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The detection probability of visible light reconnaissance equipment is one of key indexes to assess the
performance of the system. The detection probability is determined by many factors, such as
atmospheric visibility, target-background contrast, target size and distance, solar elevation angle etc.
Based on the detection probability model of the visible light reconnaissance equipment to gain targets,
chief factors affecting the reconnaissance capability of the visible light reconnaissance equipment are
analyzed. With the simulation calculation of the model, the relations between the detection probability
model of the visible light reconnaissance equipment and the parameters, which including the contrast
between the target and background, atmospheric visibility, the solar elevation angles, the optical
system magnification and intercept range, are analyzed. All these are beneficial to further evaluate the
reconnaissance capabilities of the visible light reconnaissance equipment.
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1. INTRODUCTION

Modern military reconnaissance activities is done to
obtain the intelligence information of the enemy
operational activities, and to supply the intelligence for
right decision-making or belligerent command
adjusting. Military reconnaissance is the important
guarantee for war victory. Especially in a war under the
condition of information, once the objectis discovered
and then destroyed, which gives higher demand for real-
time battle field perception ability. So, the effects of
military reconnaissance are more remarkable. To find a
target and determine its position, basing on the nature of
the target and characteristics of the environment, the
reconnaissance equipment is used to search the targets
in the possible area [1-5]. Owing to the influence of
various factors, the results of the reconnaissance are
always uncertain, random, so the statistical rule is
usually described with the digital features of random
events or random variables, and the most basic and the
most commonly used method of which is the detection

*Corresponding Author’s Email: zhangliwen97@163.com (Z. Liwen)

probability [6-10]. The detection probability is usually
expressed with the value between 0-1.

There are many surveillance reconnaissance
methods; one of the most common methods is visible
light optical detection. Visible light reconnaissance
equipment is an important means for acquiring battle
field targets information in modern war, which is more
and more widely used in the application of the photo
electric reconnaissance equipment. The acquisition
probability of the visible light reconnaissance
equipment to ground targets at different environmental
conditions and different meteorological conditions
reflects the reconnaissance capacity of the visiblelight
reconnaissance equipment [11-16]. Basing on the theory
model of discovery probability of visible light
reconnaissance device, this paper mainly studies the
influences on visible light reconnaissance capability of
the contrast between the target and background,
atmospheric visibility, the solar elevationangles, the
optical system magnification, intercept range and other
factors. The results of study providean important basis
for the performance evaluation and capacity prediction
of visible light reconnaissance system.
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2. THEORY MODEL

The formula describing the probability of detection for
ground targets is given by Bailey [17]:
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where, the plus sign is used whenC, <C. Ct is the

threshold contrast, where the eye just distinguishing the
objects from the background, which is the function of
the view angle a of an object to human eye and the
background natural illumination, just as the follow
expression:

log,, C, ~ (log,, & +0.5) " -2 )

where, « is given the average angular subtense, in
minutes of arc at the eye of an object, which is defined
here with the characteristic scale of an object H and the
distance to the object R as:
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Here, the unit of H is m, the unit of R is km, M is the
magnification of the visual optical devices, such as the
telescope. M equals 1, when the object is observed with
the naked eye.

In Equation (1), C is the actual contrast available at
the eye at the distance R to the object after atmospheric
effects and equipment gains and display setting are
accounted for, which can be expressed as:

1
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where, C, is the actual contrast available at the eye at
the zero distance to the object, which depends on the
visible light reflectivity of the objects, r, and the visible
light reflectivity of the background of objectives, ry, just
as the follow equation [18, 19]:
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And G is the background luminance ratio of the

sky to the ground. The equation used to predict SGis
given by Huschke [20] with the visible light reflectivity
of the ground background, r,, the visibility V, the solar
elevation angle h and the observation pitch angle F:
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the observation pitchangle F changes with h:

F=2 (h <10°)
F =15 (10°<h <55°) (8)
F=1 (h >55°)

In Equation (4), o is the extinction coefficient of the
visible light, which is usually expressed with the
visibility:
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3. SIMULATION RESULTS AND ANALYSIS

3. 1. Effects of the Target-to-background Contrast
on the Detection Probability Basing on the
formula describing the probability of detection, at
different detected distances, the relations of the
detection probability with the target-to-background
contrast are given in Figure 1. Here, the solar elevation
angle is 45°, the visibility is 5 km, the magnification of
the visual optical devices is selected as 8, and the
characteristic scale of objects is 3 m. With the present
parameters, obviously, the variation of the detection
probability presents increasing trend with the increasing
target-to-background contrast. It is noticing that the
detection probability rapidly reduces with increase of
the detected distance.

3. 2. Effects of Different Visibilities on the
Detection Probability Figure 2 illustrates the
change tendency of the detection probability with the
increasing visibilities at different detected distances.
Where, the visible light reflectivity of the object is 0.1,
the visible light reflectivity of the background is 0.2, the
target-to-background contrast is 0.5, the solar
elevationangle is 45°, and the magnification of the
visual optical devices is selected as 8.
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Figurel. The detection probability changes with the target-to-
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From Figure 2, it is seen that the detection probability
increases with the increasing visibility, and the detection
probability is about 3 km, as the visibility is 9 km. What
is more, at the same visibility, the detection probability
is much lower with the larger detection distance.

3. 3. Effects of the Solar Elevation Angle on the
Detection Probability While other parameters
remain the same, varying one parameter of the solar
elevation angle (the different detecting time), the
detection probability under different detection distances
is shown in Figure 3. Obviously, the detection
probability of the targets with larger solar elevation
angle at noon is much larger than that with smaller solar
elevation angle at dawn or dusk. With the rise of the
solar elevation angle, the detection probability
increases, but it has different increasing rates during
different solar elevation angles. During the solar
elevation angles from 10 to 50 degrees, the detection
probability increases rapidly, rises sharply at near 55
degrees, then increases slowly after 55 degrees. And at
the same solar elevation angle, the higher detection
probability with the smaller detection distance.
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Figure 2. The detection probability changes with the visibility
at different detection distances.
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Figure 3. Detection probability with the visibility the solar
elevation angle under different detection distances.

3. 4. Relation between the Detection Probability
and the Magnifications of Optical System
When other parameters remainthe same, the detection
probability of the different magnification under different
detection distance is presented in Figure 4. Here, the
magnification M =1, which means that the target is
observed with the naked eye. The detection probability
increases more with a higher magnification than that
with the naked eye. However, when the detection
distance increases, at the low visibility, the effect of the
approach to improve the detection probability through
increasing the magnification of optical system is not
very obvious.

3.5. Effects of the Detected Distance on the
Detection Probability at Different Conditions
Figure 5 (a~d) give the detection probability with the
detected distance at different backgrounds, different
visibilities, different solar elevationangles, and different
surveillance equipments. From Figure 5, it can be
concluded as follows: (1) The higher contrast of target
and background, the detection probability of ground
target with visible light reconnaissance equipment is
larger, and the reconnaissance distance is more far. (2)
Under the condition of low visibility, the detection
probability of ground target with visible light
reconnaissance equipment decreases rapidly with
increasing reconnaissance distance, while at high
visibility, this change becomes slow. (3) At noon with
larger solar elevation angle, the detection probability of
ground target with visible light reconnaissance
equipment is much larger, and the reconnaissance
distance is also farther than in other time. Adoption of
optical amplifying system is helpful to improve the
detection probability, but only by increasing the
magnification of the optical system, the reconnaissance
distance cannot effectively increase.
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Figured. Detection probability with the magnifications of

optical system under different detection distances.
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Figure 5. Detection probability with detected distance at different conditions: (a) different backgrounds, (b) different visibilities, (c)
different solar elevation angles, and (d) different surveillance equipments

4. CONCLUSIONS

Through the simulation calculation, the influences on
the detection probability of visible light reconnaissance
equipment are analyzed under the different target and
background contrasts, different visibilities, different
solar elevationangles, different surveillance equipments,
and different reconnaissance distances. The simulation
results show the detecting probability has been
massively affected by the meteorological conditions and
environmental factors, and it varies regularly with such
factors as visibility, the target-to-background contrast
and the solar elevation angle. The conclusions are
important to military detecting applications.
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