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ABSTRACT: An analytical me,thod to select best oombination 
out ot amultispectra11mage set is presented, starting from 
the spectral signature at a certain class ot the study_ Para
meters establishedaslytioally are then. used in an analogioal 
process using lV1SP-4C multispectral prOdector (made in Carl 
Zeiss Jena - The German Dem()cratic Republic) to obtain the best 
resolution olan involTed spectral olass. 

The MSP-4C multispeotral projeotor made by Carl Zeiss Jens. 
(DDR) is meant for the muiti&pec'tral and/ormul ti temporal ana
lysis of the records taken by MSK 60r MSK 408Du~ras mounted 
on aircrafts and spaoe platforms, or LANDSAT,SPOT eto.reoords. 

The MSP-4C has tour independent projection o,ptioal ohaml81s. 
In this way, almost unlimitedoombinatiolls of simple images, 
colours and prOjection luminosity are possible. 

Every optioalchannel oontains (Figure 1): 
..... A speoial illumination devioe with Q' conoavemirror, a halo
gen lamp (24 '/250 W), two heat absorbtive filters and tour 
condenser lenses; 
- A film holder for plane films wtthd1meBSions up to 70x91 mm, 
with a good hori ze·ntali za tioD an'd with elimination ot New-ton' s 
rings properties; 
- A shutter tor evaryeh1Um.el which does Dotonange the thermio 
equilibrium in the tilmholder; 
- Sevenoelour filterssetted O'ne. ro'n~tte; 
- A panohromatio pro3eotive lens, o.rrected tor aberrations; 
- Electric engine 'Um ts to adjust oontrast, image translation 
and rotation, and soalecorreotion. 

The imaaes supplied by the tour channels are projected on a 
350x455 mm screen, five times enlarged by a mirror, under a 
4.750 projection angle. 

The main purpose of this device is to transform the 11 ttle den
sity ditte-renees (tones ot gray) ot the black and white images 
taken by the six oamera channels (spectral bands) in contraatiIg 
oolour tones into mixed images, using colour and neutral fi1-
tersadequately combined. 

The OlE 19)1 chromatici ty di.agram, on which the areas denoting 
the same oolour name (according to Kelly and Judd) are repre
sented, is well- co:"ere" by the oolour shade areas derived. :from 
an all possible filter combination set. 
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The visual interp;retatioll Gcf tke remete aeDs1D8 DlUltispeotral 
or multitemporal image-s is diffioul t eneugh as .eempared the 
oonventional photographic material illterpre'tation. Besid.'es re
liable proceasingteelmiqueB ,we must know these image inter
pretation requirements very w81l,_d W6mllst have _"great ex
perience on the field works. The main interpretation problem 
requires the speeificinformation contents inmaay imases to be 
combined (extraoted) a.coording to our purpose in order to be 
ea.sily grasped from the mixed image., 

During supervised analysis using MSP-40multispeetral projec
tor, some problems are to be solved, inordertoaYoid subjec
tive factor as much as ))'Clssi-ble. These problems' are: 
1. Selection of the strip set eontainins the'max.lmum informa
tion (Figures 3 at 3 b); 
2. Filter combination selection among MSP-4C available set, so 
that the resulted imagecolaur should emphasize the wanted phe
nomenon as well as possible (:Figures 4, 5). 

So, to get the best oo~our composite in three»ands, it ~s ne
oessary to seleot the best one out of 20 po:ssib11ities (O~,). 
Eaoh bandoan have any colour, so we'll have )276 different po. 
sibilities for imaseeolour presentation. 

Considering the three dimensional space detinedby aByspeetra1. 
band triplet, the associated varianoe-covariance matrix define 
an ellipsoid, in this space. In this case, only the oomputation 
and the ordering of the determinen ts which eorrewpand. to every 
.3 x ) main submatrix from 11 varianoe-covarianoe matrix are re
quired. Than, the band triplets associated with thea. determi
nantswill be deereas1ngl,erdered depending en the informa
tion content. This method, propoan~4 by Sheffield in 1,85 has a 
great advantage. the elimination of tbe possibility t-o choose 
a spectral 'band triplet eloselyoorrelated. The logical scheme 
of the computational programnte whioh oan solve" the above pro
blem can be found in the Apendix: (Figure ) .. 

The second great pro'b1el1 reffers to the set of best :til ter oom
bination chosen from the deviceis set of filterato: 
.... emphasi ze the Cl.'88 o't intere:s,tfor a maximum colour contrast; 
.... have the possibility to obtain again the same colour image, 
at a new analysis; 
- reduce the human operator's subjective factor. 

The available inputs are: 
- selected multispectral photographioal reeords usina the maxi
mum volume ellipsoid. method; 
- speotral signature of the involved classes (tha.t is gray tone 
intervals of these classes in each image); 
.... the device optical charaoteristics: 

- the speo'tral radiatien distribution of the souroes; 
- the colour filter transmi ttanoe ourves; 
- the neutral f11 tar trs.nsmi ttanoe curves and the heat 

filter ourves. 

The chosen set of filters should provide, within a metric ohro
matic space, the maximum distanoe between the colours (a maxi-
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mum difference of oolour1n8, respectively). In this case, it is 
better teoc:u'lsii'er oolours in OlE 1916 (L: u-: v*) th'ree dimen
sional space. 

The oolour differenoe will be: 
1 

~E ::: [(AL*)2 + (Ll.u*t· + (~v *)2J2 
The first term represents the paychometr1oIigktBes8 difference: 

L* = 116 ( 'r/Yn)"1- 16 (1) 
and the other two terms represent OlE 1976 psychemetrio ohro
matioity difference 

u * = 13 L * ( u' - u ~ ) ~ v*"= 13 L * ( v' - VO
l

) 

where: 
I 4x . 

ll. = . x + 15 y ... 3Z 1 

I 9 '( 
v = X+15Y+3Z 

and un, v~are oomputed in a similar way, using Xn.' Yn , Za 
whioh oorresl)'ond to the souroe. 

(2) 

(3) 

X,Y.Z are three stimulus values of theeo'l1sidered oolour and 
are g1 ven by the following expressions: 

X:::K5 ().)X(.\)d,,\ 
A (4) 

Y:K) c(A)y<.x)d A 
~ 

Z=KS t().)z(A)dA _ _ _ A 

X, 7, z represent three stimulus speotral values. 
The colour stimulus funotion: ().) ::: .S(A) "b ( A) 
The transmittuoe: 

~fc :=: 

Gfn
l';{t. == 
~t~· 

"G :. 0fc . '?;fn . 1?ft. . ~t~ 
the colour filter spectraltr8l1SRlittance' .trom MBP-40 
the neu traltil tel" sp aot ral traDsmi t te.ncnJ from·' MSP-4C 
the heat abs·erbtien til ter spectral traasmi ttance 
the filmtransmi ttance in the area (or areas) of the 
considered olass. 

7" :. (1 _ t...he level of gray) 
ot~ 255 

s().) == the spectral power distribution ot theillUJIinating 
souroe. 

The K ,constant :: ( ! 100 
) S(A)~().)dA 

projeotor's/ A 

Beoause en the aultisp,etral display we receive the light from 
three ohamle1s, i t rewl ts : 

)< :: ~ ~. S ( A) L c; ~ ( A) + (,2. ( A) +(;3 ( A) 1 x (A) d A 
~ 

y:: ~. S S(A)[ 0-.().)+D2().)+63 (>')] 9 (A)d). 
;.. 

z=1 }S(>')[~1()')+l;2(A)+D3(A)]Z(A)dA 
A 
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Y n :: J } S (A) . 3 • ~ (A) d A 
}. 

Zn"~) S(>.)·3·z(>,)dA 
).. 

For a oertainset of filter the algorithm takes into conside
ration the computation of the X,Y.Z three stimulus and ot the 
L *, u *, v* for the considered class and for the whole remain
der image is made from 5 to 5 mm. 

Finally, the COLOUIi subroutine oomputes L1E* (the average dis
tance betwwen oolours in eIE 1976 (L -%-, u *, v~) metric spaoe, 
from the class of interest to the remainder image. 

As the general algorithm computes all oolouring possibilities, 
it is necessary to eliminate those combinations which do not 
give significant distances in the considered metric space. 

Further on, the average distances are computed for the rest of 
filter sets, and these are decreasingly ordered, the maximum 
value giving the best filter combination. 

The method is :not yet implemented and experimentei, that's 
why the results are not presented here. Because this problem 
is analytically treated, we expect an improvement of the pro
cessing resolution for the multispectral and multi temporal 
images given by the remote sensing reoords. 

, , 'Ii> 

RESUME: A partir de la. signature spectrale d'une certains 
classe impliqu' dans l'etude, on presenteune methode analy
tique de choixde ls. combinaiaon optimale d'un set a'images 
Diul tispeotrales.. Les parametres determines allalytiquement 
sont puis utilises dans un processus ana10gique qui utilise 
Ie projecteur multispectral MSP-4C (production VEE CarlaZeisa 
Jens - RDA) pour obtenir une resolution maximale da ls classe 
apectrsle implique. 

ZUSAIlMENFASSUNG: Auf Grund del' spektralen Antwart einer gewi&
sen studierten KIssea, wird aine analytisohe Methode fUr die 
Auswahl der optimalen Kombination aus einem Satz multispektra
ler Bilder, beschrieben. Die ana1.7tisoh bestimmten Parameter 
werden dann in einem analytisohen Prozess t unter Anwendung des 
Multispektralprojektors lVISP-4C (vom VEE Carl Zeiss Jens. - DDR) 
zur Erzielung einer maximalen Auf16sung far die betreftende 
spektrale Klasse, verwendet. 
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THE OPTICAL CONFIGURATION OF MULTISPECTRAL mOJECTORMSP.4C 
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THE POSITION OF THE COLOUR FILTERS IN THE (IE 1931 

CHROMATICITG DIAGRAM AND THE AREE OF POSSIBLE COLOURS 

DEFINED BY THESE 
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THE SELECTION OF THE BEST TRIPlET a= CHAtH:LS 

The number of channels 

Fig.3a 

0, =M(i,i).(M(j,j)" M(k,k) - HU,k) 
02=MO,j). (Mlj,k) .. MU,k) - M(i,j) ... M(k,k) 
03'= M(i,k) .. (MU, j ) * M (j,k) - M (i,k) .. MCj,j ) 

Rec)= 0, +02+03 
Qle)= 'OO*i+10*'+k 
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Fig.3b 

y 

x:::R(j) 
R(j)::: R(j ... 1) 
RU ... 1) =x 

x=Q(j) 
Q(j)::Q(j+1 ) 

Q(j+1):::x 
int:::1 
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Fig.4 

AN ALGORITHM FOR THE BEST SET OF FILTERS DETERMINATION 

SO THAT THE COLOR (ONTRAST BETWEEN THE CLASS OF INTEREST 
AND THE REMAINDER IMAGE TO BE MAXIMUM 

START 

The. algori thm for the elimination 
of the se ts of fit ters wh i ch 

c: edainly will not generate 
signifi c: ant dis tanc:es in the 
CIELUV safe 

v = The index of the set of filters 

COL 0 U R 

0.8 

y N 

The greatest~E~\V) 
determina tion 

Channl.\ 1 ::. Colour filter .................. . 
Nt.utral filter ................... . 

Channel2 = Colour fitter .................. . 
Neutral fil ter ...... , ......... . 

(hannel3 =- Colour filter ............. .. 
Neutral fll te r· ........... . 

STOP 
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AN COMPUTATIONEL ALGORITHM FOR THE MEAN DISTANCE 
BETWEEN THE CLASS OF INTEREST AND THE OTHERS CLASSES, 
IN THE CI ELUV S PAC E (THE COLOR SUBROUTINE) 

K= K~ 1 

K=The index of the dass 

The X,Y,Z. tristimulus and 

L~u~v~ computation and their 

storing for the K dass 

. A L*: L *(K) - L * ( 1 ) 
,Au*'= u*(K) - u*( 1) 
AV*= v*tK) - v~(1 ) .1; 
AE K) = [(Al*i\(AU*J2+(AVi.t)~ 2 

N=The total num her of classes y N 

Fig.S 
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