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SOME ::1.E~~A:i.KS ON LANDSAT ~;~SS PICTURES 

ABSTCU\CT 

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

The MSS picture, issued in UTM 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 ~rasovsky 
ellipsoids. We followed prof. Hazay's method for carrying 
out transformations. ~ e searched for taking a simple, fast 
methort of transformation can be carried out by well-known 
photogrammetric method and by means of photogrammetric 
instruments . 

INTRODUr;TION 

There is a LANDSAT VSS picture form issued at a scale of 
1 : 1 000 000, with a format of 23x23 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 -Krueger projection system . 

We tried to investigate how to match ~:ss imagery to Gauss­
-Krueger projection system, and what is the difference 



between the two systems. Ne trie~ to find an analogue 
method to transform -·os imagery to -:::auss-Krueger system 
from the point of view the difference existing between the 
:JTM and G-K sy st Pms. 

The Universal Transversal ~ ! ercator system's datum surface 
the ellinsoid of Hayford is, wbile Gauss-Zrueger system is 
base~ on Krasovsky ellipsoid. 

For transforming the most simple metho~ is to use rectifiers. 
Working with parallel picture an1 object plane, the scale 
of object pl~ne can be changed. 

The parallel picture and object plane can be used if the 
deviation oc r:ured by di fferen~e of projection systems does 
not exceert half of nominal resolution at corners of picture. 
The nominal resolution 79 meters are in both direction on 
the surface of Earth. 

From this point of view we tried to explain t~e deviation 
occured by difference of projection systems. In order to 
explain the deviation, we compare1 projection equations 
of projection systems. There is a difference between the 
datum surfaces of them, so we tried to find relation bet­
ween the ellipsoids. 

ON PARAMETERS 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 ~nJ 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 parameters, from one must 
define the size of ellipsoi~. 

Ellipsoidical parameters: 
a half of longer axis 
b polar radius 
e first eccentricity 
e' second eccentricity 
l flattening 

Radius of curvature in the meridian: 
M= a·(f- e 2

) 

(I - ezS/1)2 p) 3/.2 
I 11 

Radius of curvature in the prime vertical: 
N= Q 

( 1 - ezsl()z.y.y f/2 
I 21 
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B'la ttening : 

Eccentricities : 

l= a - b 
a 

e -IJJl- bz 
oz 

Introduce the following value : 

where 

1 2 = e'2
· cosz. '(J 

f= ellipsoidical latitude 
~= ellipsoidical longitude 

THE GAUSS - KRUEGER fROJECTJON SYSTEM 

I 31 

I 41 

I 51 

In geodesy generally conformal projection systems are used. 
The Gauss -Krueger conformal projection system ' s datum 
surface Rrasovsky ellipsoid is . 

The x abscissa is the same as one of the ellipsoid ' s Soldner 
coordinate system . The Soldner coordinate system is a rec ­
tangular one of ellinsoid, having a meridian as x axis . 
The y ordinate of Gauss-~rueger system differs from 
Soldner's one for providing conformal projection . 

The Gauss - Krueger projection system is a transversal Merca­
tor one of ellipsoid . The cylinder is tangential 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 
l = 1 I 298 . 3 
e2= 0 . 006 693 4216 
t!2= 0 . 006 738 5254 

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

2 4 ,6 x = B + A2 >, + A 4)\ + A6/\ 

y = A A1 + A A3 + A A5 
I 3 5 

where: 
N A1==- cos 'I 
9 

4 = g~z. tg tp COS
2f 

-'!J= 
6

: 3 cos"tp( 1- fg''P + t"J 

ones by 

I 6/ 

I 1/ 

A1~ 2.4~1 tgtpcos~p(S-tg'tp+9"1 2+4•'/) 
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THE UNIVERSAL TRANSVERSE r E!CATOR PDOJECTION SYSTEM 
The UTM projection system is a conformal one . This system 
is a Gauss -.Crueger type one. The central meridian is 
longitude of origin, while latitude of oric~in the Equator 
is. This system is not tangential, it is an intersecting 
one . The scale fac tor at the central meridian : 

k = o.g99 6 0 . 

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 
1 = l I 297 
e2= 0 . 006 722 6700 
e2= o . oo6 768 1102 

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

x = /I/ + /II/p2 
+ /III/p4 + A6 

y = /IV/p + /V/p3 + B5 
where : 

(I)= S · ko 

( /(l J) . .sm t; cos f/J · .SI!J 2 tn 8 
;F 2. ko · 10 

(jj) 

ones by 

I 8/ 
I 9/ 

A6= Jl · sm 1/J :JJs 1/} sm r; I" ps(6 f- SB l:q z. tfJ + t 94'/1 + 

+270·e'
2
COS

2 tfJ- 33D e'2sm 2 1,0) ko · 10 21 
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8_&: )). coss-tfJ sins 111 pS:(5 -18 fg2'flf tg41/) + 
"5 120 't' 

+ 14e'2 
CDS21/) - 58 t'2.s;i-/lfJ) · ko 1020 

tf I ( ~ 
s-frtdp = a(f-e')j(;-:'fs,nzp/S/2 

0 0 

p = D1 DOD 1 ;\ 

Y- a 
( 1 - ei!. sin z fO) fl2. 

'.rhe factors of 10 t tke parts in exuression s for calc11lating 
with 10 di ~ it ~alculato~s /1/. 

CONVERSION BETW :~SN pqQJE:;'rio: · SYSTEMS 

In first ste9 of investigation we di P re~ard of various 
datum surfaces of p~ojection systems. In this manner the 
two systems can be regarried with a co rrr:Dn, t~1eor8tic:al 
datum surface. 

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

Let's compare the expressions~ of Gauss-Krueger 3ystem, 
an 1 /I/ of : i T~~. If if 

B = J Mdp (I)~k05 ~kof'fdp 
0 0 

There is a difference existing between two te r ms, caused 
by k . This member of expression ~oes not depeni on 
posi9,ion on ellipsoid, it is a constant. 

Then compare the A2 expression of G- K system wit~ /II/ of 
UTf.!. 

AI z 
A2 = 2. Jz tg if · COS ljJ 

( Jil = f. sin tp ·CDS tf? ·sin2 11
'- k . 1D ~ 

~~ 2 D 

CONSTANT T£Rf1S: 

N. lg tfJ . CDSZ l/) 

N · cos tp . sin t/) 

= 
:::: 

IJ=-Y 

1)2J2 

sinzf" · ko · 10"/2 

N · cos l/) · _s in tfJ 
fJ · COS tp · sin cfJ 
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The existin~ difference is because of constant te~~s. 
The two expressions are fun.iamentally same. 

Let's compare expressions A4 of G-K, and /III/ of UTr' .• 

A"!= 2~~ tqtp·COS41{J·(5-tg2'/)+9·~/+474) 
(liP = J). sm l/?· c;_~3lf?. sm4 t'' ( 5- tgztjJ + 9 ·~/+ 4 ?4J ko. 1016 

, I 4 . ~ 1" j. t.D 16 The constant terms: 1; f ; Stn · ~o · 

A~= N. Slli%. cos3tj) ( 5- tgzl/)+ 9·~/ +47-t) 

{It!} = N· sm 2~ . cos3 t/) ( S- tgz.l/} f 9 . .,/· + Lt "'? 9 
The two expressions are the same . 

Now, let's compare the expression A6 of G- K, and A6 one of 
UTr'1. 

A5 == 72~!?' tg rp COS
6 

tfJ ( 61- S8 fg 2 /fJ +. t94 !fJ) 
6 f/ t/) 5:1/) G f/1 IZ. 2. IZ. n) [.4 A~ = psm cossm (r;f -58 tgZtfJf tg4 rp+270e cos 7fJ-330e s/nz.'l;ko 10 

720 - 6 
The two expressions are the same funiamentally. The p term 
of A6 of UT~1 does not disturb, because p = ~~ · 000 1 j.. . 
The expression A6 of G-K is multiplied by ) , but A6 of UTM 
is not . The last two terms in parantheses of 1 6 of UTM 
have no valuable influence to t~e value of y, so they are 
negligable . 

1hen comuare G-K systems 

A 1 == 1 cos tp 
A1 and ';'rTf's /IV/ expressions : 

(;v) = Jl· cos r.p . sm f". 10 4 

0· cos tp 0· cos. I{J !V=J) 
COIJS TA IJTS: 

They are fundamentally same. _j_ · Sin f". 101 
J I 

h 3 expression of Gauss-Krueger 
w1th /V/ expression of UTP1 : 

projection system is same 

A3 = 
6 
~ 3 cos3 '{J ( f- tg2 fjJ f "7 z) 

(v)= )I cos3t/)6 · sm3 t" (f- tgztfJ+11 ko 10 12 

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

As"' 120 ys coss tp (S- 18 tgzrp + tg 4 p) 

8 = s J/ cos s lfJ s1n 5 1" - ·a l 2 4 ,z. z ,z z 
'5 P 120 (!J-fo 'J 1fNtgp-t-14ecosl.jJ-S8e.s117 p} k0 

COAJSTAIJTS tj 120 p!J-

..sin 5' 1''· ko · 10 z!'12 0 

2:19. 



The last two terms in parantheses of Br:; of UTr1 can be 
neglig able , having no valuable influence . 

Our supposition was right. There is no fundamental difference 
between Gauss-Krueger projection syst~m'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 ne~lig ed by multiplying, or when rectifying, 
by changing scale. -

It c a n be st a ted, that the difference between two projection 
systems will not cause a deviation, when enlarging MSS 
imagery . 

qELATING SLLIPSOIDS 

Above we di sregar<ll 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 re garded 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 . 

We have two conditions: 
the normal parallel of both ellipsoids should have 
the same ellipsoidical latitude 

lfJ 0 =- t(J 01 = f/J oz 
after carrying out projection, the normal parallel 
should keep its lenght with no distorsion . 

One of projection equations is : 

where 

Az. =n - }.1 I 101 

~L - long itude on picture surface 
)1 1 - longitude on datum surface 

/\z. n=-- ratio of theirs ;t., 
The other projection equation is given by the following 
formulae : 

tg 4s~ tfJ:z l(- 1- e, Sit} 14_) £ - k !tg ~s·,i!llt-e, S/fl y1, (i] I ll/ 
r~ T,1 1 +- e, Sl/1 'Pz J L ( 7 L/(h e, sm rp,7 
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After calculating values of n and k , the projecion can be 
done . 

F<'or finding values of n "l.ni k we should select <f> = 47° as a 
latitude of normal par2llel . It is normal parall~l of 
Runr:;ary . tp - tfl 1!1 o - ro1 ro.z. 
The factor n can be determined : 

Nol n = ----'"-=-- I 121 

where : 

N = a 
ol ( 1- e_,'sm ~ 1,4,) f/.z 

and 1~ = , Oz. 
0 2 ( 1- e.z s1n z ljc) 112 

The 

For 

factor ·, can be determined from 
0 lf 

0 
= 47 , n = l . 000 030 27 

k = 0 . 999 993 70 

equation /11/ . 

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

When projecting the parallel of = 49° , in latitude half 
a second change will occur . It ' s volume : 15 , 35 ms . 

When calcul3-tinp; with the following equation : Az.. == !I· ) d 
A can be 3 . 

3 x 1 . ooo 030 27 = 3 , ooo oqo 81 = 3 - oo - oo , 326 . 
It ' s less , than half a second . 

SUMMARY 

We investigated possibilities of transforming ~SS imagery 
to Gauss - :(rueger system . 'l'he difference between UTM and G- K 
systems will not cause deviations when enlarging the MSS 
imagery . 

The conformal projeg t ion oetween their datum surfaces will 
cause in range of 3 in lat itude 15 ms deviat i on in N- S 
direction and 9 ms in E- W d i rection . 

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