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Intrcduction

Geometric corrections is one of the preprocessing techniques.
As preprocessing, we intend the corrections of the deficiencies and
the removal of flaws present in the data prior of any use of them.

Some corrections are however carried out at the ground
receiving stations, others have to be examined in this phase.

Preprocessing needs depend on the applications; techniques
usually considered in this phase are data flaw corrections,
radiometric corrections, atmospheric corrections, geometric
corrections. Geometric corrections refer to spatial distortions of
the spatial sampling grid; the others, instead, deal with
alterations introduced in the radiance measured by the sensor,.

Geometric corrections are however important not only to
correct data but also to correlate information coming from
different sources. In fact if we consider the example of two
satellites with a different resclution we must adopt a common
reference to correlate points from areas of the two resulting
images. In the same way it is faced the problem to correlate a
satellite image with an existing map.

Degradation causes

Among the degradation causes, rotation of the Earth, panoramic
distortion, Earth curvature, finite scan rate of the sensor, sensor
non-linearities, satellite altitude and attitude variations are the
main. Some of them refer to a particular satellite or sensor and
are corrected at the ground receiving stations. Others are more
general and will be examined in the following.

Earth rotation

While the satellite is acquiring data, the Earth is rotating
below it. The resulting effect is that a scan line has to be
shifted with respect to the preceding one as showed in fig. 1. The
amnount of the shift is computed by considering the time t,  needed
to acquire a frame. t, is given by the dimensien L, of the frame
along the orbit of the satellite divided by the velocity of tha

satelljte:
t, = L/wr (1)

where w, is the angular valocity of the satellite and r is the
radius of the Earth.

On the other side the surface velocity of the Earth is given
by:

Vv, = w,r coa(L) (2}

where L is the latitude, and w, is the angular velocity of the
Earth. The total displacement to take into account between the
first pixel and the last is:

d. - V.t. (J)

A final consideration regards the fact that the satellite is
orbiting with an inclination angle {i. So, the effective
displacement is also function of angle i:

d, = dcos(1) (4)

The total displacement, depending on the latitude and on the
satellite parameters, can be some per cent of the total length of
the frame.

Pancramic distortion

Consider as reference fig. 2. Since for spacecraft remote
sensing platforms the angular IFOV is constant, the effective pixel
size on the ground is larger at the borders of the scan line than
at the subsatellite point. This effect is particularly evident for
those satellites (the NOAAs for example) whose scan lines are
particularly wide. In this way the effective resolution is maximum
at the subsatellite point and decreases for lateral pixels.

Referring to fig., 2, if p 1s the pixel dimension at the
subsatellite point, h is the height of the satellite, f is the
angular IFQV, and v is the scan angle, we have that the length p !
of segment AB 1is given by:

p,'! = fh/cos(v) (5)

To have the effective pixel size p, given by the length of
segment CB we have:

P, = p,'/cos(v) = fh/cos’(v} (6)

Eq. (6) gives the law by which resclution decreases when the
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distance jncreases from the subsatellite point.
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A second effect is evident. since P, is the distance petween
the center® of the pixels on the scanning grid, when Vv jncreases,
the reference grid is aistorted. In fact, when we display our
image, we use a regular reference grid; the effect is to compress
the pixels which are at the borders of the scan lines.

This distortion is evaluated bY thinking that segment cs is seen
as arc C'S' when considering the correct gria. The ratio between
cs and c'st gives the distortion factor:

D = v/tgtv) (N

Earth curvature

A furthexr affect 18 due to Earth curvature; referring to
£ig. 3 we can obhserve that the curvature adds 1its effect toO
panoranic distortion. In fact we have no¥ to consider that segment
cep is yrotated by an angle 2 with respect to fig. 2. Furthermore,
to the height h of the gatellite & term r(l—cos(z)] has to he added
where, I is the Earth' 8 radius. The resulting formula ja:

P, = f(h+r(1-cos(z))/cos(v)coa(v+z) (8)

when z=0 ed. (8) reduces to ed. (6) a8 expected.

geometric corrections

one way to define qeometric corrections js to request that,
after the transformation, the remotely gensed images have the scale
and projection properties of maps-.

A map is 2 graphic representation on a plane gurface of the
Earth' 8 gurface or part of it, showing its geographical features.
These are poaltioned according to pre-established geodetic
controls, grids, projectione and scales.

A map projection is the way to represent a curve surface on
a flat sheet of paper.

Independently of the particular algorithm used to perform
geometric corrections there are three pain steps to be followed:

- petermine a relationship between the coordinate systems
of the map and the image.

- pefine a grid of points in the corrected image.
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- Estimate the pixel grey level values assocliated with
these points.

Two basic techniques have been proposed to solve the first two
points of the algorithm. The former is based on the xnowledge of
the orbital geomelry model of the satellite. A relatlonship petween
the coordinate system of the map and the image is mathematically
computed and applied. This method is not particularly accurate
since altitude and attitude parameters of the satellite are subject
to vary continuously in time with the risk to apply 2
transformation whose parameters are not updated. The latter method
ignores the causesS of distortions and examines only the effects.
cround control points are jdentified on the map and on the image;
from these points the needed ttansformation is defined.

Finally, resampling techniques are considered jn order to
solve the third point.

orbkital geometric rodel

As pointed out, it is pased on the xnowledge of the parameters
of the orbit of the satellite, and of the sensor. gince it is not
very accurate, it is usually applied only for those satellites
which present a narrow angular field of view, as for example the
Landsats'. wWe shall jillustrate the procedure through an example
which considers Landsat MS3 data; the corrections applied are
relative to Bcale chande, skew, Farth rotation, and do not take
inte account panoramic distortion apnd Earth curvature. The
corrections are applied bY means of transformation matrices.

Scale Change

Landsat MSS presents four bands with a nominal IFOV of 79 mi
the pixel gize is nominally 56x79 M aince there is an oversampllng
along the across-track direction. 59 the pixel {s not square but
rectangulary this causes 2 distortion which can be eliminated by
rescaling one of the two dimensions. since the IFOV is 72 W the
pest we can do is te perform a qeometric rescaling to have a pixel
of 79x79 m- This can be obtained bY resampling the original image,
thus defining a nev grid in Wwhich points are more distant along the
x axis with respect to the original of a ratio T = 79/56. The
resulcing transformation matrix to be applied to each point of
the original grid is:



Skew Correction

Satellite orbit jig skewed with respect to the horth-gouth axis
of the Earth; jif j denctes the 1nc11nation angle, the skew angle
5, at the equator jga;

S, = 90 ~ § (9)

S = 90 - cos“(sin(s,)/cos(m) (10)
where cog'! indicates the inverse cosina function.

To obtain the north-south orientation, 4 rotation of the angle
5 has to be berformed; the rotation matrjy T, ia:

cos(S) -sin(s) ¢
sin(s) cos(S) o
4] 0

Earth rotation correction

T o=t/ = /N, (11)

and t {g the scanning time of the considered pixel, 1 ig the i
plxel 'lhiCh is acquired and Np is the total number of pixels of the
me

The three transformations defined above can be composed in
only one transformation T:

12)
T = T,1,T4 (

rious satellites
can be applied to the va £ ites
Thiﬂi:ﬁ:;igz:mgﬁéf::1 model and the characteristics o
by cons

sensor for each of thenm.

6

Transformations based opn ground contro} pointg.

The method compareg diffarenceg between the Positions gp
pointg recorded on an image ang ©n a map, These differencea are
used to estimate a set of transformations, between the image and
the map ang Viceverga, The only drawback ig that a map of the
interesteq area has tg exist. Thig is not tryue just in
where the need of maps is more urgent, Possible 8olution for
these areas is to locate control points directly on the ground,

Once the coafficientg s A, €, have beep determined the
Problem ig solved. Each of eq. (13) has to be treateq 1ndependent1y
©of the other and gives solution for its Coefficientg, Each ground
control point gives origin to the set of aq, {13}.

A linear transform of the fornm (13) can take into acecount
8caling, rotation and translation. For Panoramic distortjon it is
not sufficient Eince the distortion effect is more complex; hia?e:
order polynomials are necessary. The general form for suc
Polynomial ig;

h m-k
X =I I, acht (14
0 k

Hhe e m -] tlle the yno he other relations have
i OrdEI of h pol It Illial « T t 1
i

a similar form.

n [+] the least BJuare p!OhIED-
Let us consider now the solutio for
We have to write eqg. (14) for all the g:oulld control poi“ts' For

8 me a 2 order polyllomial and consider Ollly
simpl i.cil:y let u assu

the first of (13):
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1T B b ATy + oagry + ayc,® + a,er, + agr? (15)
R L T

) )
¥u = By + 2,0, + ayr, + ayc? + 211Gy t Bgr,

which can be expressed in a matrix form as:

X = pPa {16)
where
X = (%,...,%,)"
a = (ag 2. ay,a,,2,,a,)"
and

P = I

The solution of the problem is well known in literature and
is given by:

a = (P'P) 'R’k (17)

where symbol ()" indicates the transposition operation and (17" the
inverse matrix.

The solution can ba generalized for a N™ polynomial but it is
quite rare to adopt a polynomial of order higher than third.

Solutions for the other transformations of eq. (11) are
analogous.

Let now have some considerations on the choice and the number
of ground control points. There is, in fact, a minimum number of
ground control points; this number is determined by the number of
coefficients of the polynomial representing the transformation. As
we can gee from eq. (14), 3 coefficients are necessary for a first
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order polynomial, 6 for a second order and 10 for a third order
one. Correspondently, we need at least 3, 6, 10, equations to solve
the problem. However if we required a least 8quare solution, an
higher number of points gives a better solution.

Just to give some ideas, for a full Landsat MS5 image about
100 or 120 ground control points are needed. For a 512x512 image
and a first order polynomial, experience suggests that 10-1%
control points may be sufficient depending con the application and
the precision requested.

The choice of the position of the ground contrcl points ia
also particularly important. They have to be distributed as
uniformly as possible on the image area. If not 80, it may happen
that some equation in (15) is a linear combination of the others.
In this case problems appear when trying to compute (P'P)”' in eq.
17. Really, when working with floating point humbers, it is rare
that an equation is a linear combination of the others; what
happens is that some equations are highly correlated, causing
limitationa to the precision of the results.

A note regards also what kind of control points to select; in
fact, it is not convenient to choose control points which are
subject to change with time, Due to the nature of maps,
intersections of roads and buildings are good control points.
Stable features are however a valid choice.

Once control points have been individuated on a map, they can
be recorded for next use. The game can be done for the image.
Though it is hard to believe that, when considering two images of
the same area taken in different times, they maintain their image
coordinates, some advantages can however exist, In fact a digital
registration process is applicable between the two images and the
displacement between couple of correspondent ground control peints
is valuable; from this displacement, ground control points in the
new image are Put_ into correspondence with the ground control
points of the map which had been stored before. The registration
processa, depending on the relatjon between the two images, can be
performed with various degrees of autcomation. Due to the great
number of computations involved in registration, it is however
important to take advantage from any a-priori interactive
information aimed to restrict the correlation area and so the
Computational effort,

Resampling

Once defined the coordinate transformationas between map and
image, it is alse defined the grid of points of the image, by
applying the transformation to the map grid. So, for each point in
the coordinate map system, we apply the transformation and compute

the correspondent coordinates in the image coordinate system. We
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associate the grey level of these points to the points in the map
coordinate system and the process ends. This is not unfortunately
so. In fact, when computing the image coordinates, we obtain in
general two floating point numbers, while the starting image
coordinates are integer: 2a pixel does not usually exist at the
computed coordinates. This is not, however, a real problem, gince
it is sufficient to interpolate the original image and pick up the
interpolated gray leval value.

Usually three types of interpolations are adopted: nearest
nelighbour, bilinear, bicubic.

Nearest nelghbour interpolation is the simplest way to tackle
the problem. The grey level of the pixel whose coordinates are
rounded values of the computed ones, is assumed and reported on the

corrected image. This is guite effective; the only drawback is-a,

sort of blocking effect in the output image.

Bilinear interpolation assocliates in the cutput image a
weighted mean of the four pixels which are in proximity of the
computed image coordinates. If r, c are the computed coordinates,
Viir o Vi Viay, it Viet, jot the grey levels of the four neighbouring
pixels, the resulting grey level value V is given by:

V= (l-al)(].-l:.i)\r,'1 4+ b(l-a)Vy,; * a(:l.-l:nw,‘],1 + abVi, |n (18)

Where
a=c - |C (19)
b=r - |T
and | | indicates that the integer part of the number has to be
considered.

Bicubic interpolation is based on the fitting of a 2-D third
degree polynomial surtace to the area around the coordinate {c,r).
In this scheme the 16 pixels which are in proximity of coordinates
(c,r} are used. The process acts in two &8teps; first the
interpolation is performed in one of the row or column directions,
then in the other. The interpolation formulas are:

Vem ® -n(l-a)zvr,m + {1-2a2+a’)v1J + ‘(1+a“2)vp1, - az(l-a)vkzm

where m = i-1, i, i+1, j+2 and a (and b ) is defined in (19).

The intermediate values V _ are used in next expression:

v,, = -b(1-b)%V, ;4 * (1-26%4B%) v + DOID-BI}V, 1y = b2 (1-B)}V, 1.2

e
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