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(57) A method and apparatus for detecting an icing
condition. The apparatus comprises a sensor system
(206) and an icing condition detector. The sensor system
is configured to collect drops of water (222) from air on
an exterior of an aircraft and generate a number of im-

ages of the drops of water collected. The icing condition
detector is configured to detect a presence of a number
of types of icing conditions for the aircraft using the
number of images from the sensor.
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Description

BACKGROUND INFORMATION

Field:

[0001] The present disclosure relates generally to de-
tecting icing conditions and, in particular, to detecting ic-
ing conditions for an aircraft. Still more particularly, the
present disclosure relates to detecting supercooled
drops of water, including supercooled large drops (SLD)
for aircraft.

Background:

[0002] In aviation, icing on an aircraft may occur when
atmospheric conditions lead to the formation of ice on
the surfaces of the aircraft. Further, this ice also may
occur within the engine. Ice forming on the surfaces of
the aircraft, on inlets of an engine, and on other locations
is undesirable and potentially unsafe for operating the
aircraft.
[0003] Icing conditions may occur when drops of su-
percooled liquid water are present. In these illustrative
examples, water is considered to be supercooled when
the water is cooled below the stated freezing point for
water but is still in a liquid form. Icing conditions may be
characterized by the size of the drops, the liquid water
content, air temperature, and other parameters. These
parameters may affect the rate and extent at which ice
forms on an aircraft.
[0004] When icing occurs, the aircraft does not operate
as desired. For example, ice on the wing of an aircraft
will cause the aircraft to stall at a lower angle of attack
and have an increased drag.
[0005] Aircraft may have mechanisms to prevent icing,
remove ice, or some combination thereof to handle these
icing conditions. For example, aircraft may include icing
detection, prevention, and removal systems. Ice may be
removed using deicing fluid, infrared heating, and other
suitable mechanisms.
[0006] Aircraft may be certified for operation during dif-
ferent types of icing conditions. Some aircraft may be
certified to operate in normal icing conditions, but not
those that include supercooled large drops. Currently
used sensor systems are unable to differentiate between
normal and supercooled large drop icing conditions.
Therefore, it would be desirable to have a method and
apparatus that takes into account at least some of the
issues discussed above, as well as other possible issues.

SUMMARY

[0007] In one illustrative embodiment, an apparatus
comprises a sensor system and an icing condition de-
tector. The sensor system is configured to collect drops
of water from air on an exterior of an aircraft and generate
a number of images of the drops of water collected. The

icing condition detector is configured to detect a presence
of a number of types of icing conditions for the aircraft
using the number of images from the sensor.
[0008] In another illustrative embodiment, an icing con-
dition detection system comprises a group of sensor units
and an icing condition detector. The group of sensor units
is configured to generate information about a number of
types of icing conditions outside of an aircraft. A sensor
unit in the group of sensor units comprises a number of
probes configured to collect the drops of water from the
air on the exterior of the aircraft and a camera system
configured to generate the number of images of the drops
of water collected by the number of probes. The icing
condition detector is configured to detect a presence of
the number of types of icing conditions for the aircraft
using the number of images from the camera system.
[0009] In yet another illustrative embodiment, a meth-
od for detecting an icing condition is provided. Drops of
water are collected from air on an exterior of an aircraft.
A number of images of the drops of water collected is
generated. A determination is made as to whether a
number of types of icing conditions for the aircraft is
present using the number of images from the sensor sys-
tem.
[0010] According to an aspect of the invention there is
provided an apparatus comprising a sensor system con-
figured to collect drops of water from air on an exterior
of an aircraft and generate a number of images of the
drops of water collected, and an icing condition detector
configured to detect a presence of a number of types of
icing conditions for the aircraft using the number of im-
ages from the sensor system.
[0011] The icing condition detector may be further con-
figured to perform an operation in response to detecting
a presence of at least one of a first type of icing condition
and a second type of icing condition.
[0012] The operation may be selected from at least
one of generating an alert, activating an anti-icing sys-
tem, generating a log entry, and sending a report.
[0013] The sensor system may comprise a number of
probes configured to collect the drops of water from the
air on the exterior of the aircraft, and a camera system
configured to generate the number of images of the drops
of water collected by the number of probes.
[0014] The number of probes may be configured to ex-
tend into the air on the exterior of the aircraft and retract
the number of probes out of the air on the exterior of the
aircraft into an interior of the aircraft.
[0015] The number of probes may be configured to pe-
riodically extend into the air on the exterior of the aircraft
and retract out of the air on the exterior of the aircraft.
[0016] The apparatus may further comprise a housing,
wherein the camera system is located within the housing
and the number of probes is configured to extend into
the air on the exterior of the aircraft from the housing and
retract out of the air on the exterior of the aircraft into the
housing, and a motor system configured to move the
number of probes to extend into the air on the exterior of
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the aircraft from the housing and retract out of the air on
the exterior of the aircraft into the housing.
[0017] The icing condition detector may be configured
to analyze the number of images to identify a type of icing
condition for the aircraft when the drops of water collected
are frozen drops of water.
[0018] The icing condition detector may be located in
one of the camera system, a housing, and a computer
system in the aircraft.
[0019] The icing condition detector may be configured
to analyze the number of images to identify the type of
icing condition for the aircraft when the drops of water
collected are frozen drops of water by comparing a size
of the frozen drops of water in the number of images with
a drop database of drop sizes for frozen drops of water.
[0020] The number of types of icing conditions may
comprise a first type of icing condition and a second type
of icing condition.
[0021] The first type of icing condition may be caused
by first drops having a first number of sizes from about
0.00465 millimeters in diameter to about 0.111 millime-
ters in diameter and the second type of icing condition is
caused by second drops having a second number of siz-
es from about 0.112 millimeters in diameter to about 2.2
millimeters in diameter.
[0022] The second type of icing condition may be a
supercooled large drop type of icing condition.
[0023] Also disclosed is an icing condition detection
system comprising a group of sensor units configured to
generate information about a number of types of icing
conditions outside of an aircraft, wherein a sensor unit in
the group of sensor units comprises a number of probes
configured to collect drops of water from air on an exterior
of the aircraft and a camera system configured to gen-
erate a number of images of the drops of water collected
by the number of probes, and an icing condition detector
configured to detect a presence of the number of types
of icing conditions for the aircraft using the number of
images from the camera system.
[0024] The icing condition detection system may fur-
ther comprise an anti-icing system configured to remove
ice from a surface of the aircraft when the presence of
the number of types of icing conditions is present.
[0025] According to another aspect of the invention,
there is provided a method for detecting an icing condi-
tion, the method comprising collecting drops of water
from air on an exterior of an aircraft, generating a number
of images of the drops of water collected, and determining
whether a number of types of icing conditions for the air-
craft is present using the number of images from a sensor
system.
[0026] The method may further comprise performing
an operation when the number of types of icing conditions
is present.
[0027] The collecting step may comprise moving a
number of probes to extend into the air on the exterior of
the aircraft and retract out of the air on the exterior of the
aircraft into an interior of the aircraft, and wherein the

generating step may comprise generating the images of
the drops of water collected on the number of probes as
frozen drops of water when the number of probes are
retracted out of the air on the exterior of the aircraft into
the interior of the aircraft.
[0028] The collecting step may further comprise melt-
ing the frozen drops of water after generating the images
and prior to moving the number of probes to extend back
into the air on the exterior of the aircraft.
[0029] The determining step may comprise differenti-
ating between a first type of icing condition and a second
type of icing condition.
[0030] The features and functions can be achieved in-
dependently in various embodiments of the present dis-
closure or may be combined in yet other embodiments
in which further details can be seen with reference to the
following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The novel features believed characteristic of the
illustrative embodiments are set forth in the appended
claims. The illustrative embodiments, however, as well
as a preferred mode of use, further objectives and fea-
tures thereof, will best be understood by reference to the
following detailed description of an illustrative embodi-
ment of the present disclosure when read in conjunction
with the accompanying drawings, wherein:

Figure 1 is an illustration of an aircraft in accordance
with an illustrative embodiment;
Figure 2 is an illustration of a block diagram of an
icing condition detection environment in accordance
with an illustrative embodiment;
Figure 3 is an illustration of a block diagram of a
sensor unit in accordance with an illustrative embod-
iment;
Figure 4 is an illustration of a sensor unit on an air-
craft in accordance with an illustrative embodiment;
Figure 5 is an illustration of a sensor unit in accord-
ance with an illustrative embodiment;
Figure 6 is another illustration of a sensor unit in
accordance with an illustrative embodiment;
Figure 7 is another illustration of a sensor unit in
accordance with an illustrative embodiment;
Figure 8 is yet another illustration of a sensor unit
in accordance with an illustrative embodiment;
Figure 9 is another illustration of a sensor unit in
accordance with an illustrative embodiment;
Figure 10 is an illustration of a cross-sectional view
of a sensor unit in accordance with an illustrative
embodiment;
Figure 11 is an illustration of an isometric view of a
sensor unit in accordance with an illustrative embod-
iment;
Figure 12 is an illustration of a flowchart of a process
for detecting an icing condition in accordance with
an illustrative embodiment; and
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Figure 13 is an illustration of a timing diagram for
detecting a number of types of icing conditions in
accordance with an illustrative embodiment.

DETAILED DESCRIPTION

[0032] The illustrative embodiments recognize and
take into account a number of different considerations.
For example, the different illustrative embodiments rec-
ognize and take into account that currently used systems
for detecting icing conditions on an aircraft are unable to
detect all of the different types of icing conditions that
may occur. For example, the different illustrative embod-
iments recognize and take into account that as the size
of the drops of water increase, currently used sensors
may not detect icing caused by those drops of water. The
different illustrative embodiments recognize and take into
account that the locations at which different sizes of drops
will collide with an airfoil during operation of an aircraft
change depending on the size of the drops.
[0033] The illustrative embodiments recognize and
take into account that it is desirable to detect different
types of icing conditions that may be caused by different
sizes of drops of water. In particular, the illustrative em-
bodiments recognize and take into account that it may
be desirable to detect drops of supercooled liquid water.
These drops may take the form of supercooled large
drops (SLD).
[0034] Thus, the illustrative embodiments provide a
method and apparatus for detecting different types of ic-
ing conditions. In one illustrative embodiment, a method
and apparatus are present for detecting an icing condi-
tion. Drops of water are collected from the air on the ex-
terior of an aircraft. A number of images of the drops of
water collected are generated. A determination is made
as to whether a number of types of icing conditions for
the aircraft is present using the images. In these illustra-
tive examples, the phrase "number of" when used with
reference with items mean one or more items. For ex-
ample, number of images is one or more images.
[0035] With reference now to the figures and, in par-
ticular, with reference to Figure 1, an illustration of an
aircraft is depicted in accordance with an illustrative em-
bodiment. In this illustrative example, aircraft 100 has
wing 102 and wing 104 attached to fuselage 106. Aircraft
100 also includes engine 108 attached to wing 102 and
engine 110 attached to wing 104.
Fuselage 106 has nose section 112 and tail section 114.
Nose section 112 is the forward part of aircraft 100, while
tail section 114 is the aft part of aircraft 100. Horizontal
stabilizer 116, horizontal stabilizer 118, and vertical sta-
bilizer 120 are attached to tail section 114 of fuselage
106.
[0036] Aircraft 100 is an example of a vehicle in which
icing condition detection system 122 may be implement-
ed. In this illustrative example, icing condition detection
system 122 includes sensor units 124 located on surface
126 of aircraft 100.

In this particular example, sensor units 124 include sen-
sor unit 128 and sensor unit 130. Sensor unit 128 is lo-
cated on side 132 of aircraft 100. Sensor unit 130 is lo-
cated on side 134 of aircraft 100. In this illustrative ex-
ample, sensor unit 134 is substantially opposite of sensor
unit 128 and is shown in phantom. In one illustrative ex-
ample, sensor unit 128 and sensor unit 130 may be lo-
cated substantially at horizontal center line 136 in aircraft
100. A more detailed illustration of sensor unit 128 in
location 138 on fuselage 106 is described in more detail
below.
[0037] In these illustrative examples, sensor units 124
are configured to collect drops of water that may be
present in the air around surface 126 of aircraft 100.
These drops of water may be analyzed to determine a
presence of a number of types of icing conditions. In
these illustrative examples, sensor units 124 may gen-
erate images of the drops of water for analysis. The anal-
ysis may indicate whether the drops of water are frozen
drops of water, the size of the drops of water, and other
suitable information that may be used to identify a pres-
ence of a number of types of icing conditions.
[0038] In these illustrative examples, these icing con-
ditions may occur at different altitudes and temperatures
that cause the formation of ice on aircraft 100. For ex-
ample, icing conditions may be present at an altitude from
about sea level to about 30,000 feet when the tempera-
ture is from about -40 degrees Celsius to about 0 degrees
Celsius. Of course, other altitudes and temperatures may
be present at which ice may be formed from water that
contacts surface 126 of aircraft 100. Icing conditions also
may be present when the liquid water content in the drops
is from about 0.4 to about 2.8 grams/cubic meter at the
altitude and temperature range described above.
[0039] In particular, the number of types of icing con-
ditions may include a first type of icing condition and a
second type of icing condition. In these illustrative exam-
ples, the first type of icing condition and the second type
of icing condition are caused by drops of water of different
sizes. Although the altitude, temperature, and liquid wa-
ter content ranges may be the same, one difference be-
tween the first and second types of icing conditions is the
drop size.
[0040] In the illustrative examples, the first type of icing
condition may be referred to as a normal icing condition.
The second type of icing condition may be referred to as
a supercooled large drop icing condition.
[0041] In these illustrative examples, the first type of
icing condition may be present when the size of the drops
is from about 0.00465 millimeters in diameter to about
0.111 millimeters in diameter. Drops with these sizes may
be referred to as normal drops. The second type of icing
condition may be present when the size of the drops in-
cludes drops that have a diameter greater than about
0.111 millimeters. Drops having a size greater than about
0.111 millimeters may be referred to as large drops and,
in particular, may be called supercooled large drops un-
der the altitude, temperature, and liquid water content
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conditions described above. For example, the drops may
have a diameter of a range from about 0.112 millimeters
to about 2.2 millimeters. In addition, the second type of
icing condition may include drops that are 0.111 millim-
eters or less when drops greater than 0.111 millimeters
are present.
[0042] As depicted, sensor units 124 are configured to
detect drops of water in a first number of sizes. Further,
sensor units 124 also are configured to detect drops of
water having a second number of sizes. These drops of
water may be in a liquid state, a frozen state, or some
combination thereof. In these illustrative examples, the
first number of sizes is smaller than the second number
of sizes.
[0043] For example, the first number of sizes may be
from about 0.00465 millimeters in diameter to about
0.111 millimeters in diameter. The second number of siz-
es may be from about 0.112 millimeters to about 2.2 mil-
limeters in diameter. The second number of sizes of the
drops of water may be drops of water that are considered
to be drops of supercooled water. These drops of super-
cooled water may be supercooled large drops.
[0044] The illustration of sensor units 124 are not
meant to imply limitations to the manner in which sensor
units may be implemented in other illustrative examples
for aircraft 100 and other aircraft or vehicles in which
detection of icing conditions is desired. For example, oth-
er numbers of sensor units may be used in addition to
sensor unit 128 and sensor unit 130 in sensor units 124.
For example, in other illustrative examples, five sensor
units, twelve sensor units, or some other suitable number
of sensor units may be employed.
[0045] These sensor units also may be placed in other
locations such as on vertical stabilizer 120, on engine
110, and other suitable locations. As another example,
sensor units 124 also may be positioned above horizontal
center line 136 on aircraft 100.
[0046] Turning now to Figure 2, an illustration of a
block diagram of an icing condition detection environ-
ment is depicted in accordance with an illustrative em-
bodiment. Icing condition detection environment 200 is
an environment in which ice detection may be performed
for vehicle 202. In this illustrative example, vehicle 202
may be aircraft 100 in Figure 1.
[0047] Icing condition detection system 204 may be
associated with vehicle 202. When one component is
"associated" with another component, the association is
a physical association in these depicted examples. For
example, a first component, icing condition detection sys-
tem 204, may be considered to be associated with a sec-
ond component, vehicle 202, by being secured to the
second component, bonded to the second component,
mounted to the second component, welded to the second
component, fastened to the second component, and/or
connected to the second component in some other suit-
able manner. The first component also may be connected
to the second component using a third component. The
first component may also be considered to be associated

with the second component by being formed as part of
and/or an extension of the second component.
[0048] In this illustrative example, icing condition de-
tection system 204 includes sensor system 206 and icing
condition detector 208. Icing condition detection system
204 is configured to detect a number of types of icing
conditions 210.
[0049] In particular, icing condition detection system
204 may be configured to detect whether the number of
types of icing conditions 210 are present where ice 212
may be formed on surface 214 of vehicle 202. In this
illustrative example, vehicle 202 may take a number of
different forms including aircraft 100 in Figure 1.
In the illustrative examples, sensor system 206 is a hard-
ware system and may include software. In these illustra-
tive examples, sensor system 206 is comprised of a
number of sensor units 216.
[0050] Each sensor unit in the number of sensor units
216 is associated with surface 214 of vehicle 202. In par-
ticular, number of sensor units 216 may be in locations
that are exposed to air 218. In particular, the number of
sensor units 216 may be positioned to be within airstream
220 in air 218 around vehicle 202.
[0051] Sensor system 206 is configured to detect drops
of water 222. In particular, the number of sensor units
216 in sensor system 206 may be configured to collect
drops of water 222 from air 218 on the exterior of vehicle
202. A number of drops of water 222 may be in a liquid
state, a frozen state, or some combination thereof. In
other words, the number of drops of water 222 may in-
clude frozen drops of water 228. Drops of water 222 may
freeze during the collection process performed by sensor
system 206 to collect drops of water 222 for analysis.
[0052] Additionally, sensor system 206 is configured
to generate a number of images 224 of drops of water
222 collected by sensor system 206. The number of im-
ages 224 of drops of water 222 may be analyzed by icing
condition detector 208.
[0053] As depicted, icing condition detector 208 is con-
figured to detect a presence of the number of types of
icing conditions 210 for vehicle 202 using the number of
images 224 generated by sensor system 206. Icing con-
dition detector 208 may be implemented using hardware,
software, or some combination thereof. When software
is used, the operations performed by icing condition de-
tector 208 may be implemented in program code config-
ured to run on a processor unit. When hardware is em-
ployed, the hardware may include circuits that operate
to perform the operations in icing condition detector 208.
[0054] In the illustrative examples, the hardware may
take the form of a circuit system, an integrated circuit, an
application specific integrated circuit (ASIC), a program-
mable logic device, or some other suitable type of hard-
ware configured to perform a number of operations. With
a programmable logic device, the device is configured to
perform the number of operations. The device may be
reconfigured at a later time or may be permanently con-
figured to perform the number of operations. Examples
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of programmable logic devices include, for example, a
programmable logic array, a programmable array logic,
a field programmable logic array, a field programmable
gate array, and other suitable hardware devices. Addi-
tionally, the processes may be implemented in organic
components integrated with inorganic components
and/or may be comprised entirely of organic components
excluding a human being. For example, the processes
may be implemented as circuits in organic semiconduc-
tors.
[0055] In one illustrative example, icing condition de-
tector 208 is configured to generate information 230
about drops of water 222 from images 224. In particular,
information 230 may include drop sizes 232 for drops of
water 222. Drop sizes 232 identified for drops of water
222 may be compared to drop sizes 234 in drop database
236. Drop sizes 234 in drop database 236 are sizes for
drops of water for different icing conditions in types of
icing conditions 210.
[0056] In these illustrative examples, drop sizes 232
may be identified from empirical data. The empirical data
may be generated from using drops with known sizes
that are collected by sensor system 206. For example,
the measurements may be images of drops of water 222
collected by sensor system 206 from air 218. Drops of
water 222 have drop sizes 225, which are known when
generating drop database 236.
[0057] For example, drop sizes 232 for drops of water
222 collected on devices such as probes may be different
from drops sizes 225 for drops of water 222 in air 218.
In other words, drops of water 222 in the air may have a
different size from when drops of water 222 adhere or
land on a surface of a device, such as a probe. Drop
sizes 232 may be correlated to drop sizes 225 when drop
sizes 225 are known. This information may be used to
create drop database 236 for identifying types of icing
conditions 210.
[0058] The comparison of drop sizes 232 for drops of
water 222 to drop sizes 234 in drop database 236 may
be performed in substantially real time. In other words,
as icing condition detector 208 detects drops of water
222 with drop sizes 232, drop sizes 232 are compared
to drop sizes 234 in drop database 236 as fast as possible
without intentional delay. In this manner, information 230
may be generated in substantially real time.
[0059] The comparison of drop sizes 232 for drops of
water 222 to drop sizes 234 in drop database 236 may
be used to identify a presence of a number of types of
icing conditions 210 around vehicle 202. In particular, the
type of icing condition or types of icing conditions in types
of icing conditions 210 may be identified from this com-
parison.
[0060] Additionally, icing condition detector 208 is con-
figured to perform an operation in response to detecting
a presence of one or more types of icing conditions 210.
In particular, types of icing conditions 210 may include a
first type of icing condition and a second type of icing
condition as described above.

[0061] The operation that may be performed by icing
condition detector 208 may include activating anti-icing
system 226. In this illustrative example, anti-icing system
226 may take a number of different forms. For example,
anti-icing system 226 may include at least one of an in-
frared heater, an electrical resistive heater, a de-icer
boot, and other suitable types of anti-icing devices. Anti-
icing system 226 may be used for at least one of reducing
the formation of icing, preventing the formation of ice,
and removing ice from the surfaces of vehicle 202 in
these illustrative examples.
[0062] As used herein, the phrase "at least one of",
when used with a list of items, means different combina-
tions of one or more of the listed items may be used and
only one of each item in the list may be needed. For
example, "at least one of item A, item B, and item C" may
include, without limitation, item A or item A and item B.
This example also may include item A, item B, and item
C or item B and item C. In other examples, "at least one
of" may be, for example, without limitation, two of item
A, one of item B, and ten of item C; four of item B and
seven of item C; and other suitable combinations.
[0063] Additionally, icing condition detector 208 also
may perform other operations in place of or in addition
to activating anti-icing system 226. For example, the oth-
er operations may include at least one of generating an
alert, generating a log entry, sending a report, or other
suitable types of operations.
[0064] In this manner, icing condition detection system
204 is configured to detect different types of icing condi-
tions 210. In these illustrative examples, icing condition
detection system 204 may provide for automated, real
time water drop measurement and for ice detection
based on a number of types of icing conditions 210 that
may be identified.
[0065] Turning now to Figure 3, an illustration of a
block diagram of a sensor unit is depicted in accordance
with an illustrative embodiment. Sensor unit 300 is an
example of one implementation of a sensor unit in sensor
units 216 for sensor system 206 in Figure 2.
[0066] Sensor unit 300 includes a number of different
types of components in this illustrative example. As de-
picted, sensor unit 300 includes housing 302, probes
304, actuator system 306, camera system 308, drop re-
mover 310, and controller 312.
[0067] Housing 302 is a physical structure in which the
other components in sensor unit 300 may be associated.
In particular, housing 302 may contain or hold the other
components in sensor unit 300.
[0068] In these illustrative examples, housing 302 may
take a number of different forms. For example, housing
302 may have a shape such as a cylinder, a cube, a
cuboid, a frustum, and other suitable shapes. Housing
302 may be comprised of one or more different types of
materials. For example, housing 302 may be comprised
of at least one of a metal, a plastic, aluminum, titanium,
a composite material, and other suitable types of mate-
rials.
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Probes 304 are physical structures configured to collect
drops of water from the air around the vehicle. In these
illustrative examples, probes 304 may extend into the air
on the exterior of the vehicle and retract out of the air on
the exterior of the vehicle to collect drops of water that
may be present in the air around the exterior of the ve-
hicle. In particular, probes 304 may extend into the air
on the exterior of the vehicle from the housing and retract
out of the air on the exterior of the vehicle into the housing.
[0069] Actuator system 306 is configured to move
probes 304 to extend into the air and retract from the air.
In other words, actuator system 306 may cause probes
304 to move out of housing 302 and back into housing
302. In particular, the movement of probes 304 may be
such that only a portion of probes 304 are extended into
the air outside of housing 302 while another portion of
probes 304 are retracted out of the air inside of housing
302.
[0070] Actuator system 306 is a hardware system and
may be implemented using a number of different types
of actuators. For example, actuator system 306 may in-
clude components selected from a motor system such
as at least one of an electric motor, a pneumatic motor,
and other suitable types of components.
[0071] Camera system 308 is a hardware system and
is configured to generate images of drops of water that
may be collected on probes 304. In particular, camera
system 308 may generate images of the drops of water
when on the portion of probes 304 that are located within
housing 302.
[0072] Camera system 308 may be implemented using
one or more cameras. In these illustrative examples,
camera system 308 may be implemented using visible
light cameras. When camera system 308 includes one
or more visible light cameras, camera system 308 may
include a light source such as a light emitting diode or a
flash. This light source provides light for images of drops
of water taken by camera system 308 in conditions where
the amount of ambient light is insufficient for generating
images for analysis. For example, probes 304 may be
operated during a night flight of an aircraft with sensor
unit 300. The light or flash may be needed to generate
images of drops of water captured by probes 304 in this
example.
[0073] In other illustrative examples, other types of
camera systems may be used. For example, camera sys-
tem 308 may include an infrared camera.
[0074] Drop remover 310 is a hardware system and is
configured to remove frozen, liquid, or both frozen and
liquid drops of water that may be on probes 304. The
removal of the frozen drops of water may occur after cam-
era system 308 has generated the images. Drop remover
310 removes frozen drops of water on probes 304 prior
to probes 304 being extended back into the air on the
exterior of the vehicle outside of housing 302 in these
illustrative examples.
[0075] Drop remover 310 may be implemented using
a number of different types of deicing systems. For ex-

ample, drop remover 310 may be a heater configured to
melt any drops of water that are frozen on probes 304.
This heater may also be configured to evaporate the
drops of water on probes 304 that are not yet frozen.
Additionally, drop remover 310 may be a mechanical
structure that scrapes frozen drops of water off of probes
304. In still other illustrative examples, drop remover 310
may scrape liquid drops of water off of probes 304. In
other words, drop remover 310 may be a de-icing system,
a mechanical drop removal system, or a combination
thereof.
[0076] Controller 312 is a hardware device configured
to control the operation of sensor unit 300. In these illus-
trative examples, controller 312 may be implemented as
a circuit and may be an integrated circuit, a processor
unit, a programmable logic array, an application specific
integrated circuit, or some other suitable type of hard-
ware.
[0077] As depicted, controller 312 may control the op-
eration of actuator system 306 to move probes 304 into
and out of housing 302. Further, controller 312 also may
be configured to control the operation of camera system
308 to generate images of drops of water on probes 304.
Controller 312 also may be configured to control the op-
eration of drop remover 310 to remove frozen drops of
water or other ice from probes 304 prior to probes 304
being moved back outside of housing 302 to collect ad-
ditional drops of water.
[0078] The illustration of icing condition detection en-
vironment 200 and the different components in icing con-
dition detection environment 200 in Figure 2 and Figure
3 are not meant to imply physical or architectural limita-
tions to the manner in which an illustrative embodiment
may be implemented. Other components in addition to
or in place of the ones illustrated may be used. Some
components may be unnecessary. Also, the blocks are
presented to illustrate some functional components. One
or more of these blocks may be combined, divided, or
combined and divided into different blocks when imple-
mented in an illustrative embodiment.
[0079] For example, although icing condition detector
208 is shown as a separate component from sensor sys-
tem 206, icing condition detector 208 may be distributed
in sensor units 216 in addition to being a separate com-
ponent or in place of being a separate component. Icing
condition detector 208 may be located in a camera sys-
tem, a housing, a computer system, or in some other
suitable location in aircraft 100. In still other illustrative
examples, sensor system 206 may include other types
of sensors configured to detect the presence of ice 212
on surface 214 of vehicle 202, or to detect types of icing
conditions 210 that may be present around vehicle 202.
[0080] In another illustrative example, vehicle 202 may
take other forms other than aircraft 100. For example,
vehicle 202 may be selected from one of, for example,
without limitation, a personnel carrier, a tank, a train, an
automobile, a bus, a spacecraft, a surface ship, and other
suitable vehicles.
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[0081] Turning now to Figure 4, an illustration of a sen-
sor unit on an aircraft is depicted in accordance with an
illustrative embodiment. As depicted, a more detailed il-
lustration of sensor unit 128 at location 138 in Figure 1
is shown.
[0082] In this view, sensor unit 128 has housing 400,
which is substantially flush to surface 126 of fuselage
106 in aircraft 100. As depicted, housing 400 includes
ports 402. In particular, ports 402 include port 404, port
406, and port 408.
[0083] In these illustrative examples, ports 402 provide
an ability for probes (not shown) to extend from housing
400 to the exterior of aircraft 100 and to retract into hous-
ing 400 into the interior of aircraft 100. These probes may
extend and retract to collect drops of water in these illus-
trative examples.
[0084] Although the components in Figure 4 are
shown in a particular configuration, other configurations
of housing 400 and ports 402 may be implemented in an
illustrative embodiment. The design of sensor unit 128
may be based on unique aircraft configurations in some
illustrative examples.
[0085] Turning now to Figure 5, an illustration of a sen-
sor unit is depicted in accordance with an illustrative em-
bodiment. In this example, probe 500 extends from port
404. Probe 500 may collect drops of water from air around
aircraft 100 when in this extended state on the exterior
of housing 400 and aircraft 100.
[0086] As depicted, probe 500 has viscous portion 502.
Viscous portion 502 may be a coating on the surface of
probe 500, an attachment to probe 500, or attached to
probe 500 in some other suitable fashion. Viscous portion
502 may be comprised of a different type of material than
probe 500. For example, viscous portion 502 of probe
500 may be comprised of a smooth but erosion-resistant
material such as silicon rubber, polytetrafluoroethylene,
an oily or waxy resin, or other suitable types of material.
The material selected for viscous portion 502 of probe
500 may be selected such that viscous portion 502 col-
lects drops of water.
[0087] In these illustrative examples, viscous portion
502 of probe 500 is configured such that all of viscous
portion 502 may retract into housing 400 through port
404. In this manner, viscous portion 502 with drops of
water may be photographed and images generated may
be analyzed by sensor unit 128.
[0088] Although the depicted example shows viscous
portion 502 as a small portion of probe 500, viscous por-
tion 502 may be larger depending on the particular im-
plementation. For example, viscous portion 502 may be
configured to cover the entire surface of probe 500. In
still other illustrative examples, viscous portion 502 of
probe 500 may be smaller than depicted in this figure.
[0089] Turning now to Figure 6, another illustration of
a sensor unit is depicted in accordance with an illustrative
embodiment. In this view, probe 500 moves in the direc-
tion of arrow 600 to retract into housing 400 through port
404. Additionally, probe 602 moves in the direction of

arrow 604 to extend outwards to the exterior of housing
400 through port 406.
[0090] In this illustrative example, probe 602 has vis-
cous portion 606. Viscous portion 606 of probe 602 is
similar to viscous portion 502 of probe 500. Viscous por-
tion 606 is comprised of a material configured to collect
drops of water on the surface of viscous portion 606.
[0091] As depicted, viscous portion 606 of probe 602
is configured such that all of viscous portion 606 may
retract into housing 400 through port 406. In this manner,
viscous portion 606 with drops of water may be photo-
graphed and analyzed by sensor unit 128. In some illus-
trative examples, viscous portion 606 may be smaller or
larger than shown in this figure, depending on the par-
ticular implementation.
[0092] Next, in Figure 7, another illustration of a sensor
unit is depicted in accordance with an illustrative embod-
iment. In this view, probe 602 is shown in a fully extended
state outside of housing 400 and probe 500 has been
fully retracted into the interior of housing 400.
[0093] With reference now to Figure 8, yet another il-
lustration of a sensor unit is depicted in accordance with
an illustrative embodiment. In this example, probe 602
moves in the direction of arrow 800 to retract into the
interior of housing 400 through port 406. Probe 802
moves in the direction of arrow 804 to extend outwards
to the exterior of housing 400 through port 408.
[0094] As depicted, probe 802 has viscous portion 808.
Viscous portion 808 of probe 802 is similar to viscous
portion 502 of probe 500 and viscous portion 606 of probe
602. Viscous portion 808 is comprised of a material con-
figured to collect drops of water on the surface of viscous
portion 808.
[0095] As depicted, viscous portion 808 of probe 802
is configured such that all of viscous portion 808 may
retract into housing 400 through port 408. In this manner,
viscous portion 808 with drops of water may be photo-
graphed and analyzed by sensor unit 128. In some illus-
trative examples, viscous portion 808 may be smaller or
larger than shown in this figure, depending on the par-
ticular implementation.
[0096] In Figure 9, another illustration of a sensor unit
is depicted in accordance with an illustrative embodi-
ment. In this illustrative example, probe 802 is shown as
being fully extended on the exterior of housing 400 and
probe 602 has been fully retracted into the interior of
housing 400.
[0097] In the illustrative examples depicted in Figures
4-9, probes, such as probe 500, probe 602, and probe
802, may move in a manner such that one of the probes
may always be extended to collect drops of water when
the sensor unit 128 is used to detect a presence of a
number of types of icing conditions. In some examples,
a first probe such as probe 500 may be fully retracted
before a second probe, such as probe 602, is extended.
In other words, when viscous portion 502 of probe 500
reaches the interior of housing 400 in sensor unit 128 to
be analyzed, probe 602 with viscous portion 606 may be
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extended. In other illustrative examples, more than one
probe may be extended from housing 400 substantially
concurrently.
[0098] Turning now to Figure 10, an illustration of a
cross-sectional view of a sensor unit is depicted in ac-
cordance with an illustrative embodiment. In this illustra-
tive example, a cross-sectional view of sensor unit 128
is shown taken along lines 10-10 in Figure 4.
[0099] As depicted, probe 500 with viscous portion
502, probe 602 with viscous portion 606, and probe 802
with viscous portion 808 are shown fully retracted into
the interior of housing 400. Probe 500 is operated by
actuator 1000, probe 602 is operated by actuator 1002,
and probe 802 is operated by actuator 1004 in these il-
lustrative examples. Actuator 1000, actuator 1002, and
actuator 1004 may be physical implementations for ac-
tuator system 306 in Figure 3.
[0100] Actuator 1000, actuator 1002, and actuator
1004 are configured to move probe 500, probe 602, and
probe 802, respectively, into the air and retract probe
500, probe 602, and probe 802 into housing 400. Actuator
1000, actuator 1002, and actuator 1004 are controlled
by controller 1006. Controller 1006 may be a physical
implementation for controller 312 in Figure 3.
[0101] In this example, drop remover 1008 is associ-
ated with probe 500, drop remover 1010 is associated
with probe 602, and drop remover 1012 is associated
with probe 802. Drop remover 1008, drop remover 1010,
and drop remover 1012 may be physical implementations
for drop remover 310 in Figure 3.
[0102] In this illustrative example, drop remover 1008,
drop remover 1010, and drop remover 1012 are shown
as internal coils in this example. In other illustrative ex-
amples, drop remover 1008, drop remover 1010, and
drop remover 1012 may be external heaters or associ-
ated with the surface of drop remover 1008, drop remover
1010, and drop remover 1012.
[0103] In still other illustrative examples, drop remover
1008, drop remover 1010, and drop remover 1012 may
be mechanical devices. These mechanical devices may
be configured to scrape ice or drops of water off of the
surfaces of probe 500, probe 602, and probe 802.
[0104] As depicted, camera system 1014 is present in
housing 400. Camera system 1014 is an example of a
physical implementation for camera system 308 in Fig-
ure 3. Camera system 1014 is configured to generate
images of probe 500, probe 602, and probe 802 when at
least one of probe 500, probe 602, and probe 802 is re-
tracted in housing 400. Camera system 1014 is also op-
erated by controller 1006 in these illustrative examples.
[0105] Turning now to Figure 11, an illustration of an
isometric view of a sensor unit is depicted in accordance
with an illustrative embodiment. In this example, sensor
unit 128 is shown such that probe 500, probe 602, probe
802, and the components in housing 400 are visible.
In this view, actuator 1000 has extended probe 500 into
the air. Viscous portion 502 is collecting drops of water
in this illustrative example. Probe 602 and probe 802 re-

main in the interior of housing 400.
[0106] The illustrations of sensor unit 128 in Figure 1,
and Figures 4-11 are not meant to imply limitations to
the manner in which sensor unit 300 may be implement-
ed. For example, other sensor units may have other num-
bers of probes other than the three probes shown for
sensor unit 128. For example, a sensor unit may include
only a single probe, four probes, or some other suitable
number of probes. Further, the probes also may have
other shapes. For example, a probe may have a cross
section that is oval, rectangular, square, hexagonal, or
some shape other than the circular shape shown for
probe 500, probe 602, and probe 802.
[0107] Turning now to Figure 12, an illustration of a
flowchart of a process for detecting an icing condition is
depicted in accordance with an illustrative embodiment.
The process illustrated in Figure 12 may be implemented
in icing condition detection environment 200 in Figure 2.
In particular, this process may be implemented using ic-
ing condition detection system 204.
[0108] The process begins by collecting drops of water
from air on an exterior of a vehicle (operation 1200). A
number of images of the drops of water collected are
generated (operation 1202). The process then deter-
mines whether a number of types of icing conditions is
present using the number of images (operation 1204).
[0109] If a number of types of icing conditions is
present, an operation is performed (operation 1206) with
the process then returning to operation 1200. If a number
of types of icing conditions is not present, the process
also returns to operation 1200. This process may be re-
peated as long as monitoring for one or more icing con-
ditions is desired.
[0110] The flowcharts and block diagrams in the differ-
ent depicted embodiments illustrate the architecture,
functionality, and operation of some possible implemen-
tations of apparatuses and methods in an illustrative em-
bodiment. In this regard, each block in the flowcharts or
block diagrams may represent a module, a segment, a
function, and/or a portion of an operation or step. For
example, one or more of the blocks may be implemented
as program code, in hardware, or a combination of the
program code and hardware. When implemented in hard-
ware, the hardware may, for example, take the form of
integrated circuits that are manufactured or configured
to perform one or more operations in the flowcharts or
block diagrams.
[0111] In some alternative implementations of an illus-
trative embodiment, the function or functions noted in the
blocks may occur out of the order noted in the figures.
For example, in some cases, two blocks shown in suc-
cession may be executed substantially concurrently, or
the blocks may sometimes be performed in the reverse
order, depending upon the functionality involved. Also,
other blocks may be added in addition to the illustrated
blocks in a flowchart or block diagram.
[0112] Turning now to Figure 13, an illustration of a
timing diagram for detecting a number of types of icing
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conditions is depicted in accordance with an illustrative
embodiment. In this illustrative example, timing diagram
1300 shows the timing of a cycle of movement of the
probes in sensor unit 128 in Figures 4-11. Timing dia-
gram 1300 includes scale 1302 with elapsed time meas-
ured in seconds.
[0113] As depicted, timing diagram 1300 includes line
1304, line 1306, and line 1308. Line 1304 tracks the
movement over time of "probe A," line 1306 tracks the
movement over time of "probe B," and line 1308 tracks
the movement over time of "probe C." Probe A may cor-
respond to probe 500, probe B may correspond to probe
602, and probe C may correspond to probe 802 in Fig-
ures 4-11.
[0114] In this illustrative example, the cycle time for
probe A depicted by line 1304 consists of five seconds
in the air stream to sample drops of water in the air during
time period 1310, 20 seconds inside the housing to pho-
tograph and measure the drops during time period 1312,
and 35 seconds to heat or otherwise remove the drops
of water from the probe during time period 1314. After
the photograph of probe A is taken, an icing measure-
ment signal is latched for sixty seconds as shown during
time period 1316. A latched signal may be a signal that
is continuously transmitted. The signal may be latched
in order to minimize nuisance cycling of ice protection
systems. The cycle during time period 1310, time period
1312, and time period 1314 may repeat for any number
of times for probe A.
[0115] In this depicted example, line 1317 indicates
the signal being sent by probe A in sensor unit 128. This
signal may be sent to the flight deck of the aircraft or to
other suitable locations to be used in initiating operation
of an anti-icing system or other suitable anti-icing meas-
ures. This signal may be sent continuously between cy-
cles of probe A.
[0116] As depicted, probe B follows the same cycle as
probe A but the cycle is offset by 15 seconds. Line 1306
shows the collection, image generation, and drop remov-
al portions of this cycle over time. Line 1318 indicates a
signal being sent to the flight deck from probe B in sensor
unit 128.
[0117] In this example, probe C also follows the same
cycle as probe A and probe B. The cycle time for probe
C depicted by line 1306 is delayed by 30 seconds in this
illustrative example. Line 1320 indicates a signal being
sent to the flight deck from probe C.
[0118] In this manner, sensor unit 128 continuously
provides information to the flight deck about icing condi-
tions for the aircraft. As a result, the aircraft may prevent
or remove ice, water, or both ice and water from the sur-
face of the aircraft in substantially real time such that the
aircraft operates as desired when icing conditions are
present.
[0119] Thus, the illustrative embodiments provide a
method and apparatus for detecting different types of ic-
ing conditions. With the use of an illustrative embodiment,
the icing condition detection system may differentiate be-

tween types of icing conditions. Thus, the illustrative em-
bodiments provide more-detailed information about icing
conditions than currently used icing detection systems
that are unable to differentiate between normal and su-
percooled large drop icing conditions.
[0120] Further, the illustrative embodiments can accu-
rately measure drop size. These measurements may be
made by comparing images of the drops of water collect-
ed on the probes to images stored in a database. More-
over, the illustrative embodiments may be operated using
less power than currently used icing detection systems.
For example, the sensor unit may be placed on "stand-
by" until icing conditions are present.
[0121] Additionally, with the use of an illustrative em-
bodiment, aircraft operators do not have to rely on the
temperature of the aircraft to determine icing conditions.
As ice accumulates on the probe, the icing condition de-
tection system analyzes and classifies the type of icing
condition present in the environment around the aircraft.
This process alerts the flight deck of icing conditions
much more quickly than using other techniques and pro-
vides real time updates of the icing conditions surround-
ing the aircraft.
[0122] The description of the different illustrative em-
bodiments has been presented for purposes of illustra-
tion and description, and is not intended to be exhaustive
or limited to the embodiments in the form disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art.
[0123] Further, different illustrative embodiments may
provide different features as compared to other illustra-
tive embodiments. The embodiment or embodiments se-
lected are chosen and described in order to best explain
the principles of the embodiments, the practical applica-
tion, and to enable others of ordinary skill in the art to
understand the disclosure for various embodiments with
various modifications as are suited to the particular use
contemplated.

Claims

1. An apparatus comprising:

a sensor system 206 configured to collect drops
of water 222 from air on an exterior of an aircraft
100 and generate a number of images 224 of
the drops of water 222 collected; and
an icing condition detector 208 configured to de-
tect a presence of a number of types of icing
conditions 210 for the aircraft 100 using the
number of images 224 from the sensor system
206.

2. The apparatus of claim 1, wherein the icing condition
detector 208 is further configured to perform an op-
eration 1206 in response to detecting a presence of
at least one of a first type of icing condition and a
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second type of icing condition.

3. The apparatus of claim 1 or 2 , wherein the operation
is selected from at least one of generating an alert,
activating an anti-icing system, generating a log en-
try, and sending a report.

4. The apparatus of claim 1, 2 or 3, wherein the sensor
system 206 comprises:

a number of probes 304 configured to collect the
drops of water 222 from the air on the exterior
of the aircraft 100; and
a camera system 308 configured to generate
the number of images 224 of the drops of water
222 collected by the number of probes 304.

5. The apparatus of claims 1 to 4, wherein the number
of probes 304 is configured to extend into the air on
the exterior of the aircraft 100 and retract the number
of probes 304 out of the air on the exterior of the
aircraft 100 into an interior of the aircraft 100.

6. The apparatus of claims 1 to 5, wherein the number
of probes 304 is configured to periodically extend
into the air on the exterior of the aircraft 100 and
retract out of the air on the exterior of the aircraft 100.

7. The apparatus of claim 5 further comprising:

a housing 302, 400, wherein the camera system
308, 1014 is located within the housing 302 and
the number of probes 304 is configured to ex-
tend into the air on the exterior of the aircraft 100
from the housing 302, 400 and retract out of the
air on the exterior of the aircraft 100 into the
housing 302, 400; and
a motor system configured to move the number
of probes 304 to extend into the air on the exte-
rior of the aircraft 100 from the housing 302, 400
and retract out of the air on the exterior of the
aircraft 100 into the housing 302. 400.

8. The apparatus of claim 5, wherein the icing condition
detector 208 is configured to analyze the number of
images 224 to identify a type of icing condition for
the aircraft 100 when the drops of water 222 collected
are frozen drops of water 228 by comparing a size
of the frozen drops of water 228 in the number of
images 224 with a drop database 236 of drop sizes
225 for frozen drops of water 228.

9. The apparatus of claim 8, wherein the icing condition
detector 208 is located in one of the camera system
308, 1014 a housing 302, and a computer system in
the aircraft 100.

10. The apparatus of claim 2, wherein the first type of

icing condition is caused by first drops 222 having a
first number of sizes 225 from about 0.00465 millim-
eters in diameter to about 0.111 millimeters in diam-
eter and the second type of icing condition is caused
by second drops 222 having a second number of
sizes 225 from about 0.112 millimeters in diameter
to about 2.2 millimeters in diameter.

11. The apparatus of Claim 1 further comprising:

a group of sensor units 124, 216, wherein a sen-
sor unit 128, 130, 300 in the group of sensor
units 124, 216 comprises a number of probes
304 configured to collect drops of water from air
on an exterior of the aircraft 100 and a camera
system 308, 1014 configured to generate a
number of images 224 of the drops of water 222
collected by the number of probes 304; and
an anti-icing system 226 configured to remove
ice from a surface of the aircraft 100 when the
presence of the number of types of icing condi-
tions 210 is present.

12. A method for detecting an icing condition, the method
comprising:

collecting drops of water 222 from air on an ex-
terior of an aircraft 100;
generating a number of images 224 of the drops
of water 222 collected; and
determining whether a number of types of icing
conditions 210 for the aircraft 100 is present us-
ing the number of images 224 from a sensor
system 206.

13. The method of claim 12 further comprising:

performing an operation 1206 when the number
of types of icing conditions 210 is present.

14. The method of claim 12 or 13, wherein the collecting
step comprises:

moving a number of probes 304 to extend into
the air on the exterior of the aircraft 100 and
retract out of the air on the exterior of the aircraft
100 into an interior of the aircraft 100; and where-
in the generating step comprises:

generating the images 224 of the drops of
water 222 collected on the number of
probes 304 as frozen drops of water 228
when the number of probes 304 are retract-
ed out of the air on the exterior of the aircraft
100 into the interior of the aircraft 100.

15. The method of claim 14, wherein the collecting step
further comprises:
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melting the frozen drops of water 228 after gen-
erating the images 224 and prior to moving the
number of probes 304 to extend back into the
air on the exterior of the aircraft 100.
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