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Abstract

This paper raises the problem of the traffic safety in the foggy
conditions. The main optical properties are considered. The
literature review related to determination of the fog optical
properties was performed which speaks of the absence of
obvious effect of the fog on the optical emission. The design
of the laboratory plant allowing measuring the optical
characteristics of the fog for different lengths of waves within
the visible range is described. The detailed description of the
laboratory plant design and the principle of its action allow
reproducing it easily. The main attention by design of the
laboratory plant is paid to creation of conditions that allow
maintaining unchanged the fog characteristics for
performance of the long-term experiments. The presence of a
Web-cam located within the space under investigation allows
to visually control the fog state during performance of the
experiments. The measuring technique with the use of light
emitting diodes is presented that is divided into a few stages:
calibration, preparation and measurement. For investigation of
the fog properties the 8 LEDs were used: 6 of which emitted
the red, orange, yellow, green, blue and violet colors and the
two LEDs emitted the warm and cool white light. The results
of the measurements are presented as well as their relevance
by design of the special light sources for fog head lamps is
specified.

Keywords: fog, fog generator, optical properties of the
medium, light emitting diodes, emission band, transmission
coefficient.

1. INTRODUCTION

At the moment of appearance of the first vehicles little
attention was paid to the safety. Now in the century of the
high technologies when equipment plays an important role in
the life of people safety comes first. The modern systems
installed at wvehicles significantly simplify the process of
control, reduce the human factor to the minimum and in many
cases allow preventing accidents [10], however, neither of the
systems is able to withstand the unfavorable weather
conditions one of which the fog is.

Fog has always constituted great threat to all kinds of vehicles
[5]. Today there are different methods facilitating the vehicle
control process in the foggy conditions, for example,
installation of the fog head lamps [6, 8], however, they don't
solve this problem completely which requires the more
detailed investigation of the fog optical properties.

2. DISCUSSIONS

Fog is the finest particles of moisture suspended in the air
[12]. The main problem of the fog is the finest water drops
acting as reflective elements of reflectors reflect most of the
incident rays towards the light source (Figure 1) [4].
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Figure 1 — Simplified scheme of the light diffusion in the fog:
1 — light source, 2 —reflector, 3 — parallel light beam, 4 — fog
cloud, 5 — light beams diffused by fog
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Thus, for features two main optical characteristics: the
transmission coefficient and the diffusion coefficient. The
transmission coefficient shows which part of light will pass
from the source to the receiver through the fog cloud. The
diffusion coefficient shows which portion of light will be
diffused by the fog cloud and reflected to the source. The
nature of the light interaction with for to a great extent
depends on the size of the fog particles and the length of the
light waves used [3, 13].

According to the experiments performed by researchers of the
New Jersey Technological Institute the intensity of the light
attenuation in the fog they produced with the use of the fog
generator FSS60C increases with the increase in the distance
between the light source and receiver and features a non-linear
nature [2].

It is known that the light with different wave lengths interacts
with the fog in a different manner and, therefore, the
transmission and diffusion coefficients for the light with
different wavelengths are different. The researchers from the
Kaunas University of Technology that used in their
experiments the fog generator ANTARI Z300 and the
carbonic ice state that the light with a longer wavelength is
more diffused in the fog then the light with the short wave-
length [1].

All of this significantly complicates the process of analysis of
the fog optical properties and further use of the results
obtained by design of the lighting devices designed for the use
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in the foggy conditions. The problem related to the effect of
the intensity of the landing lights of airplanes and signaling
lights on the visibility in the foggy conditions is described in
the text book for the specialized secondary schools of the civil
aviation ‘Lighting engineering and light measurements’ [9].

3. DESIGN OF THE UNIT

For investigation of the fog optical properties the laboratory
unit for fog production was assembled in which the fog
generator Exo Terra Fogger (PT-2080) [7] presented in the
Figure 2 was used. 2 spectral radiometers Spechos 1211 were
used for measurements.

Figure 2 — Appearance of the ultra-
sonic fog generator

The design of the test unit is presented in the Figure 3. The
case 1 represents a leak-proof box with a cover (not shown in
the Figure) with the dimensions 702x310x390 mm.
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Figure 3 — The unit for mvestigation of the fog optical properties
(top view): 1 — camera case, 2 — black fabric, 3 — water, 4 — ultra-
sonic fog generator, 5 — blower for air recirculation in the chamber,
6 —infrared fog density sensor, 7 — blower for chamber blowing, 8
— fog-discharge hole, 9 — thermocouple, 10 — hole for mstallation of
the light source, 11 and 12 — holes for installation of the spectral
radiometers  and b, respectively, 13 — Web-camera.

The inner case surface is covered with a polyethylene film in
such a manner that leak-proof water-proof vessel is formed
which in its turn is covered with the black light-absorbing
fabric 2. The box is filled with water 3 by the level of 6-7 cm
in which the ultra-sonic fog generator 4 is placed [7]. In the
upper part of the case the wventilator 5 is placed that is
designed for the air recirculation within the chamber and the
infra-red fog density control sensor 6. For the chamber
blowing the blower 7 is used that is fixed at the external case
wall and is located in such a manner that the light from the
environment does not enter the chamber. The hole for
discharge of the excessive fog is discovered from the external
side of the case by the black light-absorbing casing 8. For
control of the temperature inside of the chamber the
thermocouple 9 is used. In the end walls of the case there are
holes 10, 11 and 12 designed for installation of the light
source and spectral radiometers a and b, respectively. Inside
of the case there is the Web-cam 13 designed for the visual
monitoring of the test plate (7 in the Figure 4).
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Figure 4 — The unit for investigation of the fog optical properties (lateral view):
1 — chamber case, 2 — light beam, 3 — light source, 4 — tube for light mput,
5 — spectral radiometer @ for measurement of the light passed through the fog,
6 — spectral radiometer & for measurement of the light diffused by the fog, 7 — test plate, § —
ultra-sonic fog generator, 9 — water, 10 — Web-camera.

In order to avoid the reflection of the light from the camera
case 1 and the water surface and to improve the integrity of
the test it is necessary to form a directed light beam 2 (Figure
4). This is why the light source 3 is placed in the tube 4 with
non-reflective inner surface absorbing all non-axial light
beams. The tube length and angle is selected so that the light
spot formed at the opposite wall of the camera does not go
beyond its boundaries and completely overlaps the hole where
the spectral radiometer a is located. The light component that
passed through the fog is measured by the spectral radiometer
a 5, and the portion reflected from the fog in the opposite
direction — by the spectral radiometer b 6 located at the same
wall as the light source.

For visual estimation of visibility inside of the camera there is
the test plate 7 located at the wall directly under the hole
where the spectral radiometer a is placed and partially falling
within the light domain spot formed by the light source. This
is a black matt rectangular plate with the dimensions of
150x100 mm and white stripes of different width (Figure 5).
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Figure 5 — Test plate

4. THE PRINCIPLE OF THE UNIT ACTION

The fog formed by the fog generator features relatively high
density and is deposited at the camera bottom. In order to
ensure the uniform fog distribution within the camera the
blower located inside of the camera and operating at the low
speed is used. In order to ensure that possibility of regulation
of the air circulation rate within the camera the blower is
connected to the variable power source which allows varying
the blower engine speed within a certain range.

The ultra-sonic fog generator is rated at the power supply
voltage of 24V. By reduction of the power supply voltage of
the fog generator from 24 V to 20 V the intensity of the fog
formation decreases. By drop in the power supply voltage
below 20V the operation of the fog generator becomes
unstable [7]. The narrow range of the power supply voltage
allows regulating the fog-formation process only a little which
complicates the process of running the experiment since even
at the power supply voltage of 20 V the fog density does not
remain the same and increases gradually, therefore, it
becomes impossible to perform long-term measurements
under the same conditions. Besides, the intensity of fog-
formation to a large extent depends on the water layer about
the fog generator that is reduced during the experiment due to
the transformation of water into fog. In order to solve the
above-mentioned problem the unit was equipped with the
auxiliary blower for chamber blowing and the infra-red fog
density sensor as well as an additional hole covered with a
light-absorbing casing designed for discharge of the excessive
fog. The blower designed for the chamber blowing is located
in a separate light-absorbing casing located at the external
wall of the chamber frame. The internal casing volume is
connected with the blower and the chamber through an access
hole. The blower is controlled by the infrared fog density
sensor, therefore, the blower rotation rate and air velocity
directly depend on the density of fog inside of the chamber.
During the performance of the experiment the level of water
in the chamber is reduced as the result of which the intensity
of the fog formation increases. Along with increase in the fog-
formation intensity the density of fog inside of the chamber
increases which results in enhancement of the blower rotation

rate and therefore more intensive displacement of the
excessive fog from the chamber. Thus, the blower prevents
the increase of fog density in the chamber and allows
maintaining the permanent density.

5. THE EXPERIMENT PROCEDURE

The experiment is divided into a few stages: calibration,
preparation and measurements. During the process of
calibration the required reference light flux is chosen and the
supply currents are fixed at which the specified light flux is
provided for each of the light-emitting diodes (LEDSs).

With the use of the spectral radiometers the spectrum of the
transmitted and reflected light is recorded as well as the image
of the test plate is taken.

During the process of preparation for main measurements the
specified fog density is selected, the power is supplied to the
fog generator and the chamber is filled up with fog. One
should wait about 15 minutes before starting measurements as
this time suffices for the fog density inside of the chamber to
stabilize and become uniform.

During the process of measurements the light sources are
alternated, the preset supply current is fed, the recording of
readings of both spectral radiometers is performed, the images
of the test plate are taken. In order to obtain the accurate and
reliable results the measurements shall be performed a few
times, light sources shall be measured in the same sequence
and then the results obtained shall be averaged.

6. PERFORMANCE OF MEASUREMENTS AND
PROCESSING OF RESULTS

Eight light emitting diodes have been chosen as the light
sources, the specifications of which are presented in the Table
1.

All LEDs were placed side-by-side at an aluminum heat sink
and connected to the common stabilized controlled power
source through a switch and limiting resistance. The heat sink
with LEDs was attached to the chamber case with the use of
splined attachment allowing sliding it along the tube designed
for the light input into the chamber. By sliding the heat sink
along the splines the required LED may be approximated to
the tube hole, for the more accurate LED placement marks
have been put on the heat sink.

At the calibration stage the required LED was brought to the
input tube hole, the supply voltage was supplied with the use
of switch after which the required value of the supply current
was set. The calibration procedure was performed
alternatively in respect of each LED. The supply current for
each of the LEDs was selected so that the illumination
intensity at the chamber wall close to the test plate measured
by the spectral radiometer a was equal to 16 Ix, except for the
violet LED (Table 1). The illumination intensity at the
maximal supply current (700 mA) made 1,7 Ix and was taken
as the start value for the violet LED.
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Table 1 — LED specifications

Table 2 — Readings of spectral radiometers

prese|spectr| Ne of illumination intensity, Ix

nce | al |measur|Red|Ora|Yell|GreeBlue|Viol|war |cool
of |radio | ement |LE (nge|ow | n |LED| et | m |whit
fog | meter D | LE [LED|LED LED|whit| e
D e |LED
LED
no| a 1 16|16 | 16 | 16 | 16 |1,70| 16 | 16
80

b 1 10,1/0,12/0,13/0,11|0,12|0,06|0,10|0,08
578/ 73|04 |16 |64 |12 |92 99

Color | Wavelength, LED Supply Initial
nm/ Teo, K capacity, | current, | intensity,

W MA Ix

red 643 3 713 16

orange 619 3 169 16

yellow 590 3 510 16

green 520 1 136 16

blue 465 3 545 16

violet 430 3 700 1,7

warm 2982 3 116 16
white

cool 6699 3 116 16
white

In order to obtain the reference data and perform control of
calibration the first measurement was carried out without fog
(Table 2). The LEDs were alternatively brought to the input
tube hole and the supply currents preset during the calibration
stage were set. Then readings from the spectral radiometers a
and b were taken at that the value of the illumination intensity
received from the spectral radiometer a had to be equal to 16
Ix which confirmed the calibration accuracy. The photos of
the test plate were taken with the use of the Web-camera.

All further measurements were performed in the presence of
fog in the chamber. The chamber was completely filled up
with homogenous fog 10-15 minutes after switching on the
fog generator after which like during the first measurement
each LED was brought to the input tube hole and the supply
current preset during the calibration stage was set. Then
readings from the spectral radiometers a and b were taken, the
photo by the Web-camera was taken. In order to obtain the
reliable results measurements were performed 5 times and the
results obtained were averaged (Table 2).

yes | a 2 |4,3]4,24/5,28|4,95(5,24/0,68(4,94|4,85
37040 10|20 |70 | 97 | 20 | 50

3 |4,2]4,46|4,67|5,02(4,56(0,69|4,82|4,50
760/ 10 | 20 | 10 | 20 | 07 | 50 | 90

4 14,0[4,054,25|5,16/5,02|0,57|4,77|4,75
420/ 30| 60 [ 90 | 00 | 64 | 70 | 40

5 |4,7]4,39/4,58|4,53(5,12|0,61|4,45|4,48
800/ 80 | 00 | 90 | 80 | 85 | 60 | 20

6 |4,1]4,03/4,00{4,54(5,16/0,61|4,63|4,79
750/ 60 | 90 | 00 | 10 | 69 | 40 | 40

cp. [4,3|4,23/4,55|4,84|5,02|0,63|4,72|4,67
220/ 84 | 96 | 42 | 36 | 84 | 68 | 88

% |27,|26/4/28,4|30,2|31,3|37,3|129,5/29,2
013| 9 |975|763|975|794|425|425

b 2 10,6(0,58/0,57|0,54|0,56|0,11|0,57|0,59
267|122 |78 | 39| 25| 16 | 59 | 36

3 10,6(0,57/0,59(0,54|0,58|0,11|0,57|0,59
432147 |79 | 41|06 | 09 | 34 | 28

4 10,6/0,59/0,62|0,54|0,59|0,12|0,62|0,56
595/ 28 | 75| 11| 77 | 17 | 46 | 99

5 10,610,58/0,61|0,58/0,62{0,09|0,64|0,56
606/ 33 | 45|40 |08 | 33 | 72 | 56

6 (0,6(0,62/0,63/0,56/0,61/0,10|0,62|0,57
897150199 |15|33 97|91 42

cp. (0,6]0,59/0,61/0,55|0,59|0,10|0,61/0,57
559|116 | 15| 49|50 | 94 | 00 | 92

% 13,1]2,90{3,00|2,77|2,92|2,82|3,13|3,05
134/ 19| 70 | 08 | 87 | 44 | 03 | 84

The calculation of the fog transmission and reflection
coefficient for different wavelengths was performed according
to the formulas:

Knp. = Ecp. Tp. € TyM. / Ecp. np. 6e3 Tym. xlOO%y (1)
Kmp. = Ecp. 01p. € TyM. / Ecp. o1p. 6e3 Tym. xlOO%y (2)

Where Ecp, mp. c 7w — the illumination intensity produced at the
photocell of the spectral radiometer a by the light passed
through the fog;

E ¢p mp. 6= yu — the illumination intensity produced at the
photocell of the spectral radiometer a by the light source
without fog;

E ¢ op. ¢ wu — the illumination intensity produced at the
photocell of the spectral radiometer b by the light diffused by
fog;
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E ¢ op. 6e ww the illumination intensity produced at the
photocell of the spectral radiometer b by the light source
without fog.

Based on the results of measurements the diagrams
representing the dependence of the transmission and diffusion
coefficient on the wavelength were construed (Figure 6).
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Figure 6 — The diagram of dependence of the fog transmission and diffusion coefficient on the
wavelength

Based on the results obtained it follows that the light with the
longer wavelength is more diffused by fog. Thus, visibility in
the foggy conditions shall be better by illuminating the object
with the light of the indigo emission than by red one.

The photos made by the Web-camera placed inside of the unit
presented in the Fig, 7 confirm the above-described
experimental data, however, due to the fact that a Web-camera
as compared to a human eye features somewhat different
specifications certain conclusions can hardly be drawn.

Figure 7 — Images of the test plate in the camera, with and without fog, illuminated with the light
with different wavelengths taken by the Web-camera

7. SUMMARY

The driving in conditions of colored lighting causes visual
discomfort since a human organ of vision is adapted to the
white light. Besides, it is forbidden by the traffic rules to use
the light of different colors in the fog head lamps [11]. In this
regard the results of the experiments described in the paper do

not bear particular sense to common drivers; however, they
may be relevant by design of the special light sources for the
fog head lamps, the white light in which is produced by the
additive mixing of light with different wavelengths.

The design of the laboratory unit and the technique of
performance of measurements described in the paper will
allow detailed investigating the optical properties of fog
during further experiments. This will allow selecting the
optimum wavelengths of the visible band of emission
producing the white light by additive superposition for which
the fog transmission coefficient will be the maximal. The use
of fog head lamps with such flight will in its turn allow
improving visibility in the foggy conditions and increasing the
traffic safety.
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