maps, if available. gy
GPS may be used for this purpose. It may be noted that the accuracy of iy
of GCPs has a direct bearing over the extent of rectification affected. GCPs shouys
be reliably matched between source and reference, and should be widely dispersed
throughout the source image.

The location of the output pixels are derived from the GCPs. Then these g
Mbmwmdwmtiw-ﬂiumm»mm
image. The difference between the actual GCPs locations and their respective
positions in the image arc the required geometric transformations to restore the

Coordinate Transformation In this method the input pixels are rearranged
on a new grid. The image correction is carried out using polynomial equation
converting the source coordinates to rectified coordinates; the order of polynomish
is decided depending upon the extent of geometric distortion. Usually, it is camied
out with the help of Ist order and 2nd order transformations. For accuracy the
number of control points must be more than the number of unknown parameies
in polynomial equations. The accuracy should be within £1 pixel.
W“Tmmnmﬁmmdhimlww
resampling, or intensity interpolation is used to determine the pixel values of &
transformed image. Image resampling involves the reformation of an image &
(0 a new grid. This is achieved by using features (GCPs) that are common ¥
m“““““uﬂ&w%miwwimpﬁlﬂmﬂ'ﬁ
“J)WMMmmMcmimiﬂﬂﬂMm;'m
geometrically correct geographical grid in terms of latitude and longitude-
mh”m“wmdo&hdldmﬁdi’wﬁ
into x and y coordinates, which becomes the new address of an image pixel
mMmuﬁmdﬂmmMimemW’
Dﬂummwmhmmmmm.mrﬂ“

is repeated until the geographical grid is full at which point the image b3
geometrically corrected (Fig. 7.12). e
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There are generally three types of resampling methods, viz, the muut
neighbour method, the bilinear interpolation method and the cubic convolution
method, to assign the appropriate digital number to an output cell or pixel. These
methods are described as follows,

|. Nearest neighbour method: The method is also known as zero-order interpolation
method. It consists in assigning each corrected pixel, the value of the nearest
uncorrected pixel. The method is simple in application and has the advantage
of preserving the original values in the altered scene. However it may introduce
h’”‘“ﬁhie errors, especially in linear features, where the realignment of pixels

Obvious. Some of the other disadvantages of the method are blocky picture
:E;‘;&m?ﬂ and spatial shifts. The effects although are negligible for most visual

'cations, but may be important for subsequent numerical analysis.

m’““" interpolation method: In this method, the calculation of each output
2 x ;1;:1:‘“ based on a weighted average of values within a neighbourhood of
*qﬂiuutnwr adjacent input pixels. This process is simply the two dimensional
" 10 linear (first-order) interpolation. Since each output value is based on
"PUt values, the output image is much smoother than nearcst ncighbour

e ;H “Ver, some changes such as loss of brightness ﬂhﬁ_hﬂleinpm
bour. . "cduction in the spatial resolution of the image, and blurring of sharp
Valye '™ the picture do occur when bilinear interpolation creates a new pixel
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3. Cubic convolution method: This method is also known as hi:lﬂhi\-

or second-order interpolation method. It is supposed mheu,,“m“%%h
and complex method of resampling. It uses a weighted average of ‘“:Eh%
neighbourhood of (4 x 4) 16 adjacent input pixels, Though, the image, Withiy
are noticeably sharper than the previous two methods, but peq drastica]

This method, however, introduces some loss of high frequency infntmm;“'mi'

Scanned with CamScanner




