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(54) Method for automatic and precise application of an anti-freeze agent

(57) A method for applying anti-freeze agent over a
monitored surface by a spraying apparatus, wherein the
apparatus comprises at least one nozzle (13, 20, 21, 22,
23, 24, 25), a fluid container (11), a pipeline (12) between
the fluid container and the nozzles, and control logic (16)
for the apparatus, the method comprising the steps of:
- measuring at least one of the following parameters:
quantity of ice in aqueous solution, outside-air tempera-
ture, temperature of the monitored surface, temperature
of the nozzles, atmospheric humidity, strength of wind,

intensity and type of precipitation, image of the monitored
surface;
- activating spraying of the agent from at least one nozzle
(13, 20, 21, 22, 23, 24, 25) when a desired start condition
is fulfilled, wherein the start condition is a function of at
least one measured parameter;
- re-measuring said parameters; and
- stopping the spraying of the agent when, based on the
remeasured parameters, the control logic (16) deter-
mines that friction of the monitored surface stays suffi-
ciently high.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to an antiskid treatment
for road surfaces using a specific apparatus for applying
an anti-freeze agent.

BACKGROUND OF THE INVENTION

[0002] Trafficked road surfaces are exposed to differ-
ent weather conditions and temperature changes. In win-
ter conditions, freezing of the road surfaces reduces the
friction between the road surface and the tires which,
combined with high speed, makes vehicles more difficult
to control. Traditionally, skidding has been combated by
the use of studded or friction tires, from the road main-
tenance perspective by brining the roads, and from the
official perspective by imposing winter speed limits.
Warming elements may be installed under the road in
essential pedestrian and bicycle ways of city centers to
keep the roads unfrozen throughout the year. A problem
with the use of winter tires is that they wear the roads
considerably, from which arises the need to pave the
roads even on a yearly basis. Brining the roads, on the
other hand, is not very environmentally friendly when for
example sodium chloride is used. Nevertheless, ice-con-
trol salt has recently been replaced with more environ-
mentally friendly substances such as for example potas-
sium formiate which is non-toxic when used as aqueous
solution and which is an environmentally safe agent in
other aspects as well.
[0003] From the safety perspective, some places are
more critical than others in terms of skidding. Typically,
these places are found in locations where microclimatic
changes take place, i.e. where air masses of different
temperatures are likely to meet. Such places include for
example bridges, mouths of tunnels, airport runways, en-
tryways and highway ramps and, for bicycle and pedes-
trian traffic, for example footways.
[0004] One way of ensuring that the critical road areas
stay unfrozen is to install a nozzle apparatus that sprays
suitable anti-freeze agent over the area or in the proximity
of the area which is to be kept unfrozen. For example,
publication EP 981050776 describes a spraying appara-
tus that applies brine on the roads. In the publication, a
large number of fixedly mountable spraying elements,
i.e. nozzles, is employed to spray brine in fine distribution,
the volume flow per nozzle being defined as relatively
low, about 1.5 to 8 ml per second. The publication con-
centrates mainly on the dimensions of the spray pipe
inside diameters, of the distances between the nozzles,
as well as of the number of nozzles per road surface area
to be covered. The main motivation of the disclosed ap-
paratus is not to alarm the road users when the spraying
system is activated as they travel the road.
[0005] Publication US 2005/0072859 describes a kind
of an anti-freeze agent spraying apparatus. The nozzles

have been provided waterproof so that water is not able
to access the interior of the spraying housing in any sit-
uation. A set of valves has been installed inside the spray-
ing housing. These valves allow separate control of each
nozzle. The nozzles are mounted in socket parts on the
road so as to be embedded below the road surface level.
In the publication, the use of certain weather sensors,
such as the use of temperature sensors, a moisture me-
ter, an anemometer and video image, is also mentioned.
These are used real-time to control the valves of the noz-
zles.
[0006] A main problem of the known technology is that
the use of the nozzles in a spraying system has not yet
been controlled intelligently, utilizing anticipation and di-
rect slipping measurements as well as the sparing use
of the anti-freeze agent.

OBJECTIVE OF THE INVENTION

[0007] The objective of the invention is to disclose a
novel intelligent method and apparatus for spraying anti-
freeze agent on road surfaces. One specific objective of
the invention is to alleviate the problems referred to
above.

SUMMARY OF THE INVENTION

[0008] The present invention discloses a method for
applying anti-freeze agent over a monitored surface by
a spraying apparatus, wherein the apparatus comprises
at least one nozzle, a fluid container, a pipeline between
the fluid container and the nozzles and control logic for
the apparatus. The method is characterized in that it
comprises the steps of:

measuring at least one of the following parameters:
quantity of ice in aqueous solution, outside-air tem-
perature, temperature of the monitored surface, tem-
perature of the nozzles, atmospheric humidity,
strength of wind, intensity and type of precipitation,
image of the monitored surface;
activating spraying of the agent from at least one
nozzle when a desired start condition is fulfilled,
wherein the start condition is a function of at least
one measured parameter;
re-measuring said parameters; and
stopping the spraying of the agent when, based on
the re-measured parameters, the control logic deter-
mines that friction of the monitored surface stays suf-
ficiently high.

[0009] In one embodiment of the present invention, the
monitored surface is a traffic way.
[0010] In one embodiment of the present invention, the
method further comprises the steps of:

establishing an image of the monitored surface in
advance when the surface is dry and unfrozen;
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establishing an image of the monitored surface at
the time of observation; and
based on a change in said images, determining the
possible presence of water and/or ice on the surface,
which information is transferred to the control logic.

[0011] In one embodiment of the present invention, the
method further comprises the steps of:

gathering the measured parameters and status in-
formation about the apparatus to a control logic serv-
er; and
sending an alarm to an external control room if any
part of the apparatus is damaged or if the conditions
on the monitored surface turn dangerous.

[0012] In one embodiment of the present invention, the
method further comprises the steps of:

determining the current weather from the measured
parameters; and
selecting an operation mode for the spraying based
on the weather and/or the time of observation.

[0013] In one embodiment of the present invention,
said operation mode is an operation mode preset accord-
ing to black ice, snowfall, subcool rain, rush hour, quiet
traffic or night-time, providing periodically or non-recur-
rently, for each nozzle and as a function of time, a control
signal that determines the activity of the nozzle.
[0014] In one embodiment of the present invention, the
method further comprises the steps of:

monitoring the variation trend of the parameters as
a function of time;
supplying a current weather report to the control log-
ic; and
determining the need of starting the spraying based
on the parameters, the variation trend thereof and
the weather report.

[0015] In one embodiment of the present invention, the
method further comprises adjusting the spraying angle,
the opening diameter and the supply pressure of the
agent in the desired nozzles.
[0016] In one embodiment of the present invention, the
method further comprises the steps of:

gathering the measurement parameters and the use
parameters of the apparatus in a log file; and
using the log file data to optimize the use of the noz-
zles.

[0017] According to a second aspect of the present
invention, a system for applying an anti-freeze agent over
a monitored surface by a spraying apparatus is disclosed,
wherein the system comprises at least one nozzle, a fluid
container and a pipeline between the fluid container and

the nozzles.
[0018] The system is further characterized in that it
comprises:

sensors for measuring at least one of the following
parameters: quantity of ice in aqueous solution, out-
side-air temperature, temperature of the monitored
surface, temperature of the nozzles, atmospheric
humidity, strength of wind, intensity and type of pre-
cipitation, image of the monitored surface;
a technical room with a processor, control logic for
the apparatus, and a memory unit; wherein
at least one nozzle has been arranged to start spray-
ing the agent when a desired start condition is ful-
filled, wherein the start condition is a function of at
least one measured parameter;
the sensors have been arranged to re-measure said
parameters; and
at least one nozzle has been arranged to stop the
spraying of the agent when, based on the re-meas-
ured parameters, the control logic determines that
friction of the monitored surface stays sufficiently
high.

[0019] In one embodiment of the present invention, the
system further comprises at least one warming element
for warming at least one nozzle, respectively, to ensure
that the nozzles stay unfrozen in all conditions.
[0020] In one embodiment of the present invention, the
system further comprises a control room which can be
contacted from the technical room to transfer the meas-
urement parameters and control commands between
them.
[0021] In one embodiment of the present invention, the
system further comprises a separate weather station ar-
ranged to measure the above-mentioned parameters
continuously or at the desired times.
[0022] In one embodiment of the present invention, the
system further comprises at least one camera for taking
a photographic image of the monitored surface at the
desired times, wherein the received image signal is within
a desired frequency band.
[0023] According to a third aspect of the present in-
vention, the inventive idea further comprises a computer
program for applying anti-freeze agent on a monitored
surface by a spraying apparatus comprising at least one
nozzle, a fluid container, a pipeline between the fluid con-
tainer and the nozzles and control logic for the apparatus.
The computer program comprises program code which,
when run on a data-processing device, has been ar-
ranged to execute the steps of:

controlling a measurement of at least one of the fol-
lowing parameters: quantity of ice in aqueous solu-
tion, outside-air temperature, temperature of the
monitored surface, temperature of the nozzles, at-
mospheric humidity, strength of wind, intensity and
type of precipitation, image of the monitored surface;
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controlling an activation of spraying of the agent from
at least one nozzle when a desired start condition is
fulfilled, wherein the start condition is a function of
at least one measured parameter;
controlling a re-measurement of said parameters;
and
commanding the spraying of the agent to be stopped
when, based on the re-measured parameters, the
control logic determines that friction of the monitored
surface stays sufficiently high.

[0024] The advantage of the present invention is that
it allows intelligent, anticipatory and automatic control of
an anti-freeze agent spraying system so that the moni-
tored road surface stays free from ice. The intelligence
of the control takes into account the weather parameters,
history data, time of observation, traffic situation, and fur-
ther ensures anticipatorily that the nozzles stay unfrozen.
These characteristics have not been accomplished in any
corresponding manner in the prior art.
[0025] The usefulness of the invention consists in the
fact that by measuring the ratio of ice and water on the
road surface, the application of the anti-freeze agent may
be limited only to situations where the risk of slippery
roads becomes too high, and on the fact that this proce-
dure allows one to optimize the consumption of the anti-
freeze chemicals to a minimum.

LIST OF FIGURES

[0026]

Fig. 1 presents an example of a system and appa-
ratus according to the invention,
Fig. 2 presents a nozzle used in the invention as
seen from different directions.

DETAILED DESCRIPTION OF THE INVENTION

[0027] The present invention discloses a method for
intelligent application of anti-freeze agent on a road sur-
face by a specific spraying apparatus. The objective of
the invention is to keep the road unfrozen in all situations
so that friction of the road surface is sufficiently high in
terms of grip in different weather and temperature con-
ditions.
[0028] The apparatus of the invention is illustrated in
Fig. 1. A weather station 10 may be disposed at a suitable
site on the roadside, containing devices which monitor
the road surface and the weather. The weather station
10 may include a camera, a thermometer for the temper-
ature of the road surface and the air, a hygrometer to
determine the dew point, an anemometer and a precip-
itation gauge, or only some of these measuring devices.
In the examples of the invention, a camera refers broadly
to a device which is able to receive information over dif-
ferent wavelength ranges and, where necessary, over
other than the visible light range. This device allows one

to monitor the color of the road surface over the selected
frequency bands so as to be able to detect water or ice
on the road surface. So-called dry calibration may be
performed in advance to determine the color of the road
surface for example in a dry cold weather during daylight.
By measuring, at each time of observation, the difference
between the color of the road surface and the reference
color from the calibration over the suitably selected fre-
quency bands it can be determined when there is water
or ice on the road surface. Since the reflective properties
of water and ice differ clearly from each other, a good
estimate of the change of the color (or, more broadly, the
received signal) relative to the reference is obtained for
the quantities of ice and water on the monitored surface,
taking into account the changes of lightness as well as
the changes of the basic road surface asphalt color at
different sites. In one example of the invention, the above-
mentioned reference data may be used to determine the
relative ratio of the quantities of ice and water, which may
be used directly to determine the potential skidding at
the time of observation. On the other hand, this kind of
camera may also be used to determine the type of pre-
cipitation, i.e. whether the precipitation is water, snow or
sleet. Also, the camera provides visual information about
the general weather and for example about the degree
of visibility. In one example of the invention, the camera
may operate over the visible light or the infrared radiation
range. On the other hand, a traditional camera that op-
erates over the visible light range is by no means neces-
sary for the functioning of the invention.
[0029] One or more containers 11 containing the em-
ployed anti-freeze agent may be disposed at an appro-
priate site on the roadside or in a separate technical room
18 (which is described in more detail below). In a pre-
ferred embodiment, about 50% potassium formiate so-
lution is used as the agent, but the use of other concen-
trations and for example an aqueous solution containing
sodium chloride or calcium chloride is also possible.
From the containers 11, the fluid is led forth through sup-
ply pipes 12 to the spraying members, i.e. the nozzles
13. The pipes 12 are dimensioned longitudinally so that
sufficient fluid pressure can be provided for the nozzles
13 to produce a jet that reaches sufficiently far. The jet
range in a preferred embodiment is about 3.5 to 4 meters
from each nozzle. The pipes 12 are installed slightly be-
low the road surface level so that there is no risk of the
pipes below the roadway becoming exposed due to for-
mation of wheel tracks.
[0030] In one embodiment of the present invention, the
flow rate from one nozzle is about 60ml per second. Of
course, it is possible to apply other flow rates as well, if
so desired. It depends much on the applied use whether
distribution of the jet from the nozzle is of importance.
On a regular highway, it is preferred to use fine-distrib-
uted jets, i.e. a relatively low flow rate per nozzle. On the
other hand, for example on airport runways, it is possible
to arrange the application of the anti-freeze agent so as
to be carried out only when the runway is free. In this
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case, it is possible to use even relatively high flow rates
and a spraying angle of close to 45 degrees, if necessary,
to provide a larger spraying range.
[0031] In one example of the system according to the
invention, a technical room 18 constitutes an essential
feature, accommodating part or all of the data processing
logic required by the invention. In practice, the technical
room may accommodate a server 14 which may be con-
nected through an Ethernet connection to a radio trans-
mitter 15. The server 14 is thus preferably connected to
the outside world through the internet. In one embodi-
ment, the radio transmitter 15 uses a 450MHz operating
frequency. It is by all means possible to use some other
operating frequencies or technologies as well. The re-
quired computation and control may thus be distributed,
if desired, between the computer 14 in the technical room
and an external computer (for example a computer in a
"control room" which is described in more detail below).
[0032] The technical room 18 also accommodates a
separate logic unit 16 that functions as the actual con-
troller between the server 14 and the anti-freeze agent
supply apparatus 11. Required between the server 14
and the logic unit 16 is a router 17 which additionally
provides a fiber connection to the monitoring devices that
further monitor the road surface. The router 17 may also
have a proper radio connection. Provided from the tech-
nical room 18 is also voltage feed to separate power sup-
ply modules 19 to be disposed on the roadside and trans-
ferring electrical energy to the cameras as well as to other
elements that need to be powered, such as the weather
station 10 and the optional pumps or valves. In one em-
bodiment of the invention, one or more fluid containers
11 containing the anti-freeze agent are specifically dis-
posed inside the technical room 18, wherein the outward
fluid supply is controlled by the logic unit 16. Also other
alternative techniques, devices and routings between
them can be used to provide the functionalities of the
above-described technical room.
[0033] From the technical room 18, it is possible to
establish a telecommunication connection for example
to the premises of a system administering party (such as
the above-mentioned control room), wherein the moni-
toring data from the site of the apparatus, for example in
the form of camera images, temperature data and status
data of the apparatus (whether the apparatus is switched
on or off at the time of observation; whether any parts
have been damaged; and other functional parameters)
can be transferred to the administering party. In addition,
this allows remote control of the system. It can be, for
example, arranged so that the apparatus normally oper-
ates automatically using the technical room internal con-
trol process, but when a problem or a fault situation
emerges, a notification is sent to the control room. From
the control room, it is also possible to manually issue a
control command for switching the spraying on or off if
automatic control does not for some reason function as
desired.
[0034] The key feature in the control of the spraying

apparatus is anticipation; the anti-freeze agent can start
to be sprayed before any ice has even formed on the
road surface. On the other hand, for example in the case
of snowfall, it is important to measure the ratio of ice and
water on the road surface by the monitoring devices so
as to determine the slipperiness, wherein the spraying
can be started right when the slippery conditions develop,
or even before that. Another key feature is the sparing
and optimized spraying, i.e. the anti-freeze agent is
sprayed only when it is necessary.
[0035] In the present invention, the essential idea is
the control of the spraying nozzles, which is performed
intelligently. The weather station provides information
about the weather, the temperature on the road surface
as well as in the air at the time of observation, and also
about the variation trend of the above-mentioned varia-
bles, meaning in this context the rate of temperature
change. In addition, information is provided about the
quantities of water and ice and their relative ratio on the
road surface. These can be combined with an estimate
about the development of the weather and the tempera-
ture in the near future, issued from weather reports. Start
conditions for activating the spraying may be set for the
control logic of the apparatus. A start condition may for
example state that temperature at the time of observation
sinks below +3 degrees, the temperature trend is de-
scending, the weather report forecasts frosty weather
and the road surface is wet at the time of observation,
either from earlier precipitation or as determined by the
dew point measurement. Another example of a start con-
dition for activating the spraying may be that the quantity
of ice exceeds a preset threshold value in the ice-water
mixture on the road surface. The conditions for the control
logic may be set before the apparatus in brought to use,
or they may be changed later in situ at the technical room
or remotely from the control room.
[0036] In one embodiment of the invention, it is possi-
ble to set a number of different programs for the spraying
operation according to the conditions. Examples of the
conditions include "black ice", "snowfall" and "subcool
rain". The control logic selects the program which best
corresponds to the conditions according to the measure-
ment data from the weather station. An example may be
a situation of a heavy snowstorm where it is not appro-
priate to keep the spraying apparatus active at all be-
cause, in this case, it is simply not possible to melt the
snow with the anti-freeze agent.
[0037] As to the above use of programs, it is possible
to apply for example "a rush-hour program", "a quiet traf-
fic program" or "a night-time program" in the invention.
In the rush-hour algorithm, the anti-freeze agent distrib-
uting effect of the traffic can be taken into account, so
that the required amount of the anti-freeze agent may be
reduced. In the night-time program, on the other hand,
quiet traffic combined with increased probability of slip-
pery roads may be taken into account. In this case, the
weather station may be set to carry out monitoring in a
faster cycle than usually, or the spraying operation may
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be switched on more readily than in the "normal pro-
gram".
[0038] In one embodiment of the invention, the nozzle
20 to 25 comprises six spraying directions as can be seen
from Fig. 2. The figure represents an example of one
nozzle as seen from different directions in cross-sectional
view. Thanks to the many spraying directions, the anti-
freeze agent can be directed circularly sufficiently evenly
in different directions. The anti-freeze agent spraying an-
gle as viewed upwardly from the ground plane can also
be adjusted, where necessary, by varying the direction
angle of the slope 26 next to the opening 27. Similarly,
it is possible to change the diameter of the nozzle opening
27. In this connection, the fluid pressure as well as the
flow rate of the nozzle can also be measured.
[0039] In the above-mentioned spraying programs, the
essential variable is the duration of the spraying. On one
hand, the spraying may be carried out as a non-recurrent
operation which is switched on and off only once; another
alternative is to carry out the spraying in pulses for the
desired period of time. In this case, the spraying switch-
on time may be adjusted and, similarly, the length of
breaks between spraying periods may be specifically set.
[0040] In one embodiment of the invention, particular
nozzles may be specifically selected from the set of noz-
zles to spray the anti-freeze agent. In other words, each
of the nozzles may be controlled separately so as to pro-
vide even more precise controllability to the application
of the agent. Further, the amount of fluid applied by the
nozzle (absolutely or in view of the application rate) and
the active state of the nozzle may be freely adjusted.
[0041] It should be noted that application of a potassi-
um formiate solution on a road surface covered with an
ice-water mixture, and the consequent melting of the ice,
thins further down the concentration of the potassium
formiate solution, whereby its frost resistance becomes
reduced. On the other hand, the traffic itself distributes
the anti-freeze agent on the road surface over a larger
area. Combining this with the constantly varying weather
conditions, it is essential that after an appropriate time
from the application of the agent it should be checked
whether it is necessary to add more of the anti-freeze
agent. On the other hand, it is not appropriate to add the
agent to no effect to keep the costs from rising too much
due to the anti-freeze agent consumption. For this rea-
son, the road surface is monitored at suitable intervals
after application of the agent. Based on this monitoring
data combined with the measurement data from the
weather station and the forecast provided by the weather
report, the control logic determines whether the spraying
apparatus must be switched on again with a given pro-
gram. The objective is to utilize the constant monitoring
of the road surface and the automatic control of the spray-
ing apparatus to ensure safety of the road surface from
the skidding perspective as well as possible.
[0042] In one embodiment of the invention, the meas-
urement parameters from the weather station and the
spraying apparatus use data parameters from the control

logic may be collected in a log file specific for each site
over a desired period. The log file may be saved for ex-
ample on the computer in the technical room so as to be
accessible to the control logic. Thus, the log data may
be further used for improving the operation of the control
logic, i.e. the intelligence of the apparatus. The longer
the period of time for which the apparatus has been used
at a certain site, the more useful is the log data for opti-
mization of the spraying. For example, if on a clear late
autumn night the temperature has sunk down to -5 de-
grees at the coldest, and it is known for example that
pulsed hourly spraying between 01 and 07 o’clock has
been sufficient to keep the road surface unfrozen, it can
be determined that in an equivalent weather (and based
on the information provided by the weather report) the
spraying need not be intensified from the above-men-
tioned cycle.
[0043] The nozzles of the spraying apparatus may be
installed for example between the traffic lanes in the case
of a two-lane road or on the shoulder barrier in the case
of an undivided road. The nozzles are embedded in the
road so that their upper surface does not deviate signif-
icantly from the road surface level. The nozzle and the
supply pipeline may be installed in a hole and a track on
the road surface, and, after installation of the nozzle ap-
paratus, the void left in the hole may be filled with suitable
filling material.
[0044] In one embodiment of the present invention, the
apparatus comprises a warming element in the immedi-
ate proximity of each nozzle, respectively. The warming
element may be a self-adjusting warming cable or a ther-
mal resistance, the operation of each of them being con-
trolled separately. The warming cable may be installed
below the nozzle in the form of a coil. The objective of
the warming is to ensure that the nozzles stay unfrozen
in all weather conditions.
[0045] In one embodiment of the invention, a temper-
ature sensor is installed in the immediate connection to
each nozzle, wherein the sensor is able to measure the
temperature at the opening of the nozzle without the op-
tional external warming element being able to warm the
sensor directly.
[0046] The method of controlling the spraying nozzles
according to the present invention may be carried out as
a computer program stored on a computer-readable me-
dium. The computer program may be run, in a preferred
embodiment, by the processor of the computer disposed
in the technical room. Another alternative is to run the
computer program on an external computer used for the
control.
[0047] The invention is not limited merely to the exem-
plifying embodiments referred to above; instead, many
variations are possible within the scope of the inventive
idea defined by the claims.
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Claims

1. A method for applying anti-freeze agent over a mon-
itored surface by a spraying apparatus, wherein the
apparatus comprises at least one nozzle, a fluid con-
tainer, a pipeline between the fluid container and the
nozzles, and control logic for the apparatus, char-
acterized in that the method comprises the steps of:

measuring at least one of the following param-
eters: quantity of ice in aqueous solution, out-
side-air temperature, temperature of the moni-
tored surface, temperature of the nozzles, at-
mospheric humidity, strength of wind, intensity
and type of precipitation, image of the monitored
surface;
activating spraying of the agent from at least one
nozzle when a desired start condition is fulfilled,
wherein the start condition is a function of at least
one measured parameter;
re-measuring said parameters; and
stopping the spraying of the agent when, based
on the re-measured parameters, the control log-
ic determines that friction of the monitored sur-
face stays sufficiently high.

2. The method according to claim 1, characterized in
that the monitored surface is a traffic way.

3. The method according to claim 1, characterized in
that the method further comprises the steps of:

establishing an image of the monitored surface
in advance when the surface is dry and unfro-
zen:

establishing an image of the monitored sur-
face at the time of observation; and
based on the change in said images, deter-
mining the possible presence of water
and/or ice on the surface, which information
is transferred to the control logic.

4. The method according to claim 1, characterized in
that the method further comprises the steps of:

collecting the measured parameters and status
data of the apparatus to a control logic server;
and
sending an alarm to an external control room if
any part of the apparatus is damaged or if the
conditions on the monitored surface become
dangerous.

5. The method according to claim 1, characterized in
that the method further comprises the steps of:

determining the current weather by the meas-

ured parameters; and
selecting an operation mode for the spraying
based on the weather and/or the time of obser-
vation.

6. The method according to claim 5, characterized in
that said operation mode is a preset operation mode
for black ice, snowfall, subcool rain, rush hour, quiet
traffic or night-time, which provides periodically or
non-recurrently, for each nozzle and as a function of
time, a control signal that determines the active state
of the nozzle.

7. The method according to claim 1, characterized in
that the method further comprises the steps of:

monitoring the variation trend of the parameters
as a function of time;
supplying a current weather report to the control
logic; and
determining the need to activate the spraying
based on the parameters, the variation trend
thereof and the weather report.

8. The method according to claim 1, characterized in
that the method further comprises the step of:

adjusting the spraying angle, the opening diam-
eter and the supply pressure of the desired noz-
zles.

9. The method according to claim 1, characterized in
that the method further comprises the steps of:

collecting the measurement parameters and the
apparatus use parameters in a log file; and
using the log file data to optimize the use of the
nozzles.

10. A system for applying anti-freeze agent over a mon-
itored surface by a spraying apparatus, wherein the
system comprises:

at least one nozzle (13, 20-25, 31);
a fluid container (11); and
a pipeline (12) between the fluid container and
the nozzles;
characterized in that the system further com-
prises:
sensors (10) for measuring at least one of the
following parameters: quantity of ice in aqueous
solution, outside-air temperature, temperature
of the monitored surface, temperature of the
nozzles, atmospheric humidity, strength of wind,
intensity and type of precipitation, image of the
monitored surface;
a technical room (18) including a processor (14),
control logic (16) for the apparatus and a mem-
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ory unit (14); wherein
at least one nozzle (13, 20-25, 31) has been
arranged to start spraying the agent when a de-
sired start condition is fulfilled, wherein the start
condition is a function of at least one measured
parameter;
the sensors (10) have been arranged to re-
measure said parameters; and
at least one nozzle (13, 20-25, 31) has been
arranged to stop spraying the agent when,
based on the re-measured parameters, the con-
trol logic (16) determines that friction of the mon-
itored surface stays sufficiently high.

11. The system according to claim 10, characterized
in that the system further comprises:

at least one warming element for warming at
least one nozzle (13, 20-25, 31), respectively,
so as to ensure that the nozzles stay unfrozen
in all conditions.

12. The system according to claim 10, characterized
in that the system further comprises:

a control room which can be contacted from the
technical room (18) to transfer the measurement
parameters and control commands between
them.

13. The system according to claim 10, characterized
in that the system further comprises:

a separate weather station (10) arranged to
measure the above-mentioned parameters con-
tinuously or at the desired times.

14. The system according to claim 10, characterized
in that the system further comprises:

at least one camera for taking an image of the
monitored surface at the desired times, wherein
the received image signal is in the range of a
desired frequency band.

15. A computer program for applying anti-freeze agent
over a monitored surface by a spraying apparatus
comprising at least one nozzle, a fluid container, a
pipeline between the fluid container and the nozzles,
and control logic for the apparatus, characterized
in that the computer program comprises program
code which, when run on a data-processing device,
has been arranged to execute the steps of:

controlling a measurement of at least one of the
following parameters: quantity of ice in aqueous
solution, outside-air temperature, temperature
of the monitored surface, temperature of the

nozzles, atmospheric humidity, strength of wind,
intensity and type of precipitation, image of the
monitored surface;
controlling an activation of spraying of the agent
from at least one nozzle when a desired start
condition is fulfilled, wherein the start condition
is a function of at least one measured parameter;
controlling a re-measurement of said parame-
ters; and
commanding the spraying of the agent to be
stopped when, based on the re-measured pa-
rameters, the control logic determines that fric-
tion of the monitored surface stays sufficiently
high.
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