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Abstract

The light scattering within the camera system,
and film emulsion and diffraction on stops and fil-
ters creates the effects of bloom and corona with
radial streaks of light around high intensity ob-
jects. In the proposed digital filters, we take into
account known physical effects in simulation of
camera bloom and corona for realistic image syn-
thesis. Our method is applied to the image with
correctly calculated luminance values, so we re-
produce the photo camera glare in a physically
correct manner.

1 Introduction

The limited range of CRT's prevents the display of
luminaires at their actual luminance values. Tak-
ing into account the refraction, diffraction and
specular distributions will create the blooming
and coronas around the luminaires. The movie
production often uses the special lenses to create
effects around lights or explosions. First models
used in digital image synthesis to add glare effects
were proposed by Nakamae et al. [5] and improved
by Rokita [6]. They have used the Egs. 1,2 from
next section as kernels in convolution image filter-
ing. Vos [8] defined a point spread function that
describes the redistribution of point source energy
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onto the visual field of a human eye. The physi-
cal mechanisms and physiological causes of glare
in human vision were studied by Spencer [4]. The
above works focus mostly on human perception
and do not account for visual masking effects of
glare. Physical properties on camera image forma-
tion system was studied in astronomy for film cali-
bration purposes. The first definition of analytical
kernel and the effect of camera bloom on emulsion
grain was investigated by astronomers [7].

Our approach has been to model the physical ef-
fects caused by the camera optical system and the
film emulsion for computer animation purposes.
We will derive the digital filters for bloom and
corona camera effects using the known physical
equations. Our focus is in digital simulation of op-
tical filter or single camera stop effects for artists,
architects and urban designers used to emphasize
the light scenes of the virtual buildings. Since
our rendered images consist of physically correct
scalar luminance values we can reproduce the cor-
rect camera effects.

2 Camera physical effects

Let us consider a simplified optical formation sys-
tem consisting of optical filter, lens and projec-
tion plane positioned along the z coordinate axis
while projection plane is coincident with zy plane
as shown in Fig. 1. Among the rays reaching the
surface of the diaphragm only the rays passing
through a diaphragm arrive at its focal plane or
film plate.
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Figure 1: Camera image formation system.

2.1 Diffraction due to single diaphragm

All parallel beams passing through the lens are
focused on a single point of the plane placed at
the focal distance from the lens. A single small
hole also called diaphragm placed before the lens
creates the diffraction pattern at the projection
plane which is the same pattern regardless of the
location of the hole. If the diameter of hole is e,
then it can be replaced by a slit with width e.

If rays with wavelength A\ pass through the slit
with width e , they deviate from the direct path
about and angle 6. The intensity, I, in the diffrac-
tion pattern depends on angle € as follows [2]:

sin? o

1,(0) = I

; (1)

where I is the light intensity for # = 0, and

o

e .
o = m—sinf.
A

Note that the above equation describes the fact
that the smaller is the slit width, the larger will
be the diffraction pattern. The same is true for a
hole.

2.2 Multiple holes of the same size

For many small holes distributed randomly, the
diffraction pattern on the focal plane will be given
by superposition of diffraction patterns coming
from all particular holes. The problem of N reg-
ularly distributed holes with radius e and spacing
d can be again replaced by a set of N parallel slits
with width e and slit spacing d. The intensity,
I,,, in the diffraction pattern given by multiple
slits depends on deviation angle 0 as follows:
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where I is the light intensity for # = 0, and
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Note, that if the slit spacing is irregular and the
number of slits is big, then f ~ N, and the diffrac-
tion pattern is given by

In,(0) = N1I(6).

Therefore, the N holes of the same size and shape,
will produce the diffraction pattern of a single hole
amplified N times.

2.3 Diffraction on a slit network

The slit networks produce the corona diffraction
pattern. Generally, the slit forming even sided
polygon gives the star diffraction pattern with the
same number of rays, unlike the slit forming odd
sided polygon network which gives the star pat-
tern with double number of rays as sides of poly-
gon. Many camera filters available on the mar-
ket produce corona patterns having the conver-
gent rays with that same length. An example of a
photo shot with rectangular slit network is shown
in Figure 2 top.

2.4 Diffraction on camera stop

Camera stop is a hole with polygonal shape con-
trolling the amount of light coming to the surface
of the film. It is possible to produce the corona
and bloom effect with a simple camera without
any filter just by setting the stop and expose time.
The real photograph of a scene shot during the day
is shown in Figure 2 bottom. The Babinet’s law
claims that a hole of the same shape is always giv-
ing the same diffraction pattern. As a result we
should see the same pattern for given camera set-
tings. Number of rays in corona pattern produced
by a hole obeys the similar rule as the slit network.
For example, the triangular hole will always give a
diffraction pattern the star with six rays, a square
hole will give the star with four rays, ... [3]. The
stop on camera objective used to shoot the photo
had seven sided diaphragm, which explains why



we see 14 rays in corona. Investigating the Fig. 2
bottom further one can see that the rays have the
random length and are divergent.

Figure 2: Real photographs: left) shot with a fil-
ter having the triangular grid of scratches rightm)
shot with an objective having the 7 sided stop.

2.5 Camera Bloom

This effect is attributed to the scattering of light
in the optical system where the scatter contribu-
tions from lens and small particles within the film
emulsion occur in roughly equal portions. Multi-
ple scattering within the emulsion will occur from
grain to grain until it is absorbed or leaves the
emulsion. Figure 3 illustrates the situation when
scattered light inside the camera is added to the
light coming from object B. As result, the object
B is blurred and its contrast decreases.

Figure 3: Camera bloom that results in reduction
in contrast from scattered light.

3 Model of camera bloom and
corona

This section will derive the equations that can
be used to generate the digital image filters for
bloom and corona camera effects. Derived filters
based on known physical equations have parame-
ters with intuitive physical meaning and can cre-
ate wide range of camera effects.

Vos [8] defined a density function on the visual
field that describes how a unit volume point source
is “spread” onto other points of the visual field.
The density function, P(0), defined on the hemi-
sphere of directions entering the camera is called
the point spread function (PSF)and has the fol-
lowing form

L
f(6)°

where §(0) is a delta function representing an ideal
PSF with all energy in one point, a is the fraction
of light that is not scattered, 6 is the angle from
the gaze direction, k is a constant between 3 and
50, and f(6) is function of 0" with n € (1.5,3).
Any PSF P is nonnegative and must satisfy the
normalization condition on the hemisphere of di-
rections entering the camera, where ¢ is the angle
around the gaze direction and 6 is the angle from
he gaze direction measured in radians. Thus the
function P conserves the energy in other words
the energy is redistributed but not emitted or ab-
sorbed:

P(0) = ad(6) +

2 rZ
/ / > P(6) sin 0d0dg = 1.
0 0

3.1 Alternative PSF definition

PSF is a nonnegative function defined in polar co-
ordinates

P(r,¢) = (1L =€)d(r) +ef(r, 9), (5)

satisfying the normalization condition of unique
volume integral in polar coordinates:

/027T /OOO P(r,¢)rdrdp = 1.

In above equations §(r) is a delta function, r is
a distance from the center of PSF located at the



gaze direction, ¢ is the angle around the gaze di-
rection in radians, € defines a fraction of light that
is spread to neighboring points of camera visual
field, f(r, ¢) is a function that determines the cam-
era effect namely bloom or corona.

3.2 Adding the Bloom

It is now desirable to find a simple general analyt-
ical formula which quantitatively represents the
observed bloom spread profile. Such a function
f(ry@) = fo(r,#) in PSF definition, Eq. 5, is

£
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where parameter R ~ 30 — 120pum controls the
filter width, and 8 ~ 3 — 5 is a constant. Af-
ter substitution of Eq. 6 in to the PSF definition,
Eq. 5 we derive the extension of Moffat kernel [7]
which is obtained for ¢ = 1 by enhancing the en-
ergy for nearly orthogonal incident rays. For ¢ = 0
all light energy is concentrated in one single point
and there is no bloom effect.

3.3 Adding the Corona

The corona effect that can simulate the random-
ness in the length, width and intensity fade out of
corona rays is proposed to be f(r,¢) = fc(r, ¢) in
Eq. 5 as follows:

k
felr, @) = Cllr) cos(S0, ()
where C is a normalization constant, & is the num-
ber of rays in visible corona. The fadeout effect of
rays and their length in corona is suggested to be

I(r) =

where the mean ray length [ is defined by the user
and o controls the intensity fadeout along the ray.
To simulate more realistic effects namely random
length of rays in corona, [ can be considered as a
statistical variable with a given mean and devia-
tion. In our implementations the deviation is 25%
of the mean, which produce the reasonable camera
spot effects.

Let w be a ray width and s be a parameter defin-
ing the convergence and divergence angle of corona

eftrr/l’

rays. Function n(r) that determines whether the
corona ray width converges or diverges is proposed
as follows

C—
= In(cosw)’
where
_ 1 s—1
w=(5)

The width of rays is constant for s = 0, alterna-
tively it will converge and diverge for s < 0 and
s > 0, respectively. Thin and long rays can be
used to simulate the corona effects of optical fil-
ters while the long and divergent rays are good for
simulation of corona effects produce by the camera
stop.

3.4 Implementation

The above PSFs are applied as a postprocessing
to the image I(z,y) of luminance distributions in
cd/m?. The Cartesian coordinates (z,y) are the
discrete image coordinates i.e. pixels. The modi-
fied luminance intensities I'(z,y) of the image are
then calculated by the standard discrete convolu-
tion method

I,(H?,y) = Z I(l‘g,yo) * K(I —Z0,Y _yO)a

Z0,Y0

where K (x,y) is the filter kernel derived from PDF
by transforming it from polar coordinates to the
Cartesian coordinate system:

K(z,y) = P(y/a? + y?,tan™(

The normalization coefficient in the above PDFs
can be calculated analytically or if it is not pos-
sible they can be approximated in discrete Carte-
sian space by using the normalization condition

Z K(z,y) = 1.
.,y
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The filters are independent of a particular image
and their size is determined relative to the image
width and height. Note that the filter is applied at
each of bright points whose luminance is greater
than the threshold value.



Figure 4: Camera bloom: left) the filter profile center) the scene without any effects right) the scene

luminaries enhanced by a bloom effect.

4 Results and Discussion

Since, it is possible to control the spreading frac-
tion of energy independently from decay rate in
Eq. 6, the PSF can have a uniform delta peak in
the center with energy at large distance from cen-
ter. The filter shape with parameters ¢ = 0.005,
B =2 and R = 10.4 pixels is demonstrated in the
left of Figure 4. The bloom effect using the same
parameters is shown in right of Figure 4. Central
image in Figure 4 shows the scene with original
luminaries.

Figure 5 shows the simulation of camera effect
on the stop with 7 sides resulting in 14 rays. On
the left image of Figure 5 we show the corona
filter profile using the parameter ¢ = 0.005, the
ray length is set to [ = 15.6, the number of rays
is k = 14, and the divergence parameter is s =
1. Central figure shows the scene that was post-
processed by the PSF using the same parameter
set, the right figure shows the composition of both
the corona and bloom effects.

Different camera coronas can be produced by
On Figure 6
from left first image uses convergent rays with pa-
rameters s = —1, w = 10; next image simulates
the effects produced by an optical filter using the
constat width rays s = 0, w = 3; the third image
uses s = 0.5 w = 3 and divergent rays are shown
on the last image for s = 1, w = 3. The length of
ray used was approximately [ = 80 pixels and the
random factor was omitted in this figure.

width and divergence parameters.

5 Conclusion

We have presented the mechanisms generally ac-
cepted by the film and camera community that
are responsible for a corona and bloom effects in
the camera image formation system. We have fo-
cused namely on scattering in the optical filter,
lens, stop and film emulsion.

We have proposed the point spread function
that can be converted into the digital filter to add
the bloom effect to the image simulating the scat-
tering within the film emulsion. Similarly the PSF
simulating the both the divergent and convergent
effects of corona was proposed. The performed
experiments indicates that the camera effects im-
prove the image perception and can be calculated
in a reasonable time of up to 1 minute. The scalar
luminance images were used in our examples.
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Figure 5: Camera corona: left) the filter profile center) the scene with only corona effect applied on
luminaries right) the scene luminaries are enhanced by both corona and bloom effects.
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