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Realizing variable contrast technique in MRC
measuring target using integrating sphere
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In order to realize variable contrast in the minimum resolvable contrast (MRC) measuring target in the
visible imaging system, a novel technique is presented, which adopts two integrating spheres to illuminate
two sides of target respectively and the different contrasts can be achieved by regulating the luminance
in two integrating spheres. This technique can make the contrast be regulated more conveniently. Based
on this technique, the MRC measuring device is developed. This device can be used in all kinds of trial

fields. The expanded uncertainty of measuring MRC is less than 3%.

OCIS codes: 120.4820, 220.4830, 350.7420.

The modulation transfer function (MTF) is widely used
to evaluate the imaging quality in the modern optical
imaging system, but the MTF deals strictly with the
spatial resolution and has traditionally been a labora-
tory test because of its rigorous mathematical roots!!.
Another merit of evaluating the imaging quality is in-
troduced to the visible imaging system, that is the min-
imum resolvable contrast (MRC) which is equivalent to
the minimum resolvable temperature difference (MRTD)
for infrared imaging systems[®>3]. MRC describes the res-
olution of a system in the presence of noise and the MRC
measurement can be carried out in all kinds of trial fields
because MRC data is generally easier to be got under less
controlled conditions.

In order to measure MRC, standard periodic four-bar
patterns with different contrasts are presented. The ob-
server using the imaging systems for test can resolve the
bars when he adjusts the luminance contrast to the lowest
value. This value is the MRC which we want to measure.
Usually the contrasts of the target are limited and fixed
on the MRC measuring target. In this article, a novel
technique for realizing variable contrast is presented.

Several groups of bar patterns with different spatial
frequencies are used in the target for the MRC measure-
ment. In order to obtain the different contrasts of each
group of pattern, two lighting systems are adopted to
uniformly illuminate the face and back of the target re-
spectively. The face luminance is the target luminance
and the back one is the background luminance. The con-
trast is defined as the ratio of the target luminance to the
background luminance. Each luminance can be adjusted

separately by the corresponding optical system. Based
on the above technique, the patterns with different con-
trasts in certain spatial frequency are achieved more con-
veniently. According to this idea, the schematic diagram
can be designed to realize the variable contrast in MRC
measuring target as shown in Fig. 1.

The optical lighting system in Fig. 1 is achieved by the
integrating sphere. An integrating sphere is a hollow
sphere whose inner surface is coated with an approxi-
mately Lambertian reflector (such as magnesia, barium
sulfate, etc.). The scheme of the integrating sphere is il-
lustrated in Fig. 2. Suppose ¢ is the total luminous flux
of the beam which injects into the sphere, S3 is the area of
the inner surface of the sphere illuminated by the beam.
Diffuse reflection of the beam takes place for many times
on the inner surface. The illuminance of any point M on
the inner surface can be deduced and represented as?]
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where p is the diffuse reflection coefficient, R is the cur-
vature radius of the wall of the sphere, f is the opening
ratio, which is defined as

F=2, 2)
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where s; is the total inner area of the sphere, s is the
opening area of the sphere.
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Fig. 1. Schematic diagram for realizing variable contrast.

1671-7694,/2004/090526-02

http://www.col.org.cn



September 10, 2004 / Vol. 2, No. 9 / CHINESE OPTICS LETTERS 527

Fig. 2. Scheme of the integrating sphere.
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Fig. 3. Optical scheme for realizing variable contrast.

Equation (1) shows that the illuminance of any point
of the inner sphere is proportional to the total luminance
flux falling onto the sphere. So the integrating sphere
can be used to carry out the uniform illumination.

According to the principle of the integrating sphere
and the above design idea, the optical scheme is pro-
posed to realize the variable contrasts measurement in
MRC measuring target and shown in Fig. 3.

Because the MRC measurement is in visible region,
the metal tungsten-halogen lamp with high stabilization
is chosen as the light source. In order to improve the
accuracy of the MRC measurement, the lamp is supplied
by the large current source with high stabilization. The
beam which the lamp sends out is collimated by the lens
and arrives at the semi-transmitting mirror through the
filter. The reflected light goes through the attenuator
and falls into the integrating sphere S; whose diameter
is 150 mm; the diameter of the right opening of S; is
25 mm; P, is a light baffle whose function is to prevent
the light of the first radiation from directly reflecting
to the exit; Dy is a photoelectric detector; Sy is another
integrating sphere whose spherical diameter is 200 mm.
S2 has the same structure as S;. So has two openings.
The left opening, whose diameter is also 25 mm, coin-
cides with the opening of S; and the two spheres are
very close to each other. A target wheel is inserted be-
tween them. There are several patterns for measuring
MRC in this wheel. The diameter of the right open-
ing of S2 is 50 mm. P, is a light baffle too. Ds is
another detector. The inner surfaces of two integrating
spheres are coated with barium sulfate. Two surfaces of
the target are also coated with barium sulfate so that

Table 1. Experimental Data of MRC of
CCD Camera

Spatial Frequency MRC
(cycle/mm) No.l No.2 No.3 No4
0.500 1.007 1.006 1.007 1.003
0.625 1.015 1.013 1.017 1.018
0.833 1.044 1.060 1.058 1.057
1.250 1.088 1.088 1.087 1.089

they are the same with the integrating spheres and have
no influence on the contrast. L; and Ls are two groups
of lenses and form a collimating system whose focal plane
superposes on the surface of the target. Each luminance
of two sides of the target can be adjusted by regulat-
ing the supply current of the lamp and each attenuator.
The target luminance and background luminance can be
sensed by each detector. Therefore it is easy to obtain
different, contrasts of the target.

This technique uses two integrating spheres to achieve
variable contrasts of the target. It has the following char-
acteristics: 1) it is easy to make the target for measur-
ing MRC; 2) the target luminance and background lumi-
nance can be separately adjusted; 3) the target luminance
and background luminance can be kept constant; 4) the
influence of the stray light (such as sunlight) on the con-
trast can be suppressed; 5) the corresponding device can
be used in every trial fields.

Based on this technique, the MRC measuring device is
developed. Using this device we measured the MRC of
F707 charge-coupled device (CCD) camera (5 M pixels,
Sony). Table 1 shows four groups of experimental data
measured by different people. The results indicate that
MRC rises with the increase of the spatial frequency and
approximates to one, which means that the target lu-
minance is nearly equal to the background luminance;
thereby the influence of the transmission of the target
on the MRC is very small, even can be neglected.

The uncertainty of measuring MRC is caused by the
uncertainties of calibrating the values of the luminance,
the detecting system, and the people. The uncertainties
of calibrating the values of the luminance and the detect-
ing system are approximately estimated by the maximal
measurement deviation of the target luminance and back-
ground luminance. According to the experimental data,
the uncertainties of the target luminance and background
luminance are both about 1%. Based on the data in Ta-
ble 1, the uncertainty brought by the people is calculated
to be about 1%. The expanded uncertainty of measuring
MRC is less than 3%.
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