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SOME REMARKS ON LANDSAT M3S PICTURES

ABSTRACT

The lecture is carried out on investigating of possibilities
of matching MSS pictures to a Hungarian projection system.

The MSS picture, issued in UTHM at the scale of 1 : 1000 000
can be transformed to an other scale and other projection
system, namely the Gauss-Krueger projection system. By this
way a suitable photo base can be got for producing a
photomap at the scale and in the projection system required.

An investigation was carried out on difference between the
two projection systems from point of view of transforming
possibilities. There is a difference between the datum
surfaces of two systems, between the Hayford and f{rasovsky
ellipsoids. We followed prof. Hazay’s method for carrying
out transformations. We searched for taking a simple, fast
method of transformation can be carried out by well-known
photogrammetric method and by means of photogrammetric
instruments.

INTRODUSTION

There is a LANDSAT W3S picture form issued at a scale of

1 : 1 000 000, with a format of 23%3x23 cm2, This picture

is transformed to Universal Transversal 'ercator projection
system.

This space-born imagery can be employed to numerous tasks
on the field of cartography and topography.

The topographic mapping in Hungary is carried out in
Gauss-iKrueger projection system.

We tried to investigate how to match 'SS imagery to Gauss-
-Krueger projection system, and what is the difference

214.



between the two systems. fe tried to find an analogue
method to transform 35 imagery to Tauss-Krueger system
from the point of view the difference existing between the
JTM and G-X systems.

The Universal Transversal Mercator svstem’s datum surface
the ellinsoid of Hayford is, while Gauss-irueger system is
based on Krasovsky ellipsoid.

For transforming the most simple method is to use rectifiers.
Working with parallel picture and object plane, the scale
of object plane can be changed.

The parallel vpicture and object plane can be used if the
deviation ocoured by difference of projection systems does
not exceed half of nominal resolution at corners of picture.
The nominal resolution 79 meters are in both direction on
the surface of Barth.

Prom this point of view we tried to explain the deviation
occured by difference of projection systems. In order to
explain the deviation, we compared projection equations
of projection systems. There is a difference between the
datum surfaces of them, so we tried to find relation vet-
ween the ellipsoids.

ON PARAKMETERS OF ELLIPSOIDS

In surveying, geodesy, photogrammetry there is a plain used
for representing results of measurements. This plain
contains a coordinate system by means of which any point’s
location can be determined.

The measurements are carried out on physical surface of
Barth. This surface is an irregular one 2anl can not be
managed by mathematical methods. For projecting results of
measurements from this surface to plain of map, the surface
must be replaced by a regular one which can be managed by
mathematical methods.

This new surface is datum surface of a projection system.
Generally it is an ellipsoid of rotation.

The ellipsoid is defined by two varameters, from one must
define the size of ellipsoid.

#llipsoidical varameters:

a - half of longer axis
b - polar radius

e - Tfirst eccentricity
e’ - second eccentricity
1 - flattening

Radius of curvature in the meridian:
M= a-(f—c"/ / 1/
(1 - e%sip2p)32
Radius of curvature in the prime vertical:
e i 7z /2
<
(1-e%sin*$
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Flattening: o P

2 _ [ i 2_H}2 / 4/
e_;/gazb e=(z0 bzb

Introduce the following value:

Eccentricities:

Z
m%= e cos*y
where P ellipsoidical latitude
A= ellipsoidical longitude

THE GAUSS-XRUEGER FROJECTION SYSTEM

In geodesy generally conformal projection systems are used.
The Gauss=xXrueger conformal projection system’s datum
surface Krasovsgky ellipsoid is.

The x abscissa is the same as one of the ellipsoid’s Soldner
coordinate system. The Soldner coordinate system is a rec-
tangulaer one of ellipsoid, having a meridian as x axis.

The y ordinate of Gaugs-irueger system differs from
3oldner’s one for providing conformal projection.

The Gauss=-Krueger projection system is a transversal Merca-
tor one of ellipsoid. The cylinder is tangentlal to ellipso-
id in the central meridian. The zone is 6~ wide.

The datum surface of projection system has the following
parameters:

a = 6 378 245. 000 m
b = 6 356 863, 019 m
1 = 1/ 298,3
el= 0.006 693 4216
g2= 0.006 738 5254

Plain coordinates can be got from ellipsoidical ones by
using the following vorojection equations:

x=B+A2>\2+A47\4+ A6>\6 / 6/
y = A1A1 + A3)3 + A5X5 / 1/
where:
A= fgi“ os Y
A, = /‘9/ tg | Cos*y
N 2
A= 5)03 cos’p( 1- tg*p + 7%
A ——— 24 %950005/0(5— tg* p+99 +47)
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N

Ag = /Zoffcosfgﬂ (5~ 18"+ t9%p)
N
Ae:W tg ¢ cosp(61-58 kg*p + tg*y)

4
b d
B=[Mdyp = 7- %7/‘ b 3
o/ p= af 60 (1-e%smn*y) 2

THE UNIVERSAL TRANSVERSE INME:2CATOR PPOJECTION SYSTEM

The UTM projection system is a conformal one. This system
is a Gauss=-.rueger type one. The central meridian is
longitude of origin, while latitude of origin the Equator
is. This system is not tangential, it is an intersecting
one. The scale factor at the central meridian :

k, = 0.999 6

The datum surface of this projection system the Hayford
ellipsoid is having the following parameters:

a = 6 378 388. 000 m
b = 6 356 911, 946 m
1l = 1/ 297
e2= 0.006 722 6700
é2= 0,006 768 17C2

Plain coordinates can be got from ellipsoidical ones by
using the following projection equations:

x = /I/ + /11/p° + /IIT/p* + A / 8/

y = /T0/p + /V/p® + B / 9/
where:

(I)=S ko

(_/7_—): Y- sin i Cz_s‘ Q- -sin?7" K, - 108

Y- *0-sint 1" | 2
//v//r)” Lo w?f ey (5' @240 ’“9”7 "474/'4’0' 10"

(1v)- Vocos-sin 1’ ke, 107

— " 3 i & 3.4V
(V)- 4 caségﬂ w31 (1- fgzgﬂ*”zz/ko‘mfz

. & 6 ¢4
Afl sin 40762005‘ Ysn® 1 51— 58 19+ 1g*y +

+270-€%cos’ ¥ — 330 e%sin?w) k- 1Z
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e i 4T

+ 14E%c05%0 - 58 %P p) - ky, 10%°

S = //‘70’;0 alr- 6//// o= s

p= 0, 00017 )
U -
4 (1-e%sin?p)”

The factors of 10 t:ke parts in exvressions for calculating
with 1C di~it -~aleculators /1/.

CONVERSION BETW:ZEN PROJECTION SYSTEMS

In first step of investigation we dicsrezard of various
datum surfaces of projection systems. In this manner the
two systems can be regarded with a comwrmon, theorstical
datum surface.

We suppose the projection equations of two systems are
the same. Comparing expressions our supnosition can be
proved.

Let’s compare the expressions 3 of Gauss=-Krueger :ystem,
ani /I/ of iiTM, v

B - / Mdy (1)=k,S o 16y

There is a difference existing between two terms, caused
by k This member of expression loes not depend on
p081910n on ellipsoid, it is a constant.

Then compare the A2 expression of G-K system with /II/ of
UTH.,

N
A2= 5oz tgp - cos’p
(_/7)=J/'5’”50'205?'5’772’/’./(0./06

N=)
CONSTANT  TERMS : 7/29
sin?1" . k- 102

N-tgy cossw = N cos@ sin @
N-cos ¢. sin ¢ N cos ¢ sin @

(]
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The existing difference is because of constant terms,
The two exvpressions are funlamentally same.

Let’s compare expressions 4, of G-X, and /III/ of UTH,
Ag = i 90 Cosp-(5-tgP 497" +4 7
. . 3,5 . 4 47 16
(”y - Y-sin @ cos’Y -siné { (5-fgzw+97z+474]ko- 10

24
The constant terms: 6{?4, sin® 1" ko-10"
] . 3 g
Ag = N 5//24‘? cos § (5-tg*p+ 997 +47%)

M- s o g
{,,;): ”72{2 cos Y (5_@140*9,754”{4)
The two expressions are the same,
Now, let’s compare the expression A6 of G-K, and Ag omne of

UTH,
Aq = rggeto P cos’ P67~ 88 170 + g* p)

Ag =p° Ysip 10%50(05//7 7" (61-58 to?ip+ by’ p+2706%0sP-330€ n‘nzéﬂﬂ/o 0%
The two expressions are the same fundamentally. The p6 term
of A, of UTM does not disturb, because p = 8’ C00 1 .

The éxpression 4, of G-K is multiplied by X~, but A6 of UTM
is not. The last "two terms in parantheses of i, of "UTM
have no valuable influence to the value of v, 8o they are
negligable.

Then compare 5-K systems A, and UTW’s /IV/ expressions:

A1=—5/,\—/50$¢) (V) =) cos @ sin 1”107
aq- cos 40 - a- cos P N =//
(1-e*simn*p)%  (1-e%sm* y)"? /cousmurs:
They are fundamentally same. 9/ sin 1" 704

A, expression of Gauss-Krueger projection system is same
with /V/ expression of UTM:

Az= 6/\;’ cosP (1- g2 9 + 7%

3 Vi
(v)= V_cos (ﬂg'ﬂﬂs ! (1- tg*p+ 0% k 10%

Finally, the Ag of G-K is same, as 85 of UTM:

N
’45“?0—575- cos’p (6- 18 tg°p + z‘g‘p)

5 Y 5 5 g1 _ 2 ,
By P22 zg n” T (5-184g P9 e Cosp - 58 %) Ky 107

CONSTANTS — 1/720 p*
sin 71" ko 10°%720
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The last two terms in parantheses of 3. of UTM can be
negligable , having no valuable influegce.

Our supvosition was right. There is no fundamental difference
between Gauss-Krueger projection system’s and Universal
Transverse Mercator proj-ction system’s projection equations.

The difference is caused by constants, but it does not

cause difference in shape, cause difference only in size-
which can be negliged by multiplying, or when rectifying,

by changing scale.

It can be stated, that the difference between two projection

systems will not cause a deviation, when enlarging MSS
imagery.

RELATING <LLIPSOIDS

Above we disregard of various datum face: of projection
systems. The same nature of projection systems will not
cause deviations, when enlarging. The difference existing
between the two ellipsoids may cause deviation.

When regarding one of ellipsoids as a datum surface a relati-
on can be find to transform to the other one. The second
one can be regarded as a picture surface.

We should carry out a projecting from datum surface to
picture surface. The datum surface Hayford ellipsoid is,
while the picture one Krasovsky ellipsoid is.

For conformal projecting, prof. Hazay stated a projection
equation /5/. for projecting between two ellipsoids.

#e have two conditions:
- the normal parallel of both ellipsoids should have
the same ellipsoidical latitude

Po = Por = Poz
- after carrying out projection, the normal parallel
should keep its lenght with no distorsion.
One of projection equations is:
Ag =n-Ay / 10/

where
AZ - longitude on picture surface
A, - longitude on datum surface

n=é¥-—ratio of theirs

1
The other projection equation is given by the following
formulae:

2 P 1-&5sm ¥ 0 1-e,sin ¢
tg/ﬁ Z)/7+ & sin "(/ : /5 Z)/ng////;;ﬂ, / 13
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After calculating values of n and k, the projecion can be
done.

For finding values of n and k we should select § = 470 as a
latitude of normal parallel. It is normal para1181 of
Hungary. = -
ey Vo = Por = ¢hz

The factor n can be determined:

. No1

N / 12/
02
where:
N and U 2

= {4 2t
ol (7—84/5//7144,)//2 02 (1- ¢ s 2 %)Mz
The factor © can be determined from equation /11/.

For ¢ = 47°, n = 1. 000 0%0 27
k = 0. 999 993 70

By using these factors, a projection can be carried out from
Hayford ellipsoid to :.rasovsky ellipsoid.

When projecting the parallel of = 490, in latitude half
a second change will occur.It’s volume: 15,35 ms.

When calcul%ting with the following equation: X, = h- Ay
A can be 3,

%3 x 1. 000 030 27 = 3, 0GOO 090 81 = 3% - 00 - 00,3%26.
It’s less, than half a second.

SUMMARY

We investigated possibilities of transforming KSS imagery
to Gauss-Xrueger system. The difference between UTM and G-K
systems will not cause deviations when enlarging the MSS
imagery.

The conformal projegtion vetween their datum surfaces will
cause in range of 3 in latitude 15 ms deviation in N-S
direction and 9 ms in E-W direction.

As a summary, we can state that LANDSAT MSS imagery can be
transformed to Gauss-Krueger projection system with smaller
deviation caused by differences of projection svstems

than nominal terrain resolutions’ half is. From point of
view the projection systems, the enlarging can be done.
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