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ABSTRACT

Problems of finding a semi-empirical
meteorological visibility on roads and the visibility range for drivers in rainy
weather are discussed and solved. Problems of determining the conditions for
minimum visibility range for drivers in rainy weather are also solved. A semi-
empirical expression linking meteorological visibility and the visibility range for
drivers during rain is derived. It is determined that in rainy weather, with a
positive regression relationship between background illumination and rain
intensity, the visibility range for drivers is reduced to a minimum.

regression relationship, optimization

This article examines the conditions for minimum visibility on roads during rainy
relationship between
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Introduction

As noted in [1], the deterioration of visibility directly due to rain is usually small. For
example, if meteorological visibility is within 400 m, then the rain intensity that could cause
such low visibility would be 300 mm/hour. However, rains with such intensity occur quite
rarely. At the same time, visibility of the road is significantly affected by rainwater
accumulated on the car windshield. In [2], the effect of raindrops falling on the car
windshield on visibility on the road in rainy weather was studied. In [3, 4], the conditions
for deterioration of visibility were investigated using physical modeling of rain as applied
to stationary vehicles. In [5-7], it was shown that an increase in rain intensity leads to a
decrease in visibility for the driver. In [5], it was shown that visibility decreases with a
decrease in background illumination. Moreover, for moving vehicles, visibility was further
deteriorated due to the accumulation of water on the windshield. Based on the obtained
experimental results, the following model of the dependence of visibility range on the
condition of the windshield of a car in rainy weather was proposed.

D = Co(Rt)“* exp(C,Ly) (1)

where Co, Ci1, C2 are positive constants; R is the rain intensity; t is the windshield wiper
operating period; Ly is the background illumination.

According to [1], the following relationship exists between the rain intensity R and the
attenuation coefficient:

k = aR? (2)

where k is the attenuation coefficient; o and y are coefficients depending on the
experimental conditions.
The optical thickness of the rain factor at a distance L is determined as:

T= [ kdr (3)

As noted above, rain itself has little direct effect on road visibility.
This has been repeatedly verified in practice, and at a rainfall intensity of 45 mm/hour,
the attenuation coefficient did not exceed 4 x 103 (Fig. 1) [1].
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Figure 1. Experimentally obtained curves of dependence of the attenuation coefficient
on rain intensity during 1985-2000 [1] by different researchers
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However, it should be noted that the driver's workplace is located behind the
windshield, and when determining visibility on the road in rainy weather, the effect of the
windshield on visibility must be taken into account.

This article further examines the effect of raindrops accumulated on the windshield
on the apparent meteorological visibility for drivers driving in rainy weather.

Materials and methods

As indicated in the work [1], meteorological visibility Vinetis defined as
Vinet = = (4)
Taking into account expressions (2) and (4), we obtain

Vinet = = (5)

arY

From expression (5) we find

R="[3 (6)

aVmet

Taking into account expressions (1) and (6), we have

G -G
3 1
D = Cyt™@ C,L)| = C,t= C,Ly) | =
0 Winor exp(C;Ly) 0 (anEt'k> exp(C;Ly)
Co/y
Gt (52=) " exp(Caly) )
Vet k

Where V(met k) is the apparent meteorological visibility for the driver.

As can be seen from expression (7), the indicators D and Vmnetare functionally related.
Given t, Lp = const, an increase in D will mean an increase in Vmet. Consequently, the
apparent meteorological visibility V(met, k) for the driver, if D is extreme, will also have an
extreme property.

Next, let's consider the extreme properties of the indicator D. To do this, we use
expression (1). In this expression, we assume t = const. We rewrite expression (1) as

D = Co;R™“* exp(C,Ly) (8)
where
Cor =Gy~ t=C (9)

Next, in expression (8) we introduce for consideration the function

Ly, = y(R) (10)
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The physical meaning of (10) is that the background glow should have a regressive
relationship with the rain intensity as the vehicle moves along the road. Logically, along
the road, one can expect both an increasing and a decreasing regressive relationship
between L and R. In the first case, one can assume that an increase in R indicates a
concentration of rain clouds in the area where the road passes, and in the second case,
one can assume that rain clouds are large-scale, also covering background areas. Given
the above assumptions, the following restrictive condition can be imposed on the function

W(R).

fOR’”“"l/)(R)dR = C;; C3 = const (11)

Next, taking into account expression (10) and based on expression (8), we form the
following target functional F1, where

Fy = [;™ oy R exp(Coyp(R)) dR (12)

A graphical representation of the hypothetical dual version of function (10) is shown
in Figure 2.
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Figure 2. Expected regression curves for L versus R. Numbers indicate:
1 — presence of negative regression; 2 — presence of positive regression

Taking into account expressions (11) and (12), we construct the objective functional
F2 for unconditional variational optimization.

Fy = [} Co R exp(Co(R)) dR = A[ ;™ p(R)dR — C;] (13)

The solution of the optimization problem (13) according to [8] satisfies the following
condition

d{Co1R™1 exp(Cop(R))-AP(R)} _
E =0 (14)

From condition (14) we find:
CoCor R~ exp(Cop(R)) — A =10 (15)
From expression (15) we find

exp(Cop(R)) = 222 (16)

CoCo1
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Taking the logarithm of expression (16) we obtain

PR) = Sn[2] (17)

Co CoCo1

When solving (17), Fz2 reaches a minimum, therefore, with a functionally
(logarithmically) direct dependence of L on R, i.e. if an increase in rain intensity is
accompanied by an increase in illumination from the background according to law (17),
the visibility distance for the driver can reach a minimum.

Discussion

Thus, the conditions for minimum road visibility for drivers in rainy weather were
investigated. The following problems were discussed and solved:

1) Finding a semi-empirical relationship between meteorological visibility on roads

and the visibility range for drivers in rainy weather.

2) Determining the conditions for minimum visibility for drivers in rainy weather.

A variational optimization problem was developed to find a possible regression
relationship between L (background illumination) and rain intensity (R) while driving on a
highway at which the visibility range for drivers in rainy weather reaches a minimum. The
possibility of a dual nature for this regression relationship was also considered, i.e., both
an increase and a decrease in background illumination with increasing rain intensity are
allowed.

Conclusion

The following key findings were obtained as a result of a study examining the impact
of rain on road visibility:

1. A semi-empirical expression was derived linking meteorological visibility and the
visibility range during rain for drivers, taking into account the accumulation of raindrops on
the windshield.

2. It was determined that in rainy weather, with a positive regression relationship
between background illumination and rain intensity, the visibility range for drivers is
reduced to a minimum.
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