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(57) Abstract: An ice detection system (122) comprising afirst group of sensors (148) and a second group of sensors (170). The
first group of sensors (148) is located in afirst group of locations on an aircraft (100). The first group of sensors (148) in the first
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g configured to detect a second type of icing condition for the aircraft (100).



10

15

20

25

30

35

WO 2013/103453 PCT/US2012/066515

SUPERCOOLED LARGE DROP ICING CONDITION DETECTION SYSTEM

BACKGROUND

The present disclosure relates generally to detecting icing

conditions and, in particular, to icing conditions for an
aircraft. Still nore particularly, the present disclosure
relates to detecting supercooled water drops, including

supercooled large drops (SLD)

In aviation, icing on an aircraft may occur when the
atnospheric 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 other |ocations are undesirable and
potentially wunsafe for operating the aircraft.

Icing conditions my occur when drops of supercooled 1liquid
water are present. In these illustrative exanples, 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 tenperature, and other paraneters.
These paraneters nmay affect the rate and extent at which ice
forms on an aircraft.

When icing occurs, the aircraft does not operate as
desi red. For exanple, ice on the wing of an aircraft wll cause
the aircraft to stall at a lower angle of attack and have an
i ncreased drag.

Aircraft nmay have nechanisns to prevent icing, renove ice,
or sone conbination thereof to handle these icing conditions.
For exanple, aircraft may include icing detection, prevention,
and renoval systens. Ice may be renmoved using deicing fluid,
infrared heating, and other suitable mnechanisns.

Aircraft nmay be certified for operating during different
types of icing conditions. Some aircraft may be certified to
operate in normal icing conditions, but not those that include

1
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5 supercooled large drops. Currently used sensors are unable to
differentiate between normal and supercooled large drop icing
condi tions .

Therefore, it would be desirable to have a nethod and
apparatus that takes into account one or nore of the issues

10 discussed above as well as possibly other issues.
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SUMVARY

In one illustrative enbodinent, an ice detection system
conprises a first group of sensors and a second group of
sensors. The first group of sensors is located in a first group
of locations on an aircraft. The first group of sensors in the
first group of locations is configured to detect a first type of
icing condition for the aircraft. The second group of sensors
is located in a second group of locations on the aircraft. The
second group of sensors in the second group of locations is

configured to detect a second type of icing condition for the

aircraft .
In another illustrative enbodinent, an ice detection system
conprises a group of sensors and a processor unit. The group of

sensors is located in a group of locations on a surface of an
aircraft. The group of sensors in the group of locations is
configured to detect a supercooled large drop icing condition on
the surface of the aircraft. The processor unit is configured
to nmonitor data from the group of sensors and perform an action
in response to the data indicating a presence of the supercooled
large drop icing condition on the surface of the aircraft.

In yet another illustrative enbodinment, a nmethod for
detecting icing conditions for an aircraft is provided. A first
group of sensors located in a first group of l|locations on the
aircraft is nonitored for first data indicating a first type of
icing condition in the icing conditions for the aircraft. A
second group of sensors located in a second group of |ocations
on the aircraft is nonitored for second data indicating a second
type of icing condition in the icing conditions for the
aircraft. An action is initiated in response to detecting at
| east one of the first type of icing condition fromthe first
data and the second type of icing condition from the second

dat a .
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The features, functions, and advantages can be achi eved
i ndependently in various enbodinments of the present disclosure
or may be conbined in yet other enbodinents in which further
details can be seen with reference to the followi ng description

and draw ngs.
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BRI EF DESCRI PTI ON OF THE DRAW NGS

The novel features believed characteristic of the
illustrative enbodinents are set forth in the appended clains.
The illustrative enbodinments, however, as well as a preferred
node of use, further objectives, and features thereof wll best
be understood by reference to the following detailed description
of an illustrative enbodinment of the present disclosure when

read in conjunction with the acconpanying draw ngs, wherein:

Figure 1 is an illustration of an aircraft in accordance
with an illustrative enbodinent;

Figure 2 is an illustration of conponents in an ice
detection system in accordance with an illustrative enbodinent;

Figure 3 is an illustration of an airfoil in accordance
with an illustrative enbodinent;

Figure 4 is an illustration of a block diagram of a design
environnment in accordance with an illustrative enbodi nent;

Figure 5 is an illustration of a flowhart of a process for

detecting icing conditions for an aircraft in accordance with an
illustrative enbodi ment;

Figure 6 is an illustration of a flowhart of a process for
designing an ice detection system in accordance with an

illustrative enbodi ment;

Figure 7 is an illustration of a data processing system in
accordance with an illustrative enbodinent;

Figure 8 is an illustration of an aircraft manufacturing
and service method in accordance with an illustrative

enbodi ment; and
Figure 9 is an illustration of an aircraft in which an
illustrative enbodinent nay be inplenented.
DETAI LED DESCRI PTI ON
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The illustrative enbodinments recognize and take into
account a nunber of different considerations. For example, the
different illustrative enbodinments recognize 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
exanple, the different illustrative enbodinments 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 enbodinents
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 .

The illustrative enbodinments 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
wat er . In particular, the illustrative enbodinents recognize
and take into account that it may be desirable to detect drops
of supercooled liquid water. These drops may take the form of
supercool ed |arge drops.

Thus, one or nore illustrative enbodinments provide a method
and apparatus for detecting ice. In one illustrative
enbodi nent, an ice detection system conprises a first group of
sensors and a second group of sensors. The first group of
sensors is located in a first group of locations on an aircraft.
The first group of sensors in the first group of locations is
configured to detect a first type of icing condition for the
aircraft

A second group of sensors is located in a second group of
locations on the aircraft. The second group of sensors in the
second group of locations is configured to detect a second type

of icing condition for the aircraft. These two types of icing
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conditions are exanples of icing conditions that may occur in
different locations on the aircraft.

Wth reference now to the figures and, in particular, wth
reference to Figure 1, an illustration of an aircraft is
depicted in accordance with an illustrative enbodinent. In this
illustrative exanple, aircraft 100 has wing 102 and w ng 104
attached to fusel age 106. Aircraft 100 also includes engine 108
attached to wing 102 and engine 110 attached to wing 104.

Fusel age 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. Hor i zont al
stabilizer 116, horizontal stabilizer 118, and vertical
stabilizer 120 are attached to tail section 114 of fusel age 106.

Aircraft 100 is an exanple of an aircraft in which ice
detection system 122 nmay be inplenented in accordance wth an
illustrative enbodinent. In these illustrative exanples, ice
detection system 122 conprises sensors 124 on surface 126 of
aircraft 100. As depicted, sensors 124 include sensors 128,

130, 132, 134, 136, 138, 140, 142, 144, and 146. These sensors
form first group of sensors 148 in sensors 124 for ice detection
system 122.

Additionally, sensors 124 also include sensors 150, 152,
154, 156, 158, 160, 162, 164, 166, and 168. These sensors form
second group of sensors 170 in sensors 124 for ice detection
system 122. In the illustrative exanples, sensors 124 nay
detect when ice is formed on the sensors.

As depicted, first group of sensors 148 is in a first group
of locations on surface 126 of aircraft 100. First group of
sensors 148 is configured to detect a first type of icing
condition for aircraft 100. Second group of sensors 170 is in a
second group of locations on surface 126 of aircraft 100.

Second group of sensors 170 in the second locations is
configured to detect a second type of icing condition for
aircraft 100.
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In these illustrative exanples, these icing conditions may
occur at different altitudes and tenperatures that cause the
formation of ice on aircraft 100 . For exanple, icing conditions
may be present at an altitude from about sea |level to about
30,000 feet when the tenperature is from about -40 degrees
Celsius to about O degrees Celsius. Of course, other altitudes
and tenperatures nmay be present at which ice may be formed from
wat er that contacts surface 126 of aircraft 100 . Icing
conditions also nmay be present when the liquid water content in
the drops is from about 0.4 to about 2.8 grans/cubic neter at
the altitude and tenperature range described above.

As depicted, the first type of icing condition and the
second type of icing condition are caused by drops of water of
di fferent sizes. Al though the altitude, tenperature, and liquid
wat er content ranges nmay be the sane, one difference between the
first and second types of icing conditions is the drop size.

In these illustrative exanples, the first type of icing
condition may be present when the size of the drops is from
about 0.00465 millimeters in dianeter to about 0.111 mllinmeters
in dianmeter. Drops with these sizes may be referred to as
normal drops. The second type of icing condition nmay be present
when the size of the drops includes drops that have a dianeter
greater than about 0.111 mllineters. Drops having a size
greater than about 0.111 millimeters may be referred to as large
drops and, in particular, may be called supercooled I|arge drops
under the altitude, tenperature, and liquid water content
condi tions described above. For exanple, the drops nmay have a
di ameter of a range from about 0.112 nillinmeters to about 2.2
mllimeters. In addition, the second type of icing condition
may include drops that are 0.111 nillimeters or |ess when drops
greater than 0.111 millineters are present.

As depicted, first group of sensors 148 in the first group
of locations may be configured to detect ice formed by drops of
water in a first nunber of sizes. Second group of sensors 170

8
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in the second group of locations is configured to detect ice
formed by drops of water having a second nunber of sizes. In
these illustrative exanples, the first nunmber of sizes is
smaller than the second nunber of sizes.

For exanple, the first nunber of sizes may be from about
0.00465 mnmillimeters in diameter to about 0.111 nmillineters in
di anmet er. The second nunber of sizes may be from about 0.112
mllimeters to about 2.2 millinmeters in dianeter.

The second nunber of sizes of the drops of water may be
drops of water that are considered to be drops of supercool ed
wat er . These drops of supercooled water may be supercool ed
large drops (SLD) . First group of sensors 148 is configured to
detect drops of water that are not supercooled large drops in
these illustrative exanples. The type of icing condition

detected by sensors 124 is based on the locations for sensors

124 on surface 126 of aircraft 100 in these illustrative
exanpl es

In the illustrative exanples, the first type of icing
condition nmay 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.

In these illustrative exanples, sensors 124 are depicted as
flush-nounted sensors. In other words, sensors 124 are
substantially flush or planar with surface 126 of aircraft 100.
Sensors 124 may be inplemented using all of the same type of
sensors or different types of sensors. Further, other nunbers
of sensors 124 and |ocations of sensors 124 may be used in
addition to or in place of those illustrated for aircraft 100 in
Figure 1.

Al though particular conditions and sizes for drops have
been described for the first icing condition and the second
icing condition, the different illustrative enbodinents are not
limted to the conditions and sizes depicted. For exanpl e,
other altitudes and drop sizes nay be used to define when drops

9
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of water are present for the first icing condition and the
second icing condition.

However, while Figure 1 illustrates enbodinments using a
twin-engine aircraft for example, the illustrative enbodinents
recogni ze and take into account that the information contained
is also applicable to aircraft with different nunbers of
engi nes. Further, the illustrative exanple depicts aircraft 100
as a comercial aircraft. The different illustrative
enbodi nents nmay be applied to other types of aircraft, such as
mlitary aircraft.

Wth reference now to Figure 2, an illustration of
conmponents in an ice detection system is depicted in accordance
with an illustrative enbodinent. In this illustrative exanple,
ice detection system 122 further conprises processor unit 200.
Processor unit 200 is a hardware device configured to perform
operations with respect to detecting icing conditions for
aircraft 100. These operations nmay be inplenmented in software,
hardware, or a conbination of the two.

As illustrated, processor unit 200 is connected to sensors
124, In these illustrative exanples, sensors 124 generate data
202. Data 202 may indicate whether sensors 124 detect the
formation of ice on surface 126 of aircraft 100. lce is
detected by sensors 124 when ice forms on one or nore of sensors
124, Sensors 124 send data 202 to processor unit 200.

In these illustrative exanples, processor unit 200 is
configured to nonitor the data from first group of sensors 148
and second group of sensors 170. Further, processor unit 200 is
configured to perform an action in response to the data
indicating a presence of one of the icing conditions. The
particular type of icing condition detected depends on which
group of sensors generating data indicates a presence of ice.
In other words, the first icing condition, the second icing

condition, or both the first icing condition and the second

10
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icing condition may be present depending on the data generated
by sensors 124.

The action may include at |east one of generating an alert,
generating a log entry, activating anti-icing system 204,
sending a report, and other suitable actions. As used herein,
the phrase "at |east one of", when used with a list of itens,
means different conbinations of one or nore of the listed itens
may be used and only one of each itemin the list nmay be needed.

For exanpl e, at least one of itemA, itemB, and item C" nay
include, without Ilimtation, itemA, or itemA and itemB. This
exanple also nay include itemA, itemB, and itemc, or itemB
and item cC.

In these illustrative exanples, the alert nay be generated
on flight deck interface 206 for aircraft 100. Flight deck
interface 206 is a display system located in the flight deck of

aircraft 100. The display system conprises a nunber of displays

on which information nay be displayed to operators. These
di splays are hardware devices in the illustrative exanples.

As used herein, a "nunber"”, when used with reference to
itens, means one or nore itens. For exanple, "a nunber of
di splays" is one or nore displays. The nunber of displays nay
include, for exanmple, without linmtation, a primary flight

di splay, a navigation display, and other suitable types of
di spl ays .

Further, the log entry may be generated in flight
managenent system 208. Flight managenent system 208 is a
conmputer system in aircraft 100. This conputer system may be
conprised of a nunber of conputers. When nore than one conputer
is present in the conputer system those conputers may be in
comuni cation with each other using a conmunications nedia, such
as a local area network.

Processor unit 200 may send a report to flight nanagenent
system 208. Alternatively, the report may be sent to a renote
| ocation in addition to or in place of sending the report to

11
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flight managenent system 208. In these illustrative exanples,
the report may include an indication of what type of icing
condition or conditions is present. This report also may
include a location of the sensor or sensors detecting the icing
condition .

Anot her action that processor unit 200 nmay take is to
initiate the operation of anti-icing system 204. Anti-icing
system 204 may be inplenented using any currently available
anti-icing system Anti-icing system 204 nmay enploy different
types of nechanisns to renove or prevent the formation of ice on
surface 126 of aircraft 100. For exanple, anti-icing system 204
may enpl oy mechanical systens, chemical systens, infrared
heating systens, and other types of systens to renove ice,
prevent the formation of ice, or both on surface 126 of aircraft
100.

In these illustrative exanples, sensors 124 may be
configured in ice detection assenblies. For exanple, sensors
124 may be grouped as ice detection assenblies 220, 222, 224,
226, 228, 230, 232, 234, 236, and 238. Each sensor in an ice
detection assenbly may be configured to detect a particular type
of icing condition. This type of grouping of sensors 124 nay be
used in selecting locations for sensors 124. Of course, in some
illustrative exanples, sensors 124 nmay not be grouped in ice

detection assenblies.

Wth reference now to Figure 3, an illustration of an
airfoil is depicted in accordance with an illustrative
enbodi nent . In this illustrative exanple, airfoil 300 is wng

104 seen taken along lines 3-3 in Figure 2. A flow of drops 301
with respect to airfoil 300 is illustrated. Locati ons where
drops 301 collide with surface 302 are depicted in this
illustrative exanple.

As depicted, sensor 138 and sensor 160 may be configured as
ice detection assenbly 230 on surface 302. In this illustrative
exanpl e, sensor 138 is a first sensor located in first |ocation

12
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304 while sensor 160 is a second sensor |ocated in second
| ocation 306.

In these illustrative exanples, first location 304 is
located in first region 308 and second location 306 is |ocated
in second region 310. As depicted, first region 308 is further
forward on airfoil 300 than second region 310.

In these illustrative exanples, first region 308 is
conprised of a nunber of |ocations. This nunber of |ocations
may be contiguous or non-contiguous wth each other depending on
the particular inplenmentation. In this exanple, these I|ocations
are all contiguous. First region 308 is a region in which first
drops 312 collide with surface 302 of airfoil 300 for aircraft
100.

Second region 310 is also a nunber of locations that may be
contiguous or non-contiguous wth each other. In this exanple,
these locations are non-contiguous. For example, a first
portion of the nunber of locations may be in section 314, while
a second portion of the number of |ocations may be in section
316. Second region 310 is a region in which second drops 318
collide with surface 302 of airfoil 300 for aircraft 100. First
drops 312 collide with surface 302 in first region 308 when a
first type of icing condition is present. Second drops 318
collide with surface 302 in second region 310 when a second type
of icing condition is present. In these illustrative exanples,
first region 308 is further forward on airfoil 300 as conpared
to second region 310.

In these illustrative exanples, sensor 138 in first
location 304 is configured to detect the formation of ice when a
first type of icing condition is present while sensor 160 in
second location 306 is configured to detect the formation of ice
when a second type of icing condition is present. In some
cases, both types of icing conditions may be present at the sane

tinme.
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In these illustrative exanples, first drops 312 and second
drops 318 are supercooled drops of water. These drops of water

may be rain drops. The drops nay have sizes ranging from about

0.00465 millineters to about 2.2 mllimeters in average
di aneter .

In these illustrative exanples, normal drops are drops of
water typically with sizes less than 0.111 mllimeters in
average dianeter. These drops may freeze when colliding with
first region 308 of surface 302 of airfoil 300 . Drops of water

in freezing drizzle drops may have a dianmeter that is less than
about 0.5 mllineters. These drops may freeze when colliding
with second region 310 of surface 302 of airfoil 300 . Drops of
freezing rain may have a dianeter that is up to about 2.2
mllinmeters. These drops may freeze when colliding even further
aft on second region 310 of surface 302 of airfoil 300 .

In these illustrative exanples, freezing drizzle is drizzle
that may freeze on contact with surface 302 of airfoil 300 .
Freezing drizzle may have a dianeter that is less than about 0.5
mllinmeters. Freezing rain is rain that may freeze when
colliding with surface 302 of airfoil 300 and may have a
dianeter that is up to about 2.2 mllineters.

Drops of water nay be supercooled in various environnents,
such as in stratiform and in cunul ous clouds. However,
supercool ed large drops typically only formin cunul ous clouds.

In these illustrative exanples, first drops 312 may be, for
exanpl e, normal supercooled drops. Nor mal supercool ed drops are
drops of supercooled water that may have a diameter from about
0.00465 mllineters to about 0.111 mllinmeters. As depi ct ed,
second drops 318 mmy be supercooled |arge drops. These drops
may have a dianeter with a size from about 0.112 mllinmeters to
about 2.2 mllineters.

In these illustrative exanples, the different sizes between
first drops 312 and second drops 318 result in first drops 312
and second drops 318 colliding with surface 302 of airfoil 300

14
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in different |[|ocations. In these illustrative exanples, the
|ocations for the different drops are defined by first region
308 and second region 310.

As a result, placenment of sensor 138 is selected such that
sensor 138 will detect a first type of icing condition caused by
first drops 312. Sensor 160 is in second location 306 and is
configured to detect a second type of icing condition caused by
second drops 318 in these illustrative exanples. I n ot her
words, the placenent of sensor 138 and sensor 160 on surface 302
of airfoil 300 may be selected to detect different types of
i cing conditions. The location selected nmay depend on the
configuration of airfoil 300.

The illustrations of aircraft 100 with ice detection system

122 in Figures 1-3 are not neant to inply physical or

architectural limtations to the manner in which an illustrative
enbodi rent rmay be inpl enment ed. O her conponents in addition to
and/or in place of the ones illustrated nmay be used. Sone
conmponents may be unnecessary in sonme illustrative enbodinents.

Al so, sone conponents are shown in physical inplenentations

whil e other conponents are shown as bl ocks. Bl ocks are
presented to illustrate some functional components. One or nore
of the blocks illustrated may be conbined, divided, or conbined

and divided into different blocks when inplemented in an
illustrative enbodi nent.

For exanple, aircraft 100 is shown in the form of an
ai r pl ane. Of course, aircraft 100 may take other forns. For
example, wthout limtation, aircraft 100 also may take the form
of a helicopter. Al so, although aircraft 100 is illustrated as
a comercial aircraft, the different illustrative enbodi nents
may be applied to military aircraft and other types of aircraft
depending on the particular inplenentation. For exanpl e,
aircraft 100 also may be applied to an aircraft that may fly in
the air as well as enter outer space, although icing conditions
do not exist at altitudes that are considered outer space.

15
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In still another illustrative exanple, although sensors 124
are shown as grouped into ice detection assenblies, other
illustrative enbodinents my not enploy ice detection
assenbl i es. In other words, groupings of sensors into
assenblies may not be used, depending on the particul ar
i npl emrent ati on. In some illustrative exanples, processor unit
200 may be considered part of flight nanagenent system 208
instead of a separate conponent in the illustrative exanples.

Further, other nunbers of sensors may be used other than
those illustrated for aircraft 100. The nunmber of sensors used
may depend on the particular type of aircraft. For exanple, the

nunber of sensors and their |ocations may change depending on

the size and configuration of airfoils on aircraft 100. In
still other illustrative exanples, the sensors nay all be of the
same type of sensors or different types of sensors. For

exanpl e, sensors 124 may be inplenented using a sensor
configured to detect a presence or formation of ice in these
illustrative exanples.

Turning now to Figure 4, an illustration of a block diagram
of a design environnent is depicted in accordance with an
illustrative enbodinent. Desi gn environnent 400 nay be used to
design an ice detection system for an aircraft in which the ice
detection system is configured to detect a nunber of types of
icing conditions. In this illustrative exanple, designer 402
may be inplenmented to generate ice detection system design 404
for ice detection system 406. Ice detection system 406 may be,
for exanple, without limtation, ice detection system 122 in
Figure 1.

As illustrated, designer 402 may be inplemented using
software, hardware, or a conbination of the two. In these
illustrative exanples, designer 402 may be inplenmented in
comput er system 408. Conmput er system 408 conprises a nunber of
conputers. \Wen nore than one conputer is present in conputer
system 408, those conputers may be in communication wth each
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ot her. This communication nmay be facilitated usi'ng a
comuni cati ons nedium such as a network.

When designer 402 is inplemented using software, designer
402 may take the form of program code that is configured to run
on one or nore conputers. When hardware is enployed, the
hardware may include circuits that operate to perform the
operations in designer 402.

In the illustrative exanples, the hardware may take the
form of a circuit system an integrated circuit, an application
specific integrated circuit (ASIC) , a progranmable |ogic device,
or sone other suitable type of hardware configured to perform a
nunmber of operations. Wth a programmable |ogic device, the
device is configured to perform the nunber of operations. The
device may be reconfigured at a later tine or may be permanently
configured to perform the nunber of operations. Exanmpl es of
programmable |ogic devices include, for exanple, a programable
logic array, a progranmable array logic, a field programable
logic array, a field progranmmable gate array, and other suitable
har dwar e devi ces. Additionally, the processes may be
i npl emented in organic conponents integrated with inorganic
conponents and/or may be conprised entirely of organic
components excluding a human being.

In this illustrative exanple, ice detection system design
404 may be generated using aircraft design 410 for aircraft 412.
In other words, aircraft design 410 nay be an input to designer
402 that is used to generate ice detection system 406. In
particular, parameters 414 in aircraft design 410 for conponents
416 in aircraft 412 may be used to generate paraneters 418 for
ice detection system 406 in ice detection system design 404.
Aircraft 412 may be, for exanple, aircraft 100 in Figure 1.

In this illustrative exanple, paraneters 418 in ice
detection system design 404 are for conponents 420 in ice

detection system 406. In these illustrative exanples,
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conmponents 420 in ice detection system 406 include processor
unit 422 and sensor system 424 .

Sensor system 424 conprises sensors 426 . Sensors 426
include first group of sensors 428 and second group of sensors
430 . In these illustrative exanples, paraneters 418 include
| ocations 432 for sensors 426 in sensor system 424 . In
particular, locations 432 are locations on surface 434 of
aircraft 412 . Locations 432 may be defined using coordi nates
for aircraft 412 .

In these illustrative exanples, locations 432 include first
group of locations 436 and second group of locations 438 . First
group of locations 436 is for first group of sensors 428 .
Second group of locations 438 is for second group of sensors
430 . Additionally, first group of sensors 428 and second group
of sensors 430 may be arranged in ice detection assenblies 440
in which a first sensor in first group of sensors 428 and a
second sensor in second group of sensors 430 are in an ice
detection assenbly in ice detection assenblies 440 .

Simulation 442 may be perfornmed by conputer system 408 to
identify locations 432 for sensors 426 . |In these illustrative
exanpl es, simulation 442 may simulate drops 444 for icing
conditions 446 .

For exanple, sinmulation 442 may be perforned to identify
| ocations 448 on surface 434 of aircraft 412 where drops 444
will collide with surface 434 of aircraft 412 . In these
exanpl es, drops 444 include first drops 450 and second drops
452 . In this manner, sinmulation 442 may be used to identify
first region 454 in which first drops 450 will collide with
surface 434 and second region 456 in which second drops 452 will
collide with surface 434 for different structures on aircraft
412 . The identification of locations 448 in sinulation 442 nay
be used to identify locations 432 for sensors 426 .

In these illustrative exanples, first group of |ocations
436 is selected such that first drops 450 in drops 444 for first
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type of icing condition 458 in icing conditions 446 collide with
surface 434 in first group of |ocations 436. Second group of
| ocations 438 is selected such that second drops 452 in drops
444 for second type of icing condition 460 in icing conditions
446 collide with surface 434 of aircraft 412 in second group of
| ocati ons 438. In these illustrative exanples, first drops 450
for first type of icing condition 458 may be normal supercool ed
dr ops. Second drops 452 for second type of icing condition 460
may be supercooled large drops in these illustrative exanples.

In the depicted exanples, first group of l|locations 436 nmay
be within first region 454 on surface 434 of structure 462 in
structures 464 in aircraft 412. Second group of |ocations 438
may be located in second region 456 on surface 434 of structure
462. In these illustrative exanples, structure 462 in aircraft
412 may take the form of airfoil 466, fuselage 468, engine
housi ng 470, engine inlet 471, and other suitable types of
structures on aircraft 412.

Further, simulation 442 also may be used to select the
nunber of sensors within sensors 426 in addition to |ocations
432 for sensors 426. Al so, simulation 442 may be used to
deternm ne nunber of types of sensors 472 that may be used to

i npl ement sensors 426 in sensor system 424.

The illustration of design environment 400 in Figure 4 is
not nmeant to inply physical or architectural I|imtations the
manner in which an illustrative enbodinent nmay be inplenented.

O her conponents in addition to and/or in place of the ones
illustrated may be used. Some conponents may be unnecessary.
Also, the blocks are presented to illustrate some functional
conmponent s. One or nore of these blocks may be conbined,
di vided, or conbined and divided into different blocks when
inmplemented in an illustrative enbodinent.

For exanple, ice detection system design 404 may be used to
identify additional locations in |locations 432 for sensors 426
to detect one or nore additional types of icing conditions in
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addition to first type of icing condition 458 and second type of
icing condition 460.

In still other illustrative exanples, designer 402 may be
used to modify ice detection system design 404 instead of
creating ice detection system design 404. For exanple, ice
detection system design 404 may already include first group of
sensors 428 in first group of locations 436. Ice detection
system design 404 may be nodified to identify second group of
| ocations 438 for second group of sensors 430. In this manner,
designer 402 may be used to identify nodifications to existing
ice detection systens in these illustrative exanples. In still
other illustrative exanples, ice detection system design 404 may
be part of aircraft design 410 instead of a separate design.

The different conponents illustrated in Figures 1-3 nay be
conbi ned with conmponents shown in Figure 4, used with conponents
in Figure 4, or a conbination of the tw. Additionally, some of
the conponents illustrated in Figures 1-3 may be exanples of how
conponents shown in block formin Figure 4 may be inplenented as
physi cal structures.

Wth reference now to Figure 5, an illustration of a
flowhart of a process for detecting icing conditions for an
aircraft is depicted in accordance with an illustrative
enbodi ment . The process illustrated in Figure 5 may be
inmplemented in an ice detection system such as ice detection
system 406 as specified by ice detection system design 404 in
Figure 4. Further, the process may be inplenmented in ice
detection system 122 for aircraft 100 in Figure 1. In
particular, one or nore operations perforned in this flowhart
may be inplemented using processor unit 200 in Figure 2.

The process begins by nonitoring a first group of sensors
|ocated at a first group of locations on the aircraft for first
data indicating a first type of icing condition in the icing
conditions for the aircraft (operation 500) . The first group of
sensors in operation 500 may be first group of sensors 148 in
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ice detection system 122 in Figure 1. The process then nonitors
a second group of sensors l|ocated at a second group of |ocations
on the aircraft for second data indicating a second type of
icing condition for the aircraft (operation 502) . The second
group of sensors in operation 502 may be second group of sensors
170 in ice detection system 122 in Figure 1.

A determination is nmade as to whether at |east one of the
first data and the second data indicates that an icing condition
is present (operation 504) . If an icing condition is not
present, the process returns to operation 500 as described
above. O herwi se, the process initiates an action in response
to detecting at |east one of the first type of icing condition
fromthe first data and the second type of icing condition from
the second data (operation 506) , with the process then returning
to operation 500 as described above.

Wth reference now to Figure 6, an illustration of a

flowmchart of a process for designing an ice detection systemis

depicted in accordance with an illustrative enbodi nent. The
process illustrated in Figure 6 may be inplenented in design
environnent 400 in Figure 4. |In particular, the process my be

i npl emented using designer 402 in Figure 4.

The process begins by identifying a structure for an
aircraft (operation 600) . These structures may be any structure
on which ice nmay form when one or nore types of icing conditions
are present. The process then selects a structure from the
aircraft for processing (operation 602)

The process then identifies a first region and a second
region on the structure (operation 604) . The first region is a
region in which first drops for a first type of icing condition
collide with the surface of the aircraft. The second region is
a region in which second drops for a second type of icing
condition collide with the surface of the aircraft. The process
then identifies a nunber of sensors for placenent in the first
region and the second region (operation 606) . |In sone cases,
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sensors may be absent from one region on the structure depending
on the inplenentation.

The process then identifies a first group of locations in
the first region for a first group of sensors in the sensors
(operation 608) . The process then identifies a second group of
locations in the second region for a second group of sensors in
the sensors (operation 610) . A determination is nade as to
whet her additional unprocessed structures are present for the
aircraft (operation 612) . |If additional unprocessed structures
are present, the process returns to operation 602 as described
above. O herwi se, the process term nates. VWen the process is
conpleted, the design for the ice detection system nmay be
finished and ready for inplenentation.

The flowcharts and block diagrams in the different depicted
enbodi nents illustrate the architecture, functionality, and
operation of sone possible inplenentations of apparatuses,
nmet hods, and conputer program products. In this regard, each
block in the flowharts or block diagrans may represent a
nodul e, segnent, or portion of conmputer usable or readable
program code, which conprises one or nore executable
instructions for inplenenting the specified function or
functi ons. In sonme alternative inplenentations, the function or
functions noted in the block may occur out of the order noted in
the figures. For exanple, in sone cases, two blocks shown in
succession may be executed substantially concurrently, or the
bl ocks may sonetinmes be executed in the reverse order, depending

upon the functionality involved.

Turning now to Figure 7, an illustration of a data
processing system is depicted in accordance with an illustrative
enbodi nent . Data processing system 700 may be used to inplenent

flight managenment system 208 in Figure 2, conputer system 408 in
Figure 4, and other conputers that nay be used in different
illustrative enbodi nents. In this illustrative exanple, data
processing system 700 includes comunications franework 702,

22



10

15

20

25

30

35

WO 2013/103453 PCT/US2012/066515

whi ch provides communications between processor unit 704, nenory
706, persistent storage 708, communications unit 710,

i nput/output (1/0 wunit 712, and display 714. In this exanple,
conmmuni cations framework 702 may take the form of a bus system
Processor unit 704 serves to execute instructions for
software that may be |oaded into nenory 706. Processor wunit 704
may be a nunber of processors, a multi-processor core, or sone

other type of processor, depending on the particular

i mpl ement ati on. In these illustrative exanples, processor unit
704 is an exanple of a processor unit that may be used to

i mpl ement processor unit 200 in Figure 2.

Menory 706 and persistent storage 708 are exanples of
storage devices 716. A storage device is any piece of hardware
that is capable of storing information such as, for exanple,
without limtation, data, program code in functional form and

other suitable information either on a tenporary basis or a

per manent basi s. Storage devices 716 also may be referred to as
conputer readable storage devices in these illustrative
exanpl es. Menory 706, in these exanples, nay be, for exanple, a

random access nmenory or any other suitable volatile or non-
vol atile storage device. Persistent storage 708 may take
various forns, depending on the particular inplenmentation.

For exanple, persistent storage 708 may contain one or nore
conponents or devices. For exanple, persistent storage 708 may
be a hard drive, a flash nmenory, a rewitable optical disk, a
rewitable magnetic tape, or some conbination of the above. The
nmedi a used by persistent storage 708 also may be renovabl e. For
exanple, a renovable hard drive may be used for persistent
storage 708.

Communi cations wunit 710, in these illustrative exanples,
provides for comrunications wth other data processing systens
or devi ces. In these illustrative exanples, conmunications unit

710 is a network interface card.
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I nput/output unit 712 allows for input and output of data
with other devices that may be connected to data processing
system 700. For exanple, input/output unit 712 may provide a
connection for user input through a keyboard, a nouse, and/or
sone other suitable input device. Further, input/output wunit
712 may send output to a printer. Display 714 provides a
mechani sm to display information to a user.

Instructions for the operating system applications, and/or
programs may be located in storage devices 716, which are in
communi cation wth processor unit 704 through conmunications
framework 702. The processes of the different enbodi nents may
be performed by processor unit 704 using conputer-inplenented
i nstructions, which may be located in a nmenory, such as nenory
706 .

These instructions are referred to as program code,
conmputer usable program code, or conputer readable program code
that may be read and executed by a processor in processor unit
704. The program code in the different enbodinments may be
enbodi ed on different physical or conputer readable storage
medi a, such as nenmory 706 or persistent storage 708.

Program code 718 is located in a functional form on
conmputer readable media 720 that is selectively renovable and
may be |oaded onto or transferred to data processing system 700
for execution by processor unit 704. Program code 718 and
conmputer readable media 720 form conputer program product 722 in
these illustrative exanples. In one exanple, conputer readable
media 720 may be conputer readable storage media 724 or conputer
readabl e signal nmedia 726.

In these illustrative exanples, conputer readable storage
media 724 is a physical or tangible storage device used to store
program code 718 rather than a nedium that propagates or
transmits program code 718. Alternatively, program code 718 may
be transferred to data processing system 700 using conputer
readabl e signal media 726. Conputer readable signal nedia 726
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may be, for exanple, a propagated data signal containing program
code 718. For exanple, conputer readable signal nedia 726 my
be an el ectromagnetic signal, an optical signal, and/or any
other suitable type of signal. These signals may be transnmitted
over conmuni cations links, such as wireless comunications

links, optical fiber cable, coaxial cable, a wire, and/or any
other suitable type of comunications Iink.

The different conmponents illustrated for data processing
system 700 are not neant to provide physical or architectural
limtations to the manner in which different enbodinments may be
i mpl enent ed. The different illustrative enbodinents may be
inplemented in a data processing system including conponents in
addition to and/or in place of those illustrated for data
processing system 700. O her conponents shown in Figure 7 can
be varied fromthe illustrative exanples shown. The different
enbodi nrents may be inplenmented using any hardware device or
system capabl e of running program code 718.

Illustrative enbodinments of the disclosure may be descri bed
in the context of aircraft manufacturing and service method 800
as shown in Figure 8 and aircraft 900 as shown in Figure 9.
Turning first to Figure 8, an illustration of an aircraft
manuf acturing and service method is depicted in accordance wth
an illustrative enbodinent. During pre-production, aircraft
manuf acturing and service method 800 nmay include specification
and design 802 of aircraft 900 in Figure 9 and material
procurenent 804.

During production, conponent and subassenbly manufacturing
806 and system integration 808 of aircraft 900 in Figure 9 takes
pl ace. Thereafter, aircraft 900 in Figure 9 may go through
certification and delivery 810 in order to be placed in service
812. \While in service 812 by a custoner, aircraft 900 in Figure
9 is scheduled for routine maintenance and service 814, which
may include nodification, reconfiguration, refurbishment, and
ot her mai ntenance or service.
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Each of the processes of aircraft manufacturing and service
met hod 800 may be perforned or carried out by a system
integrator, a third party, and/or an operator. In these
exanpl es, the operator may be a custoner. For the purposes of
this description, a system integrator my include, wthout
[imtation, any nunmber of aircraft manufacturers and mgjor-
system subcontractors; a third party may include, wthout
l[imtation, any nunber of vendors, subcontractors, and
suppliers; and an operator may be an airline, a |easing conpany,

a mlitary entity, a service organization, and so on.

Wth reference now to Figure 9, an illustration of an
aircraft is depicted in which an illustrative enbodinment may be
i npl enent ed. In this exanple, aircraft 900 is produced by

aircraft manufacturing and service nethod 800 in Figure 8 and
may include airframe 902 with plurality of systens 904 and
interior 906. Exanpl es of systens 904 include one or nore of
propul sion system 908, electrical system 910, hydraulic system
912, environnental system 914, and ice detection system 916.
Any nunber of other systens nmay be included. Al t hough an
aerospace exanple is shown, different illustrative enbodi nents
may be applied to other industries, such as the autonotive

i ndustry .

Appar at uses and nmethods enbodied herein may be enpl oyed
during at |least one of the stages of aircraft manufacturing and
service method 800 in Figure 8. In one illustrative exanple,
conponents or subassenblies produced in conponent and
subassenbly nanufacturing 806 in Figure 8 may be fabricated or
manufactured in a nmanner simlar to conponents or
subassenblies produced while aircraft 900 is in service 812 in
Figure 8.

As yet another exanple, one or nore apparatus enbodi nents,
nmet hod enbodi nents, or a conbination thereof may be utilized
during different stages of aircraft manufacturing and service
nmet hod 800. For exanple, ice detection system 916 may be
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designed during specification and design 802 . Conponents for
ice detection system 916 may be manufactured during conponent
and subassenbly manufacturing 806 . Ice detection system 916 may
be installed in aircraft 900 during system integration 808 . |Ice
detection system 916 nay be used while aircraft 900 is in
service 812 .

In another illustrative exanple, ice detection system 916
may be an existing ice detection system in aircraft 900 .
Upgrades, nodifications, and other operations may be perforned
to nodify ice detection system 916 on aircraft 900 to include
features in accordance with an illustrative enbodinent.

In the figures and the text, one or nore aspect,
variations, instances, and exanples are illustrated below
i ncl udi ng :

In one aspect, an ice detection system 406 is disclosed
including: a first group of sensors 428 located in a first group
of locations 436 on an aircraft 412, wherein the first group of
sensors 428 in the first group of locations 436 is configured to
detect a first type of icing condition 458 for the aircraft 412,
and a second group of sensors 430 located in a second group of
| ocations 438 on the aircraft 412, wherein the second group of
sensors 430 in the second group of locations 438 is configured
to detect a second type of icing condition 460 for the aircraft
412 .

In one variant, the ice detection system 406 includes
wherein the first group of sensors 428 and the second group of
sensors 430 generate data 202 and further including: a processor
unit 422 configured to nmonitor the data 202 from the first group
of sensors 428 and the second group of sensors 430 and perform
an action in response to the data 202 indicating a presence of
at least one of the first type of icing condition 458 and the
second type of icing condition 460. In another variant, the ice
detection system 406 includes wherein the first group of
locations 436 is a first nunber of locations 448 in which first
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drops 450 for the first type of icing condition 458 collide wth
a surface 434 of the aircraft 412 and the second group of

| ocations 438 is a second nunber of locations 432 in which
second drops 452 for the second type of icing condition 460
collide with the surface 434 of the aircraft 412

In yet another variant, the ice detection system 406
i ncl udes wherein the surface 434 is a surface 434 of an airfoil
466 for the aircraft 412 and wherein the first drops 450 collide
with the surface 434 in a first region 454 on the surface 434 of
the airfoil 466, the second drops 452 collide with the surface
434 in a second region 456 on the surface 434 of the airfoil
466, and the first region 454 is further forward on the airfoil
466 than the second region 456. In one exanple, the ice
detection system 406 includes wherein the first type of icing
condition 458 is caused by first drops 450 having a first nunber
of sizes, the second type of icing condition 460 is caused by
second drops 452 having a second nunber of sizes, and the first
number of sizes is smaller than the second nunber of sizes.

In another exanple, the ice detection system 406 includes
wherein the second type of icing condition 460 is a supercooled
large drop icing condition. In one exanple, the ice detection
system 406 includes wherein the action is selected from at |east
one of generating an alert, generating a log entry, activating
an anti-icing system 204, and sending a report. In yet another
exanple, the ice detection system 406 includes wherein the first
group of locations 436 and the second group of locations 438 are
on a structure 462 for the aircraft 412 and the structure 462 is
selected from one of an airfoil 466, a wing, a horizontal
stabilizer, a vertical stabilizer, a fuselage 468, an engine
inlet 471, and a nose portion 112 of the fusel age 468.

In one instance, the ice detection system 406 includes
wherein a first sensor 138 in the first group of sensors 428 and
a second sensor 160 in the second group of sensors 430 form a
sensor pair, wherein the first sensor 138 is a forward sensor
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and the second sensor 160 is an aft sensor that is located in a
location that is aft of the forward sensor. I n anot her
instance, the ice detection system includes wherein sensors in
the first group of sensors 428 and the second group of sensors
430 are configured to detect a presence of ice. In yet another
instance, the ice detection system 406 includes wherein the
aircraft 412 is selected from one of a comercial aircraft, a
mlitary aircraft, an airplane, and a helicopter.

In one aspect, an ice detection system 406 is disclosed
including: a group of sensors located in a group of locations on
a surface 434 of an aircraft 412, wherein the group of sensors
in the group of locations is configured to detect a supercool ed
large drop icing condition on the surface 434 of the aircraft
412; and
a processor unit 422 configured to nonitor data 202 from the
group of sensors and perform an action in response to the data
202 indicating a presence of the supercooled large drop icing
condition on the surface 434 of the aircraft 412 In one
variant, the ice detection system 406 includes wherein the group
of sensors 430 is a second group of sensors and further
including: a first group of sensors 428 configured to detect
another type of icing condition on the surface 434 of the
aircraft 412 In one variant, the ice detection system 406
i ncl udes wherein the group of locations is a nunber of |ocations
in which drops for the supercooled large drop icing condition
collide with the surface 434 of the aircraft 412

In another variant, the ice detection system 406 includes
wherein the surface 434 is a surface 434 of an airfoil 466 for
the aircraft 412 and wherein the drops collide with the surface
434 in a region on the surface 434 of the airfoil 466 that is
further aft as conpared to drops from another type of icing
condition on the surface 434 of the airfoil 466. In yet another
variant, the ice detection system 406 includes wherein the drops
have a dianeter from about 0.112 nmillimeters to about 2.2
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mllineters. In still another variant, the ice detection system
406 includes wherein the action is selected from at |east one of
generating an alert, generating a log entry, activating an anti-
icing system 204, and sending a report.

In one aspect, a method is disclosed for detecting icing
conditions for an aircraft 412, the method includes: nonitoring
a first group of sensors 428 located in a first group of
locations 436 on the aircraft 412 for first data 202 indicating
a first type of icing condition 458 in the icing conditions for
the aircraft 412; nonitoring a second group of sensors 430
located in a second group of locations 438 on the aircraft 412
for second data 202 indicating a second type of icing condition
in the icing conditions 460 for the aircraft 412; and initiating
an action in response to detecting at least one of the first
type of icing condition 458 from the first data and the second
type of icing condition 460 from the second data 202. I n one
variant, the nethod further includes: responsive to detecting an
icing condition from at |east one of the first data (202) and
the second data 202, identifying a location on the aircraft 212
in which the icing condition is detected.

In another variant, the method includes wherein initiating
the action in response to detecting the at |east one of the
first type of icing condition 458 from the first data 202 and
the second type of icing condition 460 from the second data 202
includes: initiating the action in response to detecting the at
| east one of the first type of icing condition 458 from the
first data 202 and the second type of icing condition 460 from
the second data 202, wherein the action is selected from at
| east one of generating an alert 204, generating a log entry,
activating an anti-icing system and sending a report.

Thus, one or nore illustrative enbodinents provide a nethod
and apparatus for identifying different types of icing
condi tions. In particular, an illustrative enbodinment provides
an ability to identify a first type of icing condition and a
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second type of icing condition. The first type of icing
condition may be one typically encountered while the second type
of icing condition may be a supercooled large drop icing
condi ti on. In these illustrative exanples, the ability to
identify nore than one type of icing condition may allow an
aircraft to be certified for flight in different types of icing
conditions under various regulations that my be present from
governnment or other regulatory entities, such as the Federal
Avi ati on Adm nistration.

The description of the different advantageous enbodinments
has been presented for purposes of illustration and description

and is not intended to be exhaustive or limted to the

enmbodi ments in the form disclosed. Many nodifications and
variations wll be apparent to those of ordinary skill in the
art. Further, different advantageous enbodinents may provide

di fferent advantages as conpared to other advantageous

enmbodi ment s. The enbodi nent or enbodinents selected are chosen
and described in order to best explain the principles of the
enbodi nents, the practical application, and to enable others of
ordinary skill in the art to understand the disclosure for
various enbodinents with various nodifications as are suited to

the particular use contenplated.
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CLAIMS:

VWat is clained is:

1. An ice detection system (406) conprising:

a first group of sensors (428) located in a first group of
| ocations (436) on an aircraft (412), wherein the first group of
sensors (428) in the first group of locations (436) is
configured to detect a first type of icing condition (458) for
the aircraft (412); and

a second group of sensors (430) located in a second group
of locations (438) on the aircraft (412), wherein the second
group of sensors (430) in the second group of locations (438) is
configured to detect a second type of icing condition (460) for

the aircraft (412)

2. The ice detection system (406) of claim 1, wherein the
first group of sensors (428) and the second group of sensors
(430) generate data (202) and further conprising:

a processor unit (422) configured to nonitor the data (202)
from the first group of sensors (428) and the second group of
sensors (430) and perform an action in response to the data
(202) indicating a presence of at least one of the first type of
icing condition (458) and the second type of icing condition

(460)

3. The ice detection system (406) of any of clains 1 or 2,
wherein the first group of locations (436) is a first nunber of
| ocations (448) in which first drops (450) for the first type of
icing condition (458) collide with a surface (434) of the
aircraft (412) and the second group of locations (438) is a

second nunber of locations (432) in which second drops (452) for
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the second type of icing condition (46) collide with the surface

(434) of the aircraft (412)

4. The ice detection system (406) of claim 3, wherein the
surface (434) is a surface (434) of an airfoil (466) for the
aircraft (412) and wherein the first drops (450) collide wth
the surface (434) in a first region (454) on the surface (434)
of the airfoil (466), the second drops (452) collide with the

surface (434) in a second region (456) on the surface (434) of

the airfoil (466), and the first region (454) is further forward
on the airfoil (466) than the second region (456)
5. The ice detection system (406) of any of clainms 1-4,

wherein the first type of icing condition (458) is caused by
first drops (450) having a first nunber of sizes, the second
type of icing condition (460) is caused by second drops (452)
having a second nunber of sizes, and the first nunber of sizes

is smaller than the second nunber of sizes.

6. The ice detection system (406) of claim 1, wherein the
second type of icing condition (460) is a supercooled |large drop

icing condition.

7. The ice detection system (406) of claim 2, wherein the
action is selected from at |east one of generating an alert,
generating a log entry, activating an anti-icing system (204),

and sending a report.

8. The ice detection system (406) of any of claims 1-7,

wherein the first group of locations (436) and the second group
of locations (438) are on a structure (462) for the aircraft
(412) and the structure (462) is selected from one of an airfoil
(466), a wing, a horizontal stabilizer, a vertical stabilizer, a
fusel age (468), an engine inlet (471), and a nose portion (112)
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of the fuselage (468) .

9. The ice detection system (406) of any of the clains 1-8,
wherein a first sensor (138) in the first group of sensors (428)
and a second sensor (160) in the second group of sensors (430)
form a sensor pair, wherein the first sensor (138) is a forward
sensor and the second sensor (160) is an aft sensor that is

located in a location that is aft of the forward sensor.

10. The ice detection system of claim 1, wherein sensors in the
first group of sensors (428) and the second group of sensors

(430) are configured to detect a presence of ice.

11. The ice detection system (406) of claim 1, wherein the
aircraft (412) is selected from one of a comrercial aircraft, a

mlitary aircraft, an airplane, and a helicopter.

12. A nethod for detecting icing conditions for an aircraft
(412), the method conprising:

nonitoring a first group of sensors (428) located in a
first group of locations (436) on the aircraft (412) for first
data (202) indicating a first type of icing condition (458) 1in
the icing conditions for the aircraft (412);

nonitoring a second group of sensors (430) located in a
second group of locations (438) on the aircraft (412) for second
data (202) indicating a second type of icing condition in the
icing conditions (460) for the aircraft (412); and

initiating an action in response to detecting at |east one
of the first type of icing condition (458) from the first data
and the second type of icing condition (460) from the second

data (202)

13. The method of claim 12 further conprising:
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responsive to detecting an icing condition from at |east
one of the first data (202) and the second data (202),
identifying a location on the aircraft (212) in which the icing

condition is detected.

14. The nmethod of any of claims 12 or 13, wherein initiating
the action in response to detecting the at least one of the
first type of icing condition (458) from the first data (202)
and the second type of icing condition (460) from the second
data (202) conprises:

initiating the action in response to detecting the at |Ieast
one of the first type of icing condition (458) from the first
data (202) and the second type of icing condition (460) from the
second data (202), wherein the action is selected from at |east
one of generating an alert (204), generating a log entry,

activating an anti-icing system and sending a report.
15. The ice detection system (406) of any of clains 1-11

perfornmed by a nethod for detecting icing conditions on an

airplane in accordance with any of the method clainms 12-14.
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