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EVALUATION GOF THE GEOSTATIONARY SATELLITE IMAGES GROUND RESOLUTION

P, Beni, V. Cappellini, R. Carila

I.R.0.E. ~ CNR
Florence - Italy

ABSTRALCT

A computing method which allows the evaluation of
the ground resclution behaviour in the images tran
smitted by the METEOSAT-2 geostaticnary satellite
is described.

The image grownd resclution, which decreases from
subsatellite point as a function of the satellite-
-~observed point angular distance, is determined
taking into account the Earth's flattening factor.
Ground resolution guantitative data concerning a
location-Points geographical grid, obtained by
using the described procedure superimposed on a
METEOQSAT-2 typical image, are reported.

Moreover a nomogram obtained by assuming a spheri
cal Earth, which allows rapid determination of the
ground resolution, 1s reported.

Keywords: Remote Sensing, Geostationary Satellite,
Image, Ground Resolution.

1. INTRCDUCTION

In this paper a method 1s presented to compute the
ground resolution as a function of the geographi-
cal observed pcints in the METEDSAT-2 satellite
images [Ref, 1}.

As it 1s well known, the main mission of the Meteo
sat-Z satellite is to provide multispectral images
of the full earth's disk, visible from the geosta-
tionary crbit [Ref. 2).

The obtained images of the Earth can be subdivided
in two classes, according to their ground resolu-
tion:

--Hign Resolution: (VIS) 5000 lines by 5000 pixels
per line, with a spatial resolution of 2.5 km. at
the subsatellite point.

--Low Resolution: {IR-WV) 250D lines by 2500 pixels
per line, with a spatial resolution of 5 km.

The images remotely abtained by the on-board radip
meter are transmitted to ground, after a processing
(which takes into account both attitude and satel-
lite motion), are disseminated by using the satel-
lite itself as a relay.

Satellite images represent the earth curved surfa-
ce in & plane, hence they are map projections.

In computing the ground resolution as a function
of the geographical coordinates of the observed
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point, the curved reference surface assumed for
the Earth 1s an ellipsoid or a sphere.

The tranformation from the reference surface to
the projection surface is defined by a set of ma
thematical equations describing the relationship
between Catitude (¢) and Laongitude (A) in the re
ference surface and the coordinates [x,y) 1n the
projection plane.

Any projection of a curved surface onto a plane
involves distarticns of distances ang areas.

The contact point where the plane of projection
is tangent to the reference surface [(subsatelli-
te point Sslig,é5)), 1s the center of an area of
minimum distertion; on the contrary at the edges
of image the distortion is maximum,

If we consider the line of image that lies on the
equator, at the subsatellite point, the field of
view of a pixel is a square area, on the earth
surface, 2.5 km of side (for visible channel); at
the edge of considered line the pixel fielg of
view is a trapezoidal area about 80 time longer.

2. GROUND RESOLUTION

In computing the ground resclution we assume the
ellipsoid as reference surface for the Earth; in
Fig. 1 the satellite-earth geometry is cutlined.
From the triangle AQq:

tan A = (Rg+h] sin © / (R(¢)-(Rg+hlcos O ) (1)
where: Ry = 6378,140 km Earth's equatorial radius;

h = 357B86.037 km satellite height;
[} central angle,

The Earth's radius as a function of geodeticl(geo
graphical) latitude is given by:

f f
Ri¢) = Re[1_i + 5 cos Z¢) + hg (21

where: f = 1/298.257 Earth's flattening;
hy = altitude in km of the observed point
(X,¢) with respect to the ellipsoid.

The relationship between geodetic latitude ¢ and
geacentric latitude ¢ ' (spherical) is given by:

tan ¢' = (1-f)2 tan ¢ {3)
From Fig. 1 1t 1is also:

A=o0% + e (4)

Proc. ISLSCP Conference, Rome, laly, 2-—6 December 1985, ESA SP-248 (May 1986).
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B+a + g = 30°Y (5)

0on

where: "e
the lacal horizeon anda is the nadir angle.

is the satellite elevation angle ahbove

™~ PLANE OF

PROJECTION

Fig. 1 Satellite-Earth geometry; cross-sectian an the satellite longitude-meridiarn.

The maximum angular distance O that cen be obser
ved from geostationary crbit on the satellite
longltude meridian (North and South satellite
horizon bounds) results to be:

& = 81.3289

corresponding to ¢= 81,3850
with e =0° and «¢ = 8,672°

On the eguator (West and East satellite horizon
bounds) © results (Ref. 3):

B = 81.300% =4 X
with:

M= | a =g |

e =0, a=8.7200°

From the equation [3) it results that, if iIn
computing the ground resalution the reference
surface assumed for the Earth is a sphere, the
error in the pixel locetion determination results
to be maximum for pixels placed at middle latitu
de and it is of the order of -~ 0.2 deprees in
the central angle 8 (correspanding to a distance
of 22 km on the Earth surface or ashout B pixels
in the high resolution images).

As above reported the high resolution image con
sists of 5000 lines with 500C pixels per line.
The observable full Earth disk from the geosta-
tionary height (North-South direction}, corre-
sponds to an angle of:

20 = 17.344°
max

while the scanning in the Scuth-Narth directiaon
of the radiometer on-board the satellite is:

1,25 « 1074 rad.

for sach satellite rotation; so the number of
infarmative lines for the full earth disk Image
is:

[2umaxl 1.25 « 10_4 rad.) = 2422 lines per chan-

nel

which corresponds to 4844 lines for the two visi-
ble channels. .Likewlse the maximum number of infor
mative plxels which are contained in one line
(equatorial line) is:

(26 /1.25 » 107" rag.) = 2430 pixels
max
where:

2 = 17.4°
max
with reference to the geometry of Fig. 1, we can
now determine the pixel size onto the projection
plane:

Ay = S5y / 2422 = 2,253 km !
with:

Ss y = h tan « max (27
The ground spatial resclution as a function of
the latitude along the meridien of the subsatel-
lite point, is obtained by computing 58 y segment
lenght corresponding te one latitude value andg
55"y lenght relative to the first line below:

Sa y’ =585y - 4y (a)
It follows:
tan a' = Ss y' / h (9)
sin A' = [Re*h) sin a'/Rip ) (10)
8" = 180° - (a' + A') (11)

Consequently. the earth resolution at the consi-
dered latitudse is:

—— ‘!'[
(@ -0')=(0-08") ---- Rlp) {km} {12}
1809

and represents the lenght of the trapezoidal area
onto the earth surface corresponding to the fiels
of view of each pixel.

The same ground resolution evaluation methed can
be used for all peints {A,$) of the Earth surface
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within the satellite horizon area; i.e. those
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points with an angular distance @ with respect ILEVATION AWGLE (4en |
to the subsatellite point Ss lower than 81.328°, * o " o i © o wem
The angular distance between the subsatellite lo I T I T ! T 1
pzint Es[ks,¢sl and the observed point (A,¢), is * “;:M ”‘“‘_:1 A bl
given hy: ol

cos @ = {cos AX cos A3') (131 -
where: i

ar=| A-a_ | s 81,3287 - 8008 Lt i i

3000 MatLks L

.
i

a¢'d §¢-9s | 5 81,3287

In the hypothesis of spherical shape of the Earth
the ground resolution behaviour is the same along
all the great circle arcs crossing the subsatelli
te point (where it has the best value of 2.% km -
for the high resolution images).
Fig. 2 shows the variation of the ground resclu- o
tion along the great circle arc (spherical Earth)
in the high resolution images.

ML LEMGWT 1émy

In particular the instantaneous fisld of view va PR oo m—— J
riability of pixels on the eguatorial scan-line 150 H+H P 4020 -] 2008
is reported. PIREL mumsEn

As it can be seen in Fig. 2, the spatial resolu-

tiocn at the subsatellite point is 2.2% km, which Flg. 2 Instantanzous field of view variability
agrees with the 2.5 km characteristic value of of pixels on eguator scanline (or great
the high resolution images and with the sensor circle arc for spherical Earth).

angle of view an board the satellite, which is
2.326 km in the visible band (Ref. 1).

enable the user to knaw accurately the real groung

The table 1 gives a complete description of the spatisl resolution of sach pixel within a Metessat
ground resolution variability within a guadrant image or, in genaral, within any image from geosta
of the Earth disk image. tionary satellite, when each pixel has been corre
Fig. 3, at last, shows both the ground resolution lated with ground geographical coordinate.
computed values and a geographical grid referen- This evaluation is very important in all those

ce superimposed on a METEQSAT-2 sateliite visi- cases in which it is useful to compare and carre-
ble band image. late the information of images transmitted from

different satellites to produce final user "inte

3. CONCLUSTONS grated thematic maps”.

The propased method and the results reported

Table 1
Ground resolution variability

e b e L L Ly T T T T vy,
METEDSAT CROUNTPD RESOLUTION (KM)
.ﬁ:‘:-zI'III&SS’..---IISIBEII-IQUIII-III‘.I--III--ISSSIEIll---=¢.lll!l‘===--'l-!=

L O NTC I T WUDE (DEC.}
¢.¢ 8.0 16.0 24.0 32.0 40.0 48.0 S56.0 s4.0 2.0 U0

B80.0 | B2.64 86,63 100.5 131.8
i
72.0 1 14.96 15.26 16.22 18.07 21.38 27.57 41,22 84.8é
1
64.0 1 7.97 B.10 8.5t 9.20 10.57 12.74 16.6B 25.23 53.78

|
56,0 1 S.41 S5.4% 5.75 4.23 7.02 8,29 16.4b 14.6b6 25.29 85,74

48.9 : 4.12 4.1B 4.37 4.72 5.30 6.21 7.72 10.40 16.75 4l.b6

! 40.0 : 3.36 J.41 3.37 3,85 4.31 5.04 6.22 8.32 12.81 27.8%

Y 32.10 : 2,89 2.93 3.06 3.31 I.79 4,32 S5.31 7.05 10.85 21.85

? 24.0 : 2.58 2,62 2.74 2,96 3.31 3.86 4.74 6.27 ?.346 18.32 137.8

£ 16.0 : 2.39 2.43 2.54 2,74 3.07 3.5 4.319 5.79 8.59 16.45 105.3
8.0 : 2.29 2.32 2.43 2.63 Z.9% 3.42 4.20 5.53 8.18 13.48 70.87
0.0 ; 2.26 2.29 2.3% 2,59 2.90 3.38 4.4 5.45 9.05 15.10 €6.48

g.0 B.0 16,0 24,0 32.0 40.0 48.0 S&6.0 &40 72.0 B0.0
LAAR LT L Ll e L L Ly LY P T T T T T Ty Ty
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Fig. 3 Example of ground resolution values superimposed on a METEOSAT-2
satellite image.
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