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ABSTRACT:

Colour images change their appearance with increasing flying height: they are affected by an increasing bluish tint. This
phenomenon is primarily the result of Rayleigh scattering. Considerations concerning a correction of the atmospheric effect lead to
the investigation reported herein. The chosen approach originating from the areas of reprographic technique and photographic tone

reproduction. Atmospheric data are not required.

1. INTRODUCTION

Optical images formed with lenses always appear to have less
contrast than the scenes being photographed due to the effect of
flare light. Flare light is non-image-forming light. Atmospheric
flare is dependent upon wavelength and object distance and
varies therefore for different channels of a multi-spectral
camera and for flying height.

This paper presents reviews of photographic and atmospheric
flare, introduces the basic concepts of tone reproduction and
suggests a method for the atmospheric correction for digital
colour images which does not require atmospheric data.

2. PHOTOGRAPHIC FLARE

Flare light is non-image-forming light. It occurs in the image
plane as a uniform veil, provides an approximately uniform
illuminance over the entire image area, increases the illumi-
nance of every point on the camera image and thus results in a
loss of image contrast. Some of the more important factors in-
fluencing the amount of camera flare light are the object char-
acteristics, the lighting conditions, lens and camera design
(causing e.g. single or multiple reflections from the lens sur-
faces, diaphragm, shutter blades and additional interior surfaces
of the camera) and dust and dirt within the camera. Of theses
factors, the first two have the greatest influence.

It will here be assumed that the illuminance E’ for the image
forming light is equals to the luminance L. Flare light can be
specified in various ways: as illuminane ratio

ER = Emax/Emins
as a percentage of the maximum image illuminance
100xE/E x5

as a flare curve for tone reproduction considerations and as a
flare factor (FF):
FF=LR/ER.

The addition of flare light causes the illuminance ratio ER to
always be smaller than the luminance ratio LR.

It is perhaps obvious that the reduction in image contrast is the
result of different percentage increases at the opposite ends of
the illuminance scale; for example, the additional unit of flare
light in the shadows may provide a doubling of the light in that
region, while the additional unit of light in the highlights pre-
sents only a very small percentage of increase. This will be
shown in the following table; object luminances at equal log-
arithmic spacing were chosen in view of a later graphical pres-
entation of the flare factor:

The addition of flare light causes the illuminance ratio ER to
always be smaller than the luminance ratio LR:

LR = Lax/Limin = 1000/ 1 = 1000

The amount of flare light can vary greatly with a  [AlogL|L [%] [Low/LIL+2%  [Ema/EAlogEL+5%  [Epax/E|AlogEJL+10% [Emu/ElAlogE.d
given lens depending upon the distribution of 35T 0.10[1000] 2.10[ 47.6[1.69 | 5.10[ 19.6]1.31 | 10.10] 9.9]1.04
light and dark tones in the scene and the light- 2.8 0.16 2.16 1.67 5.16 1.31 10.16 1.03
ing. When a camera is aimed at an object, the [2.¢6 025 225 1.66 505 1.30 10.25 1.03
object luminances L and therefore the physical [24 0.40 2.40 1.63 5.40 1.29 10.40 1.02
values of light reaching the lens represent the [2.2 0.63 2.63 1.59 5.63 127 | 10.63 1.01
initial image input data. If the luminance of the [2.0 1.00| 100] 3.00| 33.3]1.53 6.00( 16.7[1.24 | 11.00] 9.1]|1.00
lightest diffuse highlight is divided by the lu- |1.8 1.58 3.58 1.45 6.58 1.20 | 11.58 0.98
minance of the darkest shadow with detail, the |1.6 2.51 451 1.35 7.51 1.15 12.51 0.94
resulting value is termed the luminance ratio |14 3.98 5.98 1.23 8.98 1.07 | 13.98 0.90
(LR = Ly/ Linin). 12 [ 631 831 1.09 | 1131 097 | 1631 0.83
1.0 10.00 10] 12.00( 8.3]0.93 15.00| 6.7(0.85 20.00|] 5.0]0.74
The image illuminance E consists of two parts: [0.8 15.85 17.85 0.76 | 20.85 0.70 | 25.85 0.63
image forming light E' and flare light AE: 0.6 | 2512 27.12 0.58 | 30.12 0.54 | 35.12 0.50
E = E+AE. 0.4 39.81 41.81 0.39 4481 0.37 49.81 0.34
0.2 63.10 65.10 0.20 68.10 0.19 73.10 0.18
0.0 100.00 11102.00| 1.0[0.00 1105.00| 1.0{0.00 J110.00] 0.9(0.00
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ERyo, = Epax/Emin = 102.0/2.1 =47.6
ERso, = Epax/Emin = 105.0/5.1 =19.6
ERy¢% = Emax/Emin = 110.0/10.1 =9.9

For L = 0.1x L,,,« one obtains with the data used to derive the
foregoing table
100XAE 50,/Epnax= 2/102=2.0 %
100%AE s50,/Epax= 5/105=4.8%
100XAEgo,/Emax =10/ 110 =9,1 %

The values presented in the foregoing table can also be graph-
ically presented as so-called flare light curves using logarithmic
object-range values as abscissa values and logarithmic image-
range values as ordinate values:

Flare Light Curves
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Flare light can be expressed as a flare factor (FF) which is de-
rived by dividing LR by ER:
FF 2%:LR/ER2% =1000.0/47.6= 21
FF5%:LR/ER5% =1000.0/19.6= 51
FFlO%ZLR/ERIO% =1000.0/ 9.9=101

3. TONE REPRODUCTION CONSIDERATIONS

The tone-reproduction properties of photographic emulsions are
described using the so-called characteristic curve, a presen-
tation of the functional relationship between input illuminance
and the resulting photographic image. If the conditions of
measurement used to obtain the data simulate the conditions of
use well, the characteristic curve provides an excellent descrip-
tion of the tone-rendering properties of photographic emulsions.

When determining the tone-reproduction properties of a photo-
graphic system, there are objective and subjective aspects to be
considered. In the objective phase, measurements of light re-
flected from the object are compared to the measurement of
light reflected or transmitted by the photographic reproduction.
These reflected-light readings (scientifically called luminances)
can be measured accurately with a photoelectric meter having a
relative spectral response equivalent to that of an "average"
human eye. The logarithms of these luminances are then plotted
against reflection or transmission densities in the photographic
reproduction, and the resulting plot is identified as the objective
tone-reproduction curve.

The perception of lightness of a subject or image area corre-
sponds roughly to its luminance; but unlike luminance, light-
ness is not directly measurable. It involves also physiological
and psychological factors. An area of constant luminance can
appear to change in lightness for several reasons, for example
the adaptation to different light levels. A graph showing the
relationship between perceived lightness and measured lumi-
nances would be called a subjective tone-reproduction curve.

A tone-reproduction diagram combines several processes of an
imaging chain, e.g. for a photographic process the subject, the
atmosphere, film exposure and development and the final pho-
tographic image and enables a comparison of the input lumi-
nances to the densities of the photographic image. If objective
tone-reproduction curves are known for the final image, the
different processes can possible modified to achieve that curve;
for example, the contrast of monochrome photography can be
increased by using a suitable cut-off filter for shorter wave-
lengths.

Digital photography uses CCD’s instead of photographic emul-
sions as a recording medium. The response is no longer loga-
rithmic, however the possibility to work with maximum and
minimum luminances remains although the shape of the tone-
reproduction curve is no longer meaningful. One could consider
to convert the digital images to density images first and then
apply tone-reproduction considerations more fully; however,
this has not been done in the course of this investigation.

4. ATMOSPHERIC FLARE

In addition to camera flare, atmospheric flare must also be con-
sidered. It is thought to be caused primarily by Rayleigh scat-
tering,
B= (2m/NAH[n(L)-11%(1+cos?0)
where N is the number of molecules per unit volume, A the
wavelength, n(A) the spectrally dependent refractive index of
the molecules and 0O the angle between the incident and the
scattered flux. For operating heights of interest in photogram-
metry N (which is a function of h) can be considered constant,
hence
B~ 2m/AHn(L)-112(1+cos?0) ~ 1/A%.

Sine n(\) decreases with increasing flying height B is not inde-
pendent of h.

The refractive index of air, minus one, is proportional to the
density of air. At 600nm, the equation for the refractive index
of dry air as a function of air density is:

n; = 1.0 +0.0002763 (5i/5,)

where n; is the refractive index for air of density J;, and §, is the
density of air at sea level. The numerical coefficient will
change slightly for other visible wavelengths.

Assuming availability of the spectral response characteristics
for the four multi-spectral channels, a representative
wavelength can be derived for each channel, for example as
weighted mean value. These values may be as follows:

A, = 47Tnm, A, = 558 nm, A, = 636 nm, A, = 756 nm.
These A yield relative Rayleigh scattering values p ~ 1/A%of
By, =19.3, B, =10.3, B, = 6.1, Bpir = 3.1.

It is seen that the scattering is significantly larger for blue,
causing the known effect of the surface of the Earth becoming
bluer with increasing flying height. This effect has been coun-
teracted in monochrome aerial photography by using yellow
filters.
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5. LUMINANCE RATIO AND FLYING HEIGHT

Digital image data for B, G, R and NIR channels are available
for the same area taken from three different flying heights: hy=
2hg = 4hc. The histogram values are understood to be relatively
scaled illuminance values. The histograms of the partial images
are used to carry out the following calculations. First, the
maximum and minimum illuminances needed to calculate the
illuminance ratios ER; are determined. In order to check on the
effect of noise, thresholds of 5%, 3.5% and 2% of the maxi-
mum and minimum histogram values were tested and that of
5% introduced.

5% | nir | NIR r R g G b B |H[m]
C 279 [2537] 116 | 913 | 208 | 1166 | 213 | 645 | 1500
B | 234 [1755] 118 | 604 [ 238 | 821 | 276 | 528 | 3000

AB | 309 [ 1483 | 135 [ 376 | 281 | 603 | 350 | 485 [ 6000

ERuir ER; ER, ERy
C 9.09 7.87 5.61 3.03
B 5.42 5.12 3.45 1.91
AB 4.80 2.79 2.15 1.39

35% | n N r R g G b B | H[m]
C | 255] 2592 | 109 | 964 | 196 | 1224 | 222 | 677 | 1500
B 326 | 1815 | 113 | 723 | 225 | 944 | 258 | 559 | 3000

AB | 309 | 1483 | 126 | 529 [ 259 | 753 | 325 | 490 | 6000

ERyir ER, ER, ER,

C 10.16 8.84 6.24 3.05

B 5.57 6.40 4.20 2.17

AB 4.80 4.20 2.91 1.51
2% | nir | NIR r R g G b B H [m]
C [236] 2676 | 104 | 1213 | 192 | 1480 | 218 | 848 | 1500

B |292) 1888 | 110 | 806 [216 [ 1039 | 255| 636 | 3000
AB |309| 1483 [ 123 | 613 | 255| 857 |323] 578 | 6000

ERuir ER, ER, ER,
C 11.34 11.66 7.71 3.89
B 6.47 7.33 4.81 2.49
AB 4.80 4.98 3.36 1.79

As atmospheric flare can be expected to be smallest for the NIR
images, an analysis of the NIR data was carried out first aiming
at the derivation of a functional relationship between luminance
ratio LR and flying height h under the initial assumption that
the data are unaffected by flare light AE; hence E,,x = L;,.x and
Epin ® Linin- Since the luminance range proved to be dependent
upon h, it was next attempted to derive a functional
relationships L,,;,=F(h, x),
Lupin =200 h*, x=1/4

and L,,=Lni.tdE with dE=E, ,«-Ein. The values for L, can
be approximated by a straight line. In order to avoid unrea-
sonably large values L, for h approaching zero L,,,, was also
replaced by a straight regression line; see the figure on top of
the following column.

The resulting L., = 2574 and L,,;, = 196 were used to deter-
mine the initial luminance ratio for ground elevation LR, =
13.1. Afterwards, the luminance ratios LR; for the different
flying heights are derived from the two lines representing L,
and L., and the factors LRy/LR; determined. These factors
counteract as multiplication factors the decrease of the lumi-
nance ratio with increasing flying height:

Determination of Ly, and Ly,ax for Ground Elevation

3000
A Lmin
» Lmax
2500 L]
\
-
Z 2000 —
7 —
S . — y =-198,02x + 25739
] R =07416
gwoo — =
E 1000
500
ittt bt b Tt 7?:1933«‘195‘«
0 R =0,9805
0 1 2 3 4 5 6 7
flying height [km]
hlkm] h'* Lonin dL Lnx | LR |LRyYLR
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1.5 1.1067 | 221 2258 2479 11.2 1.17
3 1.3161 | 263 1413 1676 6.4 2.06
6 1.5651 | 313 1174 1487 4.8 2.76

Using the flare light equation with LRy = 13.1 (from the fore-
going table) and L., ~ En.x (see values given in the table of
the 5% histogram threshold values), AE values are calculated
for the three other channels. Using the derived AE one derives:

Luas’ = LRy/LR x dE — AE + E,ip

In order to avoid negative values for L,,,,’, the condition L.’
> Ein Was introduced. Using L.’ one obtains L,,;,” as:

Lmin, = Lmax, - LRO/LR x dE

Assuming that the object characteristics are independent of the
flying height, the L,;,* for the flying heights of 3 and 6 km
were made identical to that for 1.5 km. The L, were changed
accordingly and new LR computed.

The three luminance range values for each colour obtained for
the three flying heights were averaged for the next computa-
tional step: LR= 16.42, LR~ 20.16 and LR,= 413.17. These
values and the L,,,, values from step 1 were then used to com-
pute improved flare light values:

AE = Lypy(1-ER/LRy)/(ER-1)
and new values for L', Liax's Liins Lmax and LR using the
same equations as before.

Histogramms for the original and the recalculated photographs
and a visual comparison do the original and the recalculated
photographs show in particular for the two larger flying heights
a significant colour improvement.

6. SUMMARY AND CONCLUSIONS

After correction, the images from the different flying heights
look similar, showing that the reported approach to "atmos-
pheric" correction works. The process requires additional veri-
fication using different sets of test images which have not yet
become available to us.

The investigation led to a proprietary correction process in sev-

eral stages:

e for all images: The histograms for all partial images are
determined and searched for threshold values, e.g. at 5%
minimum and maximum value, to eliminated unwanted dark
and light extreme values ("noise").

o for NIR images only: the following values are derived from
the histogram values understood as "scaled" luminance
values: L;n, Linax and LR;.
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e for R, G, B images: calculation of "normalized" L,;, and
Lmax~
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