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The multispectral photography of the earth surface provides for useful infor
mation both to science and practice and is applied in remote aero- and
space sensing. The mudtizonal camera MKF-6 was elaborated for this pur-
pose. The separation of the spectral ranges in it is effected through spe-
cially designed interference filters (IF) combined with coloured glasses. They
are of steep slopes and large Iluminous transmittance. Imagery of objects stud-
ied with the MKF-6 is rectangular, The long side of the frame corresponds
to an angle of sight 26.=36° and the short side — fo 20,=25° [2]. It is as-
sumed that such an angle of taking the image does not affect significantly the
spectral brighiness, related to the increase of the angle & between the vertical
and the picture direction {1]. The changes resulting from the fact {hat IF operate
with refatively targe light bcams are not yet evaluated. We assume that such
an evalustion should be performed. Therefore, we are looking for the IF ef-
fects on the framc iinage in a given spectral range using data from previous
studies of other IF. This is based on the similarity between the angle charac-
teristics of the IF of common principle of operation. The spectral coefficient
of IF transmission is described by the function [3] .
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with the following denominations: A -~ wavelength in vacuum; © — slope of
falling light; n — refraction index of the filter intermediate layer; # — thick-
ness of the same layer; ¢ — phase shift; A — light losses from the filter
reflective cover; R — cover reflective capacity and F:(-:_—Rm-,.
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Both the wave length &, for which t-=max and the semiwidth A) of the trans-
inission band and the value of maximal transmission, are functions of the heam
slope 0. Thercfore, the IF effects on imagery would be revealed in two direc-
tions:

ay redistribution of illumination F(B8) on the frame;

b) spectral range shift in which the object brightness is studied.

The illumination at one frame point at a distance r from its centre
{r-=ftg8, where f is the objective focal distance) may be represented as

) E (6) = o(8) f BOYre(Ndh,

where @{6) is the specific function of a given optical instrument showing the
light distribution along the field of sight; B(X) is the spectral brightness of the
studied object; 1o{A) — spectral coefficient of IF transmission in the case of paral-
lel light beam at angle 8. At equal exposure time, the negative density is de-
fined from L(B) at a given point, Therefore, the IF effect is expressed through
the function O4(A), We have examined the experimental data for 14(k) of seve-
ral II* [4]. It was defined there that ihe dependence (8} for 0=00° is well
appreximated with the function cos(k@), where & is a constant typical for a
particular filter. For the samples studied 2~ 1.15—2,65. The semiwidth AL
of the curves 7o(A) slightly increases with the 8 slope increase differently
from 1,

Let us examine two boundary cases determined by the function B(A)
type:
1) the brightness of the object B(L) slightly changes within the resolution
range of a given IF. A(0) and Ay(0) limit this range for a given 8. According
to the theorem for the average values, from (4) we have

Ax{0)
) E@=90)Bo%) [ tu(h)dh=o(0)Bs (H(®)
A9
From the function [(8) with which we have denominated
FLH
®) HOY= [ (i
#1(8)

and which may be considered as integral IF {ransmission for slope 9, the re-
distribution of energy over the frame is determined. The determination of the
dependence of the integral IF transmission on the incident light angle is a very
interesting fact in itself. It can bhe performed in different ways, for example
through measurement of the light energy transmitted by the IF for varicus 6
with nonselective receiver of given sensitivity or by calculating the integral
1{0). We shall examine the second case, as the calculation of 7,(8) is perform-
ed through geometric calculation of areas sutrounded by the experimental
curves To(A) available. For the areas S(8) under the curves ts(R) the results
presented in Table ! were obtained. The maximum relative area variation un-
der the curves 7(A} for the two IF (i. e. of /,{8)) is 3.3and 1.59/, respective-
ly. Therefore, we may consider with sufficiently good approximation that the
integral trangmittance of IF is constant by 6. '

{7 l; (@) =const =1.
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Table i

. P ()
Filter | iy 0 i 10 ‘ 15 20 S Jmaxe %
1 58 405 425 411 412 3.3
2 S54(0) 471 475 478 472 1.5
Table 2
an ‘ r, mm ‘ Bt AW ‘ A}, nm
0 0 480 540 600 660 720 840 40 100
5 11.5 478 538 599 659 719 839 40.6 101.5
i0 20,0 477 536 596 6568 715 834 42.6 106.5
15 33.5 473 532 891 850 709 /27 48,2 115.5
i8 4G.5 470 528 587 846 705 822 49.5 123.6

This means that IF would not introduce additional redistribution of energy on
the frame, In the case where the spectral characteristic of the object slightly
changes within the operation range of IF, its effect is experssed by the cons-
tant /, i. e. quantitatively the filter weakens the light energy passed through
it equally for all waves rcgardless of the angle of their propagation. In ad-
dition, the IF changes the spectral rangeinwhich the averaging of the measur-
ed brightness Be(A) is performed in dependence on the slope 8. Let us
assume that the IF of the MKF-6 camera have k=2 and accep* the following
appproximation (which often happens in practice) — that the tp(A) are I1-shap-
ed curves whose width equals the semiwidth Al for the slope 0, and the
height is equal to the maximal transmittance for the same slope. Then, it fol-
lows from {6) and (7)

Aty
®) | w0)dh =, (@820) =7, 0A1(0)
La(8)

as t,{0) and AMO} are data from the filter passport. In addition, if we con-
sider (3), we shall have an approximate picture of the variation inthe spectral
ranges introduced by the IF at different points of the MKF-6 frame. The
results from thcse approximeie calculations are given in Table 2 and plotted in
Fig. 1, where the operation ranges of the MKF-6 camera are presented
fogether with their shift in dependence of the distance ~
2) The brightness largely varies within the range of A;(8)—2,(08). We
shall consider the boundary case for such large variation, where B(A)} changes
in steps
B, A=k,
B09= {5, ron,
Let A, £[A(8), Ay(8)] for some of the filters, The illumination distribution over

the frame from (4) is

Ao

(9 E{8)=¢(0)B f to{A)dh
Ral@)
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The IF effect on the illumination distributions in this case is defined by the
term
Ae
L{0)= f (M)
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Fig, 1

and can casily be calculated if we consider again the IF characteristics as
[1-shaped, with reference to {7} then we have

' 5B =14(0) [A,—1e(0)],
hg is the left end of the Il-shaped characteristic.

Ap=An(8)— 5 AN(B)

o(8) = (0% 05 (£8) — O (0) cos (8) | 12050 + L. 2, O)AR(D) =
T sinZ®

=ac0s (49)—b cos (1) § 1—Ta0 4,

where
a= }‘cTﬂJ(O)’
b= Tm(o))"m(o)’

£= 5 T{O)AMO).

B, A==3,

£

0, A<, 2 AEDU(O) (B)],

Similarly, it B= {

sin? 8

L8y = —a cos {k8) + b cos (&0) JI— 45 e

Let a diffusively reflecting object (which often occurs it nature) with a step-
like spectral characteristic fill up the entire field of sight of the MKF-6 object-
ive. Then, in dependenceon the values of A,, we shall obtain different pictures,

a) A.<<Ay(0). Such an object would not be centered in the frame. It could
be seen for distances greater than » for which A,=i8), r=Ftg0, and with
the increase of » the negative density will augment gradually. The frame would
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Table 3

Parameters Channel 2 Channel 3
r, mm 43 126 182 21.I' 27 43 9.4 126 2L1 27
d{r} 1.00 £96 092 (83 086 1.00 057 085 093 096

look as if two objects were photographed: one round shape, which does not
emit within the filter range, and the second surrounding the first one with
brightness gradually increasing in radial direction.

b) let A, be close to A,(0) and the spectral brighiness of the object fil-
ling up the objective ficld of sight be of the second type, i.e, limited from
below. Such an object would appear on the frame as two objects: one in the
centrc with decreasing brightness and around # another one with zero spectral
brightness in this range. -

Thus the effect of IF over the frame image is the stronger the less smooth
the spectral characteristic of the studied object is. For exampie, the spectral cha-
racteristic of grass permits to foliow the decrease of its spectral brightness with
the increase of the distance r from the frame centre for the 2nd and 5th channel
of the MKF-6 camera for A =540 and A =720 nm, respectively. For the purpose,
the densities of negatives representing grass{Dy) and white tissue (D) are measur-
ed with microdensity meter at different places of the frame. Pictures are taken
with the MKF-8 camera on board the airplane laboratory AN-30 over a re-
search field in Bulgaria. For the white tissue we obtain from (5) and (7)

(10) D(8) ~ E (8} = o(8)B,,]. Byf=const
and for the grass we obiain from (5} and {10}

) D(6) ~ E1(8)= 6(8)d(8) ~ Dd(8)
or as

f=arctg (r/f),
D{ry ~ Dy(rd(r),

from where we obtain the function d(#) normalized by its maximum value
(Table 3). With the increase of r the value of 4(r) decreases due to spectral
range shift, where the measured spectral brightness is averaged. This illustrates
the effect of IF.

What type of practical conctusions may be drawn from this study. Cer-
tainly to the end of the framc the spectral range shifts to shorter wavelengths
and expands. This effect is larger for the long-wave channels. The graphical
presentation of this shift is sufficiently clear. [t is seen that changes introduc-
ed by IF can be entirely neglected in the frame centre. The size of their
area is specific for the instrument applying the IF and depend on the charac-
teristics of the filters themselves. For the examined case, the 1F do not change
the picture in a circle with radius of about 22 mm centrally located (0=10°).
The approximate calculations performed may be considered as a pattern of
evaluating the effect of IF used in the multispectral photographic images ob-
tained and also in designing instruments similar fo the MKF-6 camera.
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Bansnue naTephepeHLMOHHBIX (DUILTPOB HA [OAYIACMELL
C UX TIOMOUIBKD MHOTOCIEKTPATBHBIE H300paeHus

H. H. Muwes, K. Il. Bacaiosa

{(Pcawome)

B nanmoit paSore paccMaTpuBasTCs BJAMSIHUE HHTEP(EPEHIKOHHLIX (DHALTPOB HA
MHOTOCNEKTPaMbHLIE H300paxends, noaydennsie kamepoii MK®-6, [Toxasano, uto
BJHSHKE OPOABAIETCH B CMEICHUY CIEHTPRAABHLIX JHAOAI0HCB paﬁOTbI KHMQ}TJLI
C yBe/MYEHHEM DACCTOHHMA # OT HEHTPA K Kpaic NOJAK H3ofpamennd. B xauecise
IpyMepa PacCMOTPEeno  yMEHBUICHHE CHEKTPaAbHOH SAPKOCTH  ONpelAeseHHOro
o0beKTa (olepHHa) K KpPalo xaapa Jas Broporo {A==540 nm) u maroro
{(A=720 nm) xasaa0B MHOTOCHEKTPaARHON (oToxamepsl MK®-6.
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