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6 The present invention relates to a detection system for

7 use 1in an aircraft and, more specifically, to a detection

8 system of an aircraft which is able to detect the presence

9 of a volcanic ash cloud.
10
11 Volcanic ash clouds constitute a serious hazare to
12 aircraft even after the clouds have moved from the site of 2
13 volcanic eruption. Apart from containing ash particles, the
14 clouds include gases such as S0,, which after a few days
15 oxidises and hydrolises'to form sulphuric acid droplets,
16 either as an ash-acid mixture or as a coating over ash
17 particles. Both the ash particles and the sulphuric acid
18 droplets of volcanic ash clouds are capable of causing
19 significant damage to and possible loss of an aircraft which
20 encounters an ash cloud.
21
22 A number of aircraft encounters with volcanic ash
23 clouds have been recorded in the past where significant
24 damage has occurred. Between April and. July 1982
25 Galunggung, a volcano in Central Java, Indonesia, underwent
26 a series of eruptions. The dispersing ash clouds, in moving
27 across: commercial flight paths, constituted a major hazard
28 because - the radar systems of aircraft were, and still are,
29 unable te' discriminate between ash clouds and - ice/water
30 clouds. Also ‘a volcanic ash cloud hormally. can not be
31 distinguished visually from a grey ice/water cloud. Two
32 major incidents resulted from aircraft flying directly into
33 the, ash clouds. On 24 June 1982, a British Airways Boeing
34 747 flying from'Kuala Lumpur in Malaysia to Perth, entered
35 ,an ash cloud. All four engines stalled and the aircraft
36 descended 6000 m without power before attempts to restart

- 37 the” engines succeeded. An emergency landing was made at
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13 volcanic eruption. Apart from containing ash particles, the 14 clouds

i ncl ude wgageg7seich as [err], which after a few days 15 @&Larzkagg/ﬁggg g

hydrolises to form sul phuric acid droplets, 16 either as
m xture or as a coating over ash 17 particles. Both the ash particles

and the sulphuric acid 18 droplets of volcanic ash clouds are
capabl e of causing 19 significant damage to and possible | oss of an
aircraft which 20 encounters an ash cloud. 21 22 A nunber of,
aircraft encqunijakartwit hindenexaini c Aaslecdddc ioddsehavocbaered esor ried Jully

the past mhe%e ibgﬁifhﬁéﬂta Singapore Airlines Boeing 747 suffered similar

3 inflight problems and again an emergency landing was made at
Jakarta. More recently, on 15 December 1989, a KLM Boeing
747 encountered an ash cloud produced by an eruption of the
Mount Redoubt Volcano in Alaska, U § A. The engines of the
aircraft stalled and the jet descended 3600 m without power.
Furthermore, the cockpit of the aircraft was reported to
have filled with sulphur smelling gases. The descriptions
10 of the encounter were remarkably similar to the Galunggung
11 ash cloud encounters and the effects on the aircraft were

O 00 9o o

12 also similar.

i3
14 The above serves to illustrate the requirement for a

15 detection system which could provide a pilot with early
16 warning of the presence of an ash cloud so the cloud can be
17 avoided. A system relying on data collected from
18 satellites could be implemented, however, satellite data for
19 a particular area of the earth's atmosphere is only . updated
20 periodically. For example, data from satellites in a polar
21 orbit is only provided four times a day for most regions of
22 the earth. Therefore a detection system which can be
23 installed in an aircraft to monitor conditions ahead of the
24 aircraft is desired. Furthermore, it would be advantageous
25 if the system could also detect other adverse atmospheric
26 conditions, such as a clear air turbulence, which can not be
27 detected visually or by known aircraft detection systems,

28 and should be avoided by aircraft.

29

30 In accordance with the present invention there 1is
31 provided a detection system for use in an aircraft,
32 comprising means for monitoring atmospheric conditions ahead
33 of said aircraft, generating an alarm signal if adverse
"34 atmospheric conditions exist ahead of said aircraft, and
35 generating information which indicates the posifion of saiad
36 adverse conditions so the adverse conditions can be avoided.
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24 damage has occurr ed. Bet ween April and July 1982 25

Gal ungguMP H188Pcano in Central Java, |ndonesia, underwenfCPBUM/MdB2 es

of eruptions. The dispersing ash clouds, in noving 27 across commerci al

flight paths, constituted a nmajor hazard 28 -because the radar systens of
“aircraft were, and still are, 29 unable to discrim nate bet ween ash cl ouds

and ice/water 30 cl fi%a% S I not
be 31 distingui shedﬂgiig‘ﬁ% y }c(ﬂ;’%ﬁe{lgyg é}rfsggal%e{ er cI ou u?ak hYgP &&%5)
maj or i nci dent sof sadphiradiotide gasand/ordlearfdiyturmleticcect |y into 33 the ash

clouds. On 24 June 1982, a British A rways Boeing 34 747, flying from Kual a
Lunmpur in Malaysia to Perth, entered
The present invention further provides a detection system for an aircraft,

5 comprising means for detecting the presence of a volcanic ash cloud ahead of said
aircraft, and means for alerting a pilot of said aircraft to the presence of said cloud.

Preferably said detection system includes means, responsive to detection of
said ash cloud, for generating information representative of the position of said ash
10 cloud relative to said aircraft. Preferably said alerting means system includes

means for generating display signals for producing a display of said information.

Preferably said detecting means is also able to detect the presence of
sulphur dioxide and/or clear air turbulence.

15
Preferably said detecting means and alerting means include means for

monitoring infrared radiation received by said aircraft, filter means for generating

intensity signals representative of the intensity of predetermined wavelengths of

said radiation, and processing means for comparing the intcnsfty signals of two of
20 said predetermined wavelengths and generating a volcanic ash cloud wamning signal

if the results of the comparison indicate an ash cloud is present.

Preferably said wamning signal is generated if said intensity signals indicate
radiation reccived of the longer wavelength is less than radiation received of the

25 shorter wavelength.

Preferably said monitoring means an infrared detector array and said
intensity signals relate to pixels of said array, such that intensity signals of each of
said predetermined wavelengths correspond to cach one of said pixels and said

30 processing means generates display signals representative of the position of said
ash cloud relative to said aircraft on the basis of said intensity signals and position
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35 an ash cloud. Al four engines stalled and the aircraft 36 descended

6000 m vwomuisyppwer before attenpts to restart 37 the epgMRE91/00132
succeeded. An energency |anding was nade at -2- 1 Jakarta, I|ndonesi a.
A second incident occurred on 13 July 2 1982 when a Singapore Airlines

Boei ng 747 suffered sinmlar 3 inflight prottenms and again an emergency

| andi ng was nmade at 4 Jakarta. More recently, on 15 Decenber 1989, a KLM
Boei ng signals representative of the position of said aircraft. Preferably said display is

generated when said processing means determines said ash cloud is present.

The present invention also provides a method of detecting adverse
5 atmospheric conditions, comprising monitoring infrared radiation received by an
aircraft, generating signals representative of the intensity of at least one
predetermined wavelength of said radiation, processing the intensity signals, and
generating a wamning signal if said intensity signals indicate said adverse conditions
arc present.

10
Preferably said waming signal is gencrated if a value of signals for the
longer wavelength is less than a value of signals for the shorter wavelength.

Preferably said signals relate to pixels of an infrared detector array, and said

15 method further includes generating a display of the position of said adverse
conditions relative to said aircraft on the basis of said signals.

The present invention further provides an aircraft comprising a detection

system as described above.

Preferably said longer wavelength is approximately 12 pm and the shorter
wavelength is approximately 10 um. Preferably the predetermined wavelengths
include two further wavelengths, 6 pum which relates to the detection of clear air
turbulence and 9 pum which relates to detection of sulphur dioxide.

25

A preferred embodiment of the present invention will now be described, by
way of example only, with reference to the accompanying drawings, wherein:

Figure 1 is a diagram of a volcanic ash cloud;

Figure 2 is a graph of infrared radiation received from ice/water clouds and

30 volcanic ash clouds vs infrared wavelength;
Figure 3 is a schematic side view of a preferred embodiment of a detection
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5 747 encountered an ash cloud produced by an eruption of the 6 Munt
Redoubt WOw®ans7in Al aska, U S A The engi nes of the 7 airceghragbabbed and
t he j et* descended 3600 m wi t hout power. Furthernore, the cockpit of the
aircraft ‘was reported to 9 have filled V\nttrlassul phur snelling gases. The
descriptions 10 of the encounter were remdarkably similar to the

Gal unggung 11 as cl oud encou and the. effects on the aircraft were
12 also sinilar tll‘g & jystem acco a%’&? SR PEEME i | | ustrate the

requirenent for a ﬁgurdqtieqtgcmnam;yﬁémm,cmtc;m-, gaityl d provide a pilot
wth early Figure S is a plan view of a filter wheel of the system;
Figure 6 is a block diagram of the electrical/electronic circuitry of the
S system;
Figure 7 is a flow diagram of a main operating routine of the system;
Figure 8 is a flow diagram of a warning lamp processor routine of the
system;
Figures 9 and 10 are graphs of infrared radiation received vs infrared
10 wavelength for clear sky and cumulus cloud, respectively;
Figures 11 to 13 are graphs of infrared radiation received vs time for
volcanic ash clouds and different infrared wavelengths; and
Figure 14 is a graph of infrared radiation received vs time for a water cloud
and different infrared wavelengths.

15
Infrared radiometers mounted on satellites have provided a significant

amount of data in relation to infrared radiation emitted from the carth's surface, and
absorbed by clouds, over a range of infrared wavelengths. The satellites include
the TIROS-N/NOAA polar orbiting satellites and the Geostationary Meteorological

20  Satcllites (GMS). Analysis of the data has confirmed volcanic ash clouds have a
characteristic infrared signature which enables them to be distinguished from
normal ice/water clouds. A volcanic ash cloud 2, as shown in Figure 1, when
viewed from a satellite, includes a semi-transparent region 4, which in most
instances is disposed around the periphery of the cloud 2 about a more dense

25 centre region 6 which generally absorbs all infrared radiation emitted from the
carth's surface. The infrared semi-transparent region 4, has been shown to exhibit
a "reverse absorption cffect”, which does not occur in similar regions of ice/water
clouds. The effect causes an increase in the infrared radiation received by the
satellite for the region 4 for longer or increased infrared wavelengths, between 10

30 pm and 13 pm. For similar semi-transparent regions of ice/water clouds the

intensity of radiation received by the satellite decreases
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16 warning of the presence of an ash cloud so the cloud can be 17

avoi ded. tem relying on dat a col |l ected fro thes
coul d be |(r?p9f\élrr52%fed however, satellite data for 19 a parFH-u?ar arlga of

the earth's atnosphere is onIy updated 20 periodically. For exanple, data
fromsatellites in a polar 21 orbit is onLy provided four tinmes a day for
nost regions of 22 the earth. Ther ef or a detection system which

can be 23 installed in an aircraft to nonitor conditions ahead of the 24
aircraft is dedirddr Foctrérsingr eori tongerdwbyeleagahsagaothe 28 itfo tli%e pm

system coul d abso dRbECt Opleiradigierass BETRABNSE:E1ef OMENIAS HHY1e
as a clear air tur ence, ch can not

detector element which 1s mounted on a mechanical scanning
device so a video display can be produced of the area
scanned using the infrared intensity signals generated by
the radiometer. For the background 8, which in this case is
the earth's surface, and the centre region 6, the absolute
value for a brightness temperature corresponding to the
radiation received at a selected wavelength can be used to
10- generate the colour displayed. For example, the background
11 8 would appear a shade of blue and the centre region 6 a
12 shade of black. To highlight the existence of the ash cloud
13 2, 1if the difference between the radiation received for =~
14 1long wavelength and a short wavelength in the 10 to 13 um
15 range is positive, the semi-transparent region 4 would be
16 displayed a‘shade of red, according to the magnitude of the
17 difference. If the difference is negative a different
18 colour can be displayed to indicate the cloud is simply an
19 ice/water cloud. Satellite information, however, as
20 discussed previously for a particular area is only updated
21 intermittently and a volcanic ash cloud may move
22 significantly before the information is updated.

23

24 A preferred embodiment of a detection system according
25 ﬁo the present invention, as described in detail hereinafter
26 with reference to Figures 3 to 7, is mounted on an aircraf:
27 and monitors infrared radiation ahead of the aircraft. An
28 aircraft, inflight, is normally directed towards space above
29 the horizon 9 of the earth, as shown in Figure 1. When
30 viewing a cloud 2 and monitoring the infrared radiation
31 received therefrom, the background 8 is space and not the
32 surface of the earth as is the case for satellite
33 radiometers, and it has been found an opposite effect occurs
34 to the reverse absorption effect discussed'abQVe

35
36 A graph 12 of infrared radiation received from a cloud

37 2 wvhen viewed horizontally from the aircraft vs wavelength

W ® 3 o »n
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27 detected vis

ually or by known aircraft detection systens, 28 and

shoul d beWendr@d? by aircraft. 29 30 I n accordance WRAT/AURYOPBIRsent

i nvention there

is 31 provided a detection system for wuse in an

aircraft, 32 conprising neans for nnnitogigg_atnnspheric condi ti ons ahead

33 of said air

at nospheric cond

i nformati on which

t he adverse cohdi
2
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craft, generating an alarm signal if adverse 34
Itions exist ahead of said aircraft, and 35 generating

oENILEat 9, 118 PO 59,9t ra 28003 70rs GEETSE AP O33R
12 the radiation intensities have been converted to
corresponding brightness temperatures. For the 9 to 13 um
range, infrared radiation received is approximately directly
proportional to the corresponding brightness temperature.
Two curves are illustrated in the_graph 11, one curve 13
relating to infrared radiation received from the semi-
transparent region 4 of a volcanic ash cloud, and the other
curve 15 relating to the radiation received from the semi-
transparent region 4 of a cloud containing ice particles.
The graph 11 illustrates the opposite effect which occurs in
that for the semi-transparent region 4, the infrared
radiation received decreases with respect to increasing
wavelength in the 10 to 13 um region for ash clouds, whereas
radiation received increases with respect to increasing
wavelength for ice clouds. A cloud containing water
droplets would behave in a similar manner to a cloud
containing ice particles. The opposite effect is believed
to occur because an aircraft views clouds ahead against a
relatively cold background 8, such as space, whereas a
satellite'radiometer views clouds against a relatively warm
background, the earth's surface. According to the graph 11,
the difference between radiation received for two
wavelengths within the 10 to 13 um region is greatest for 10
pm and 12 pm. By analysing the difference between radiation
intensities received at 10 to 12 pm as brightness
temperature readings, the detection syétem is able to
distinguish between ice/water clouds and volcanic ash
clouds. I1f the difference between 12 pm  brightness
temperatures and 10 um brightness temperatures is negative
this indicates the presence of a volcanic ash cloud, whereas
if the difference is positive, an ice/water cloud 1is
present. The differences will only occur for radiation
received from the semi-transparent region 4 of a cloud 2.
Radiation received from the dense centre region 6 of a cloud
2 and the background 8 will be substantially the same for 10

pm and 12 pm.
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-3 - The adverse conditions may conprise a volcanic ash cloud, a high

densitygﬁaﬁﬁﬁgﬂgyr di oxi de gas and/or clear air turbulencep F% ArGRSHt

i pventi provi des a detection systemfor an aircra conpri si ng
nmeans for detecting the presence of a vol canic ash cloud ahead of said
aircraft, and neans for alerting a pilot 8f-said aircraft to the presence
of said cloud. Preferably said detection systemincludes neans, responsive
to detection of said ash cloud, for generating information representative
of the positilon of said ash 10 cloud relative to said aircraft. Preferably

sai d alertlng means fﬂété§9§€a5 %d%§ sulphuric acid droplets and particles

3 in a cloud 2 also effects the radiation received in the same
manner as for ash clouds. A negative difference between the
12 and 10 pm readings therefore indicates the presence of an
ash cloud or/and a cloud containing sulphuric acid droplets
or particles. Furthermore, the level at which sulphur
dioxide absorbs infrared radiation varies with respect to
the wavelength of the radiation, and maximum absorption
10 occurs at 8.9 ym. Therefore, by also monitoring infrared
11 radiation received at 8.9 um, the detection system is able
12 to detect increased 1levels of sulphur dioxide in the
13 atmosphere, which can be used to confirm the presence of a

O 0 3 O v

14 wvolcanic ash cloud.

15
16 The detection system is also able to detect the

17 presence of clear air turbulence by measuring infrared
18 emission from water vapour anomalies in the upper
19 troposphere. The anomalies occur due to turbulent motions
20 in the troposphere which transport water vapour rich air
21 upwards into layers which are otherwise dry. The presence
22 of the moist layers .can be detected by examining the
23 difference between the 12 um radiation and 6.3 pm radiation
24 received by an aircraft. If the difference exceeds a
25 predetermined threshold, the existence of clear air
26 turbulence can be inferred.

27
28 The detection system includes a detection unit 10, as

29 shown in Figures 3 and 4, which is housed in an opaque
30 casing 12. The casing 12 has an opening 14, which includes
31 an infrared transmissive window 16. The window 16, which is
32 preferably an IRTRAN-2 window or similar, only allows
33 infrared radiation within a predetermined wavelength range
34 to enter the casing 12. The predetermined range includes
35 the wavelengths of interest, 6.3, 8.9, 10 and 12 pm. The
36 window 16 transmits received radiation 18 onto an offset
37 paraboloid reflector 20 mounted on an opposite wall of the
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néans for generating display signals for producing a display of said

i nf or mat i @p.91F; rably said detecting nans is also able to e
pr-esence OP su{sg%fr di oxi de and/or clear air turbul ence. 15 P%ﬁ%?@%h}ﬂsyzsai d
detecting neans and al erting neans include neans for nonitoring infrared
radi ation received by said aircraft, filgeg means for generating intensity
signals representative of the intensity of " predeterm ned wavel engt hs of
said radiation, and processing neans for conparing the intensity signals of
two of 20 sal d grssde erk? ndd'Omatbeengntiovwahtl, gemeshovngim Riguemi 3. ash The
cl oud war ni ng, si leddort NO0 ge¢hbecel ahiec500RAL 8RE 14 £Aidh B aBh& 0yd

Is present. Preferably said warning signal is generated if_said |ntensit
si gnal s i ndi cht dletector array 22.° The array 22 includes 256 x 256 HgCdTe

infrared detector elements. The detector elements each
generate signals which can be used to produce a pixel in a
video display. The array 22 eliminates the need for any

form of mechanical scanning apparatus.

O W N o0 o

The unit 10 is mounted onto an aircraft, preferably in
10 the nose of the aircraft, so the window 16 is directed
11 towards the field of view ahead of the aircraft. The
12 detector array 22 will then receive an infrared image of the
13 field of wview ahead of the aircraft of * 5° in the
14 horizontal and vertical planes. The image received by the
15 array 22 represents an area of 17.5 km? 100 km from the
16 aircraft. The detector array 22 is cooled to maximise its
17 sensitivity'to infrared radiation.

18

19 The unit 10 includes a chopper propeller 24, as shown
20 in Figures 3 and 4, which includes two oppositely disposed
21 blades 26 and 27, and is rotated at a frequency of 50 Hz by
22 a chopper motor 28. The angle between the opposite sides of
23 each blade 26 and 27 is 90°* and as the chopper 24 is rotated
24 the blades intermittently prevent radiation from the window
25 16 from being received by the reflector 20, and in turn the
26 array 22. Instead, when a blade 27, aé shown in Figure 4,
27 is disposed between the window 16 and the reflector 20, the
28 array 22 only receives the radiation of the chopper 24. The
29 chopper 24 therefore modulates the atmospheric radiation
30 received by the array 22 from the window-16 at a frequency
31 of 100 Hz. Modulation of the atmospheric radiation causes
32 the signals generated by the array 22 to be in the form of
33 amplitude modulated signals having a 100 Hz carrier which is
34 modulated in accordance with the intensity of the
35 atmospheric radiation 18. Signals representative of the
36 received radiation are extracted from the modulated signals
37 wusing a synchronous detector, as described hereinafter with
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radi ation received of the | on(eisSheanek BegiRapliced | €ss than radiation received
of the 25 shorter wavel engt h. d nonitoring neans an infrared
det ect orWEHAL73Nd sai d | ntensimmmngﬂy,ﬂnlate to pi xel s pafT/avdVoRr32aY,
such that intensity signals of eac redet er m ned wavel engt hs
correspond to each one of said pixels and said 30 processi ng nmeans

generates display signals representative Bf _the position of said ash cl oud
relative to said aircraft on the basis 011 said intensity signals and

position -4-

1 reference to Figure 6. Modulation of the received radiation
2 18 by the chopper 24 enables electrical signals to be
3 derived which are only representative of the received
4 infrared radiation and do not include components due to
5 stray light or radiation reflected within the unit 10. Also
6 the high chopping frequency reduces 1/f noise which may
7 appear in the radiation signals.

8

9 The size of the unit 10, if desired, can be reduced
10 considerably by excluding the chopper 24. Signal components
11 produced by ambient and stray radiation within the unit 10
12 and 1/f noise would then need to be suppressed by
13 appropriate filtering circuitry or other means.

14 .

15 The detection unit 10 includes a temperature and
16 optical sensor circuit 30, which measures the temperature of
17 the radiation emitted from the chopper 24 so as to provide a
18 reference for converting received atmospheric radiation
19 intensities to corresponding brightness temperatures. The
20 circuit 30 also is responsive to light received from a light
21 source 32 to generate a synchronising signal for use by the
22 synchronous detector. 'The blades 26 and 27 of the chopper
23 24 pass between the light source 32 and the circuit 30 so as
24 to intermittently prevent the circuit 30 receiving 1light
25 from the source 32. The synchronising signal enters one
26 state when 1light from the source is received and another
27 state when a blade 26 or 27 is disposed between the source
28 32 and the circuit 30.
29
30 The received radiation after being reflected by the
31 reflector 20 is filtered by a gquadrant 38 of a filter wheel
32 34, as shown in Figures 3 and 5, before the radiation 18 is
33 incident on the array 22. The filter wheel 34 is connected
34 and rotated by a filter wheel motor 36 and the wheel 34
35 completes a revolution every second. The quadrants 38 of
36 the wheel 34 each include a respective infrared filter for
37 one of the four wavelengths of interest. The filters of the
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signals representative of the position of said aircraft. Preferably said

di splay is generated when said processing neans determ nes said ash cl oud

i s preseWOITHSTH esent invention al so provides a met hod of PEE{AEI/AYY32
adverse 5 atnospheric conditions, conprising nonitoring infrared radiation
received by an aircraft, generating signalLsjrepresentative of the intensity
of at | east one predeterm ned wavel ength of said radiation, processing the

intensity sign QERCAIRMW i ¢britsSiing thersd' td dabd RiGUghY
si gnal s indi catadeuag??gg%dv'g%se cgﬁdﬁwg are presenr%tt. clO tPrﬂef erablgg/1 uslfali d
war ni ng si gnal quadigen3d$.aTbe quadranty 38 ase odtated drom thefpath ofibe Iradiatéon Whscebsengt h

's less than a td E%:»lolsJi?lox? fthcsé&]géﬁngf t(;)urad}art]i? 3§,h8lrc}}?b.2\§as\c/§)ln%sr?gtl'né array 32 therefore
generates modulated signals representative of once of the four wavelengths every
5 0.25 seconds and the modulated signals can be considered to belong to one of four
wavelength channels. The filter wheel 34 and motor 36 could, of course, be
omitted and replaced by appropriate filtering circuitry or other means which would

extract the channel signals from signals representative of the broad infrared band

received.

10
A signal processing circuit 40 for processing the modulated signals is

housed in the casing 12, as shown in Figures 3 and 4, together with the optical and
mechanical components of the detection unit 10. The processing circuit 40, as
shown in Figure 6, includes a detector sensor circuit 42, a synchronous detector 44,

15 an amplificr converter circuit 46 and a microprocessor 48. The sensor circuit 42
includes the detector array 22 and passes the modulated signals generated by each
array clement for each wavelength channel, to the synchronous detector 44. The
detector 44 extracts the modulation envelope from the signals outputted by the
sensor circuit 42, using the synchronising signal received on line 50 from the

20 temperature and optical sensor circuit 30. The extracted envelopes represent the
received infrared intensities for each clement of the array 22 for the four channels.
The amplifier converter circuit 46 amplifies the intensity signals and converts the
signals to 256 x 256 digital pixels, each including values of radiation received for
the four channels and corresponding to a respective array clement. The pixels are

25 then processed by the microprocessor 48 in accordance with a software routine,
described hereinafter with reference to Figures 7 and 8, to determine whether the
pixels indicate adverse atmospheric conditions are present ahead of the aircraft. If

adverse
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Preferably said signals relate to pixels of an infrared detector array, and
said 15 net urther includes generating a display of themasiiiogis20f
sai'd adVé?%Qgggg ' '

nditions relative to said aircraft on the basis of sai

signals. The present invention further provides an aircraft conprising a
detection system as described above. 2Q Rreferably said | onger wavel ength
Is approximately 12 [err] and the shorter wavelength is approximately 10
[err]. Preferably the predeterm ned wavel engt hs include two further

wavel engt hs,1 6 desidijtiohschdoel exist t & (weerrdetgediompgn 62 chkedroui ras urdudlience

and 9 [err] fMﬂdg}nﬁﬁbatg?gﬁglde§@CtéfH]éyff$§tgﬁuﬁndiQﬁédecogﬁpit of the
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29
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33
34
35
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aircraft to alert the pilot to the existence of the
conditions. The microprocessor 48 then activates a visual
display .unit 56, also mounted within the cockpit, and
supplies RGB signals, derived from the digital pixels, to
the unit 56 so as to generate a display for the pilot which
indicates the position of the adverse conditions relative to

the aircraft.

The main operating routine 60, as fllustrated in Figure
7 begins at step 62 where the digital pixels are received by
the microprocessor 48. The four channels can be designated
channel 1 for the 6.3 ym wavelength channel, channel 2 for
the 8.9 pm wavelength channel, channel 3 for the 10.0 um
wavelength channel, and channel 4 for the 12.0 pm wavelength

channel. The mnmicroprocessor 48 also receives a signal
representative of the chopper temperature, TC, via the line
50, detector 44 and converter circuit 46. Next, at a

calibration step 64, the intensity values of the pixels are
converted to corresponding brightness temperature values
using predetermined calibration values, the chopper
temperature TC and the chopper radiation intensity received
as a reference. The calibration step 64 produces respective
brightness temperature values T1, T2, T3, T4 for the four
channels for each pixel. The routine 60 then proceeds to
step 66 where differences between channel temperatures are
calculated, as reguired, and then at step 68, the array of
pixels are rearranged so they can be used to produce @&
display for the pilot which is orientated to correspond with
the view that the pilot has from the aircraft. For
instance, the infrared image received by the detector array
22 may be inverted with respect to the view the pilot has
from the cockpit and the arrangement of the pixels
representative of the image would need to be inverted before

being used to display the image.

THIS SHEET HAS BEEN

This Sheet Has Been RTlaced
REPLACED

(D




A preferred enbodi nent of the present invention will now bmﬁghm%, by

way of eWEhHVES7dhly, with reference to the acconpanying dr

erein:

Figure 1 is a diagramof a volcanic ash cloud; Figure 2 is a graph of
infrared radiation received fromice/water clouds and 30 vol cani c ash
clouds vs infrared wavel ength; Figure 3-id3a-schematic side view of a
preferred enbodi nent of a detection unit of a system according to the
present invention; Fhgdee 4the piselamathavd r drgeni a@ppedt heou t ; desired

2
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orientation at step 68, information concerning position of
the horizon line is inserted in the pixel array at step 70.
The position of the horizon line is determined at step 70 on

' the basis of altitude, pitch and bearing signals received by

the microprocessor 48 from the cockpit. The pixels are then
analysed in a warning lamp processor routine 72 and used in
a video signal production step 74. The warning lamp
processor routine 72 analyses pixel arrays to determine
whether an ash cloud, sulphur dioxide or clear air
turbulence is present ahead of the aircraft and activates
respective warning lamps 77, 79 and 81, accordingly. At the
video signal production step 74, selected values of the
pixels are used to generate Red, Green and Blue (RGB)
signals which are supplied to the video display unit 56.
How the temperature values are used to generate the RGB
signals depénds on the result of the analysis by the warning
lamp processor routine 72. For example, if the difference
between the temperature of the fourth channel and that of
the third channel is negative the value of the difference is
used to generate a Red signal at step 74 of the routine 60,
whereas if the difference is positive the value of the
difference is used to produce a Green signal. If, however,
there is no difference between channels three and four for
the pixel, and the value of channel four indicates a cloud
is not present, the value of channel four is used to
generate a Blue signal, whereas if the value indicates a
cloud is present, the value is used to generate a Red Green
and Blue signal, together so as to produce a black colour on
the display 56. The display unit 56 also may only be
activated when an alarm condition occurs. After steps 72
and 74, the routine 60 proceeds back to step 62.

The pixels of the array are analysed consecutively by
the warning lamp processor routine 72, as shown in Figure 8.
The routine 72 begins at step 76 where the brightness
temperatures are extracted from the current pixel and a
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Figure 5 is a plan view of a filter wheel of the system Figure 6 is a
bl ock di agram of the electrical/electronic circuitry of the 5 system
Fi gure MOI1&4s7Bdw di agram of a main operating routine of PO¥/sYysi/egm32
Figure 8 is a flow diagram of- a warning | anp processor routine of the
system Figures 9 and 10 are graphs of infrared radiation received vs
infrared 10 wavel ength for clear sky and tnul us cl oud, respectively;
Figures 11 to 13 are graphs of infrared radiation received vs tine for

vol cani ¢ ash_cl ouds, and different igftaged wavel en thgé and _Figure 14 is a
graph of inftarREeYiRHSY onSFREERY BT $8 EPREST oF® M€ J&y- for  the
2

background B8 is retrieved, together with threshold values
for the detection of an ash cloud, sulphur dioxide gas, and

3
4 clear air turbulence, TA, TS, TC, respectively. The
5 threshold values in a number of instances would be
6 approximately O. The temperature TB and the threshold
7 wvalues TA, TS and TC are determined by the microprocessor 48
8 on the basis of information concerning the position and
9 orientation of the aircraft, such as altitude, pitch ang
10 latitude.
11
12 The routine 72 then proceeds to step 78 where &

13 comparison is made between the temperature of the fourth
14 channel and the background temperature. If T4 is less than
15 TB this indicates the pixel corresponds to a cloud and the
16 routine 72 proceeds to step B0 where the difference between
17 the temperétures of the third and fourth channels is
18 compared with the ash threshold TA. If the difference is
19 greater than TA an Ash count is incremented at step 82,
20 othervise an ice/water count W is incremented at step 84.

21

22 If the pixel is determined at step 78 not to relate to
23 a cloud, the routine 72 proceeds to step 86 where the
24 difference between the brightness temperature of the second
25 channel and the fourth channel is compared with the sulphur
26 dioxide threshold TS. 1I1f T2-T4 > TS this indicates the
27 atmosphere corresponding to the pixel contains sulphur
28 dioxide particles and a sulphur dioxide counter S is
29 incremented at step 88. If the comparison at step 86 does
30 not prove positive, a comparison is made at step 88 with
31 respect to the difference between the temperature of the
32 first channel and the temperature of the fourth channel and
33 the clear air turbulence threshold TC. If T1-T4 > TC, this
34 indicates the atmosphere corresponding to the pixel includes
35 clear air turbulence and a clear air turbulence counter C is

36 incremented at step 92.
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a;nd different infrared wavel engths. 15 Infrared radi oneters mounted on
satel | i t WO beyer3provi ded a significant anmount of data in repatiAQmivedis:
infrared radiation emtted fromthe earth's surface, and absorbed by

clouds, over a range of infrared wavel engths. The satellites include the
TI ROS- N NOAA pol ar orbiting satellites andlfie Geostationary Meteorol ogi cal

20 Satellites (GWS). Analysis of the data has confirnmed vol canic ash

cl ouds have a char adMististps 88 2.+ 8¢ and $dathsrrautins pracesdnin @ step (94nwhease be

di stingui shed fhOMIHQ SFahe k664
shown in Figure 1, en Vi eweci ( _
sem -t r anspar emtcounigéxseeding tiei total nnmbersof pine$ forcansartay and shassctep 96)3d t he

?@ceéxaﬁi%qﬁ'qcérﬁ‘xmcﬁ? Qﬁj %rgogﬁ]aéﬂ Qi’gt, %UChaaSs

roma satellite, inc

periphery of t D:ﬁcc?cl i(s)lxjxgadg tg tggcu}f a?] &D trhg p?):et:pssgf an array have been processed. If all of
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the pixels have not been processed, the routine 72 proceeds to step 76, otherwise
the routine executes four decision steps 98, 100, 102 and 104. At step 98, if the
ash count A exceeds an ash cloud existence threshold, a volcanic ash cloud exists
ahead of the aircraft and a corresponding red warning lamp 77 is illuminated in the
cockpit to alert the pilot. Similarly, at steps 100 and 102, if the sulphur dioxide
and clear air turbulence counts S and C exceed corresponding existence thresholds,

corresponding red warning lamps 79 and 81 are illuminated in the cockpit

accordingly.

If one of the decision steps 98, 100 or 102 produces a positive result and a
red wamning lamp is illuminated, an activation flag is set and the routine 72 passes
operation of the processor 48 to the video signal production step 74, and all of the
counts A, W, S and C are reset. In response to the activation flag being set, the
video display unit 56 is activated and a display gencrated, which provides the pilot
with a visual representation of the location of the adverse condition detected
relative to the aircraft. The display viewed by the pilot when a volcanic ash cloud
2 is present is similar to that illustrated in Figure 1, where a horizontal line 9 will
be placed across the display, the semi-transparent region 4 would appear in a
shade of red and the centre region 6 appears black. The background 8 is coloured
a shade of blue. As the pilot moves the aircraft relative to the cloud 2 to avoid the
cloud the display is updated accordingly so as to show the pilot's movement away

from the cloud 2.

The presence of sulphur dioxide gas, if detected, could also be displayed.
However, detection of the gas would normally be used as confirmation that a
volcanic ash cloud exists ahcad of the aircraft. The clear air turbulence anomalies,

when detected, are displayed on the visual display unit 56 as colour encoded
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25 centre region 6 which generally absorbs all
fromthe earth's surface.
shown t oWEXHIYHI7B9a "reverse absorption effect”,
simlar regions of ice/water clouds.
infrared radiation received by the satelli
i ncreased infrared wavel engths, between I0

infrared radiation emtted
The infrared sem -transparent region 4, has been
whi ch does PCIVAUBLA00132N
The effect causes an increase in the
{§ for the region 4 for |onger or
O [err] and 13 [err]. For

e L aARRR Sfl @g{@pfo@fm 'El L Elived QLR 6.9 RS 1Y Of

radi ati on recei ve

10

15

20

30

For adverse atmospheric conditions at a range of 100 km and with the
aircraft travelling at an airspeed of 600 km/hour, the detection system provides

approximately ten minutes warning to the pilot.

At step 104 of routine 74, a decision can be made as to whether the state of
the ice/water count W indicates a cloud ahead of the aircraft is a water/ice cloud
and a display of the cloud can be provided if desired. The cloud would be
displayed in a similar manner to a volcanic ash cloud, as described above, except
the semi~transparent region 4 would appear green. To indicate the system is
functioning correctly a series of green lamps are provided for each adverse
condition capable of being detected. The green lamps are illuminated if none of

the adverse conditions are present ahead of the aircraft.

A detection unit similar to the detection unit 10 described above was placed
in an aircraft and tested during 8 to 14 December 1990 over Hobart in the State of
Tasmania. The unit was placed in the port wing of the aircraft and mounted so as
to receive radiation in front of the aircraft. At an altitude of 12000 feet the aircraft
was directed to view horizontally clear sky and then at 10000 feet was directed to
view borizontally a cumulus cloud. Readings were obtained by the unit over a 10
to 12 pm wavelength range as illustrated in Figures 9 and 10. The data points
represent an average of S5 to 10 seconds of data received and the error bars
represent the standard deviations about the means. Figure 9 illustrates the radiation
received from the clear sky which was seen to decrease from 10.2 um to minimum
near 10.8 um and then again increase towards 12.0 um. The warmer sky at 10.2
pm is due to radiation received from a warm band of ozone centred at 9.6 pm.
The radiation received from the cumulus cloud is illustrated in Figure 10 and
sbows the cloud appears to be warmer at longer wavelengths. The two examples
demonstrate that a detection unit 10 directed horizontally towards clear and/or
cloudy skies experiences a marked increase in radiation reccived from the 10.8 pm
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1 for increasing or |longer wavel engths in the 10 to 13 [err] 2 range.
The radioneters of the satellites include a single 3 detector elenent

whi ch | 3OBUASEE on a nechanical scanning 4 device so a vi BeY/ARYAIUG2 can
be produced of the area 5 scanned using the infrared intensity signals
generated by 6 the radioneter. For the hagkground 8, which in this case is
7 the earth's surface, and the centre region 6, the absolute 8 value for a
bri ghtness t egpef 9tyith vRelchgaponding to the 9 radiation received at a

sel ected wavel ength can be Used to 10 generate the col our displayed. For
exanpl e, the background 11 8 would appear a shade of blue and the

centre region 6 %ctwccn 3 and 18 March 1991, another detection unit, similar to the

detection unit 10 described previously, was tested at the Sakurajima Volcanological
5 Observatory (SVO), Aﬁmuré, Mt Sakurajima on the south Japanese island of
Kyushu. The unit was mounted for ground based vicWing of volcanic ash clouds
produced by eruptions from the Mt Sakurajima volcano. The detection unit was
mounted to view the ash clouds substantially horizontally and at various elevations
and Azimuth angles, in a similar manner as the clouds would be viewed ahead of
10 an aircraft in flight. The results are illustrated in Figures 11 to 14 and the heading
of each Figure indicates the local time at the start of the measurement cycle, the
date, the location, the type of cloud being viewed, the clevation angle (El in
degrees) and the Azimuth angle (Az in degrees) of the detection unit. Figure 11
shows the brightness temperatures corresponding t(; infrared radiation received at
15 10.8 pm and 11.9 pm from a volcanic cloud approximately 3 km away. The
brightness temperature at 10.8 pm is clearly greater than that at 11.9 pm. The
volcanic cloud was laden with ash. A second example is illustrated in Figure 12
for a dispersed volcanic cloud. Brightness temperatures were obtained for the 10.2
pm and 12.0 pm wavelengths and again the brightness temperatures for the shorter
20 wavelength were distinctly greater than those for the longer wavelength. The
detection of sulphur dioxide to confirm the presence of a volcanic ash cloud was
also tested and Figure 14 shows brightness temperatures as a function of time for
five infrared wavelengths whilst the detection unit was used to view a water cloud.
The wavelengths cxamined included 8.7, 10.2, 12.0, 10.8 and 11.9 pm. For the
25 water cloud, it is clear that the brightness temperature at 8.7 um is lower than that
at 11.9 or 12.0 pm. Whereas when viewing a volcanic ash cloud the brightness
temperature at 8.7 pum is greater than the signals for all of the other channels, as
indicated by the results illustrated in Figure 13. The enhanced signal at 8.7 pm is
duc to emission from sulphur dioxide and this was confirmed by measurements
30 taken at the same time from a correlation spectrometer, which indicated that there

was large amounts of silicon dioxide in the Mt Sakurajima volcanic clouds.
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1;2 shade of black. To highlight the existence of the ash cloud 13 2, if
the difference between the radiation received for a 14 long wavel ength
and a sh¥Q9Mgs78Pength in the 10 to 13 pm 15 range is PAAVAUIEPOL3Re
sem -transparent region 4 would be 16 displayed a shade of red,
according to the magni tude of the 17 difgerence. If the difference is
negative a different 18 colour can be displayed to indicate the cloud
is sinply an 19 |»f:ﬁ,[ t&4 O 6 :Erg, L, ver
as 20 discussed previ {s?{sc %I(l)r&gaic%%crdtsﬂﬁ%u+a rg%rﬂéﬂs%{ron{j tm&pd é&g
i ntermittent| yunit Hhdirected suhstaoaailychormnhtally ¢dweards voloamjc ashrmwszzpcncnccs
significantly be fharked Jccrcascnifnorg ttitl)noxr’lzclclg B t%c 10.2 um to the 12.0 pm
wavelengths, and that the 8.7 um channel can be used to detect the presence of

5 sulphur dioxide.
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23 24 A preferred enbodi nent of a detection system according 25 to
t he presevboif¥eRtion, as described in detail hereinafter 2pcrmtidizeos2
reference to Figures 3 to 7, is mounted on an aircraft 27 and nonitors
infrared radi ati on ahead of the aircraft. An 28 aircraft, tnfTight, 715
normal |y directed towards space above 29 -t¥e- horizon TlﬁsShBetthEBe&aRé BiceddS
shown in Figure 1. Wen 30 viewing a cloud 2 and m)

infrared radi aCL&8#MS1 received therefrom the backgro H"E HM and
not the 32 surface of the earth as is the case e 33

radi oneters, and it has been found an opposite effect occurs
1. A detection system for use in an aircraft, comprising detecting means (10)

for monitoring atmospheric conditions ahead of said aircraft, generating an alarm
S signal if adverse atmospheric conditions exist ahead of said aircraft, and generating

information which indicates the position of said adverse conditions so the adverse

conditions can be avoided.

2. A detection system as claimed in claim 1, wherein the adverse conditions

10 include a volcanic ash cloud, a high density of sulphur dioxide gas and/or clear air

turbulence.

3. A detection system as claimed in claim 1 or 2, wherein said detecting
means (10) is adapted to generate video display signals for producing a video
15 display which indicates the position of said adverse conditions relative to said

aircraft.

4. A detection system as claimed in claim 1, 2 or 3 wherein said detecting
means (10) includes means (16, 20, 22, 24) for monitoring infrared radiation

20 received by said aircraft, filter means (34, 42, 46) for generating intensity signals
representative of at least one predetermined wavelength of said radiation, and
processing means (48) for comparing the intensity signals with reference signals or
intensity signals of another infrared wavelength and generating an adverse
condition warning signal if the results of said comparison indicates said adverse

25 conditions arc present.

5. A detection system as claimed in claim 4, wherein said warning signal is
generated if said intensity signals indicate radiation received of a longer
wavelength is less than radiation received of a shorter wavelength.

30
6. A detection system as claimed in claim S, wherein said wavelengths fall

—_—
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34 to the reverse absorption effect discussed above 35 36

of infrared radiation received froma cloud 37 2 when vi
198 the aircraft vs wavel engt h -7- 1 P%L?‘e{ﬂ?‘&n on

her i zontﬁ'ﬁ%’

A graph 12

is illustrated in Figure 2. In the graph 2 12 t he radlatlon

intensities

t enper at ur es.

10

15

20

30

For the 9 to 13 pm
with the range of 10 to 12 um.

have been converted to 3 gorrespondi Nng THid Wbt A&SSeen R ’i

WA

7. A detection system as claimed in claim 6, wherein said monitoring means
(16, 20, 22, 24) includes an infrared detector array (22) and said intensity signals
relate to pixels of said array, such that intensity signals of cach of said wavelengths
correspond to cach one of said pixels, and said processing means (48) generates
display signals representative of the position of said adverse condition; relative to

said aircraft on the basis of said intensity signals and position signals representative

of the position of said aircraft.

8. A detection system for an aircraft, comprising means (10) for detecting the
presence of a volcanic ash cloud ahead of said aircraft, and means (48, 52, 54, 66)

for alerting a pilot of said aircraft to the presence of said cloud.

9. A detection system as claimed in claim 8, including means (48), responsive
to detection of said ash cloud, for generating information representative of the

position of said ash cloud relative to said aircraft.

10. A detection system as claimed in claim 9, wherein said alerting means (48,
52, 54, 56) includes means for generating display signals for producing a display of

said information.

11. A detection system as claimed in claim 8, 9 or 10 wherein said detecting

means (10) is also able to detect the presence of sulphur dioxide and/or clear air

turbulence.

12. A detection system as claimed in claim 8, 9 or 10, wherein said detecting
means (10) and alerting means (48, 52, 54, 56) include means (16, 20, 22, 24) for
monitoring infrared radiation received by said aircraft, filter means (34, 42, 46) for
generating intensity signals representative of the intensity of predetermined
wavelengths of said radiation, and processing means (48) for comparing the
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4'range, infrared radiation received is approximtely directly 5

proporti emedi/isyphe corresponding brightness tenperature. Gpdia@4foogs: are
iklustrated in the graph 11, one curve 13 7 relating to infrared _
radi ation received from the sem - 8 transparent region 4 of a volcanic

ash cloud, and the other 9 curve 15 rélating to the radiation received
|on 4 qf ud containin I ce

Darticl'es. 11 i%"b%@%ﬁ‘%%r@gf%e reféeﬂ'frﬁunwgw langtisrend Eengiehaoccur s | n

particles.
12 that for vélbic s€intlobd WABMAL Sighal if Akt RBultsof tht BEmparisdh iAbieste 27 as!f
radiation received decreases wth respect to | ncrea5| ng 14 wavel ength

in the 10 to 19opiS Gk for ash clouds, whereas

5 13. A detection system as claimed in claim 12, wherein said warning signal is
generated said intensity signals indicate radiation received of the longer wavelength

is less than radiation received of the shorter wavelength.

14. A detection system as claimed in claim 13,. wherein said monitoring means
10 (16, 20, 22, 24) includes an infrared detector array (22) and said intensity signals
relate to pixels of said array, such that intensity signals of cach of said
predetermined wavelengths correspond to each one of said pixels and said
processing means (48) generates display signals representative of the position of
said ash cloud relative to said aircraft on the basis of said intensity signals and

15  position signals representative of the position of said aircraft.

15. A detection system as claimed in claim 7 or 14, wherein said processing
means (48) exccutes said comparison for each of said pixels and a count is
adjusted when the difference between the intensity signals, corresponding a

20 rcspcctivc pixel, of said longer wavelength and said shorter wavelength is negative,
and said warning signal is generated when said count exceeds a predetermined

threshold.

16. A detection system as claimed in claim 15, wherein said longer wavelength

25 and said shorter wavelength, which relate to the detection of volcanic ash cloud,

are approximately 12 um and 10 pm, respectively.

17. A detection system as claimed in claim 16, wherein said predetermined
wavclengths include approximately 9 um which relates to the detection of sulphur -
30 dioxide.
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15 radiation received increases with respect to increasing 16

wavel en i ce clouds. A cloud containing ets
woul d gl';lﬁag\l/;el%39 a simlar manner to a cloud 18 contg{:ﬁ %919{;63@5

partlcl es. The opposite effect is believed 19 to occur because an
aircraft views clouds ahead . against a 2022 relatively cold background
8, such as space, whereas a 21 satellite radioneter views clouds

agai nst a rel aflBvel A dateation2@stelnaskadpimeadith claine 16artl7, syhminfadﬂa Accor di ng
rec |ved for

to the graph 11, 23 i fferen betwee adi at.i.on
two 24 Cwavel sRtCREITER v ErRe e sppainains 6 B2 At B 10 25 | o
and 12 pm Bydaeaionsefdedr 3§ ®itulcgeence bet ween radl ation

5 19. A detection system as claimed in claim 18, wherein said processor means
(48) gencrates a clear air turbulence wamning signal when said intensity signals
indicate a cloud is not ahead of said aircraft and said intensity signals indicate
radiation reccived for said 6 pm wavelength is greater than radiation received for
said 12 pm wavelength.

10
20. A detection system as claimed in any one of claims 14 to 19, wherein said

display signals arc generated when said processing means (48) determines said ash

cloud is present.

15 21. A method of detecting adverse atmospheric conditions in an aircraft,
comprising monitoring atmospheric conditions ahead of said aircraft, generating an
alarm signal if adverse atmospheric conditions exist ahead of said aircraft, and
generating information which indicates the position of said adverse conditions so

the adverse conditions can be avoided.

22. A method as claimed in claim 21, wherein the adverse conditions include a
volcanic ash cloud, a high density of sulphur dioxide gas and/or clear air

turbulence.

25 23. A method as claimed in claim 21 and 22, including generating a display

which indicates the position of said adverse conditions relative to said aircraft.

24. A method as claimed in claim 21, 22 or 23, including monitoring infrared
radiation received by said aircraft, generating intensity signals representative of at

30 lecast onc predetermined wavelength of said radiation, comparing the intensity

signals with reference signals or intensity signals of another infrared wavelength
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26 intensities received at 10 to 12 pm as bri ght ness 27

t enper at YR8 ngs, the detection system is able tBCPAUII/00132
distinguish between ice/water clouds and volcanic ash 29 cl ouds.

If the difference between 12 pm brightness 30 tenperatures and 10
pm brightness tenperatures is negative 31 this indicates the presence of

a vol cani ¢ ashagd g&iiram@earnemcé@coﬁéluoﬂ Bemih §iERAIGNAR redults dIQSId i ve, an
ice/water cloud "is 33" present. differences will only occur for

radi ati on 34 ¢Qmparisen mdwamshrdearbferspmn@ngmammrcscegu on 4 of a cloud 2.
35 Radiation received fromthe dense centre region 6 of a cloud 36 2 and
t he background 8 will be substantially the same for 10

25. A method as claimed in claim 24, wherein said warning signal is generated

S if said intensity signals indicate radiation received of a longer wavelength is less

than radiation received of a shorter wavelength.

26. A method as claimed in claim 25, wherein said wavelengths fall with the

range of 10 to 12 pm.

10
27. A method as claimed in claim 26, wherein said monitoring step involves

using an infrared detector array and said intensity signals relate to pixels of said

array, such that intensity signals of cach of said wavelengths correspond to each

one of said pixels, and display signals representative of the position of said adverse
15 conditions relative to said aircraft are generated on the basis of said intensity

signals and position signals representative of the position of said aircraft.

28. A method as claimed in claim 27, wherein said comparison is performed for
cach of said pixels and a count is adjusted when the difference between the

20 intensity signals, corresponding a respective pixel, of said longer wavelength and
said shorter wavelength is ncgative, and said warning signal is generated when said

count exceeds a predetermined threshold.

29. A method as claimed in claim 28, wherein said longer wavelength and said
25 shorter wavelength, which relate to the detection of volcanic ash cloud, are

approximately 12 pm and 10 pm, respectively.

30. A method as claimed in claim 29, wherein said predetermined wavelengths
include approximately 9 pm which relates to the detection of sulphur dioxide.

30
31. A method as claimed in claim 29 or 30, wherein said predetermined
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37 pmand 12 pm -8- 2 The existence of sulphuric acid droplets
and particles 3 in a cloud 2 also effects the radiation received in the
same 4 ¥RA(1343%for ash clouds. A negative difference bet REEMAENL0W322 and
10 pmreadings therefore indicates the presence of an 6 ash cloud or/and a
cl oud containing sulphuric acid droplets 7 or particles. Furt her nore,
the level at which sulphur - 24 -

wavelengths include approximately 6 um which relates to the detection of clear air

turbulence.

32. A mcthod as claimed in claim 31, including generating a clear air
5 turbulence warning signal when said intensity signals indicate a cloud is not ahead
of said aircraft and said intensity signals indicatc radiation received for said 6 um

wavelength is greater than radiation received for said 12 um wavelength.

33. A method as claimed in any one of claims 27 to 32, wherein said display

10 signals are gencrated when said ash cloud is present.

34.  An aircraft comprising a detection system as claimed in any one of claims 1

to 20.

15
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8 dioxide absorbs infrared radi ation varies with respect to 9 the

wavel ength of the radiation, and maxi mum absorption 10 occurs at 8.9 pm
Therefore, by also nonitoring infrared 11 radiation received at 8.9 pm the
detection systemis able 12 to detect increased | evels of sul phur dioxide
in the 13 atnosphere, which can be used tQsgonfirmthe presence of a 14

vol canic ash cloud. 15 16 The detecfron system is also able to
detect the 17 presence of clear air t ﬂcglﬁgﬁgrby measuring infrared 18

em ssi on from water vapour anon® ¥ t he upper

5 A DETECTION SYSTEM FOR USE IN AN AIRCRAFT

A detection system for use in an aircraft which is able to monitor

atmospheric conditions .ahead of the aircraft, generate an alarm signal if

10 adverse atmospheric conditions exist ahead of the aircraft and generate

@ " information which indicates the position of the adverse conditions so the
| adverse conditions can be avbided. The system is able to detect the
presence of volcanic ash cloud ahead of the aircraft and, if desired, can

also be used to detect a high density of sulphur dioxide gas and/or clear air

15 turbulence ahead of the aircraft. The system monitors infrared radiation
received by the aircraft, generates intensity signals representative of at

least one predetermined wavelength of the radiation and compares

intensity signals with reference signals or intensity signals of another

infrared wavelength. If the results of the comparison which indicate the

@ | 20. adverse conditions are preseht, an adverse condition warning signal is
generated and the device is also able to generate video display signals for

producing a video display which indicates the position of the adverse

conditions relative to the aircraft.

25 FIG.3



19 t gﬁﬂgﬁﬁﬁ' The anonalies occur due to turbulent notions 20 in the
t roposphere Wi ch transport water vapour rich air 21 upwaPS¥/AHPEOPE2er s
whi ch are otherwi se dry. The presence 22 of the noist |ayers can be

det ect ed by exami ning the 23 difflfdénce between the 12 pmradiation and 6.3
pmradi ation 24 received by an aircraft. If the difference exceeds a 25

pr edet er m ned threshold, the existence of cl ear air 26 turbul ence
can be inferred. 27 28 The detection systemincludes a detection
unit 10, as 29 shown in Figures 3 and 4, which is housed in an opaque

(o,
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-30 casing 12. The casing 12 has an opening 14, which includes 31 an

i nfrared transm ssive w ndow 16. The w ndow 16 which is 32 preferably an
| RTRANVO A/ 1%d8% or sinmilar, only allows 33 infrared radi atPGIYAMXN0I32
predet erm ned wavel ength range 34 to enter the casing 12. The predeterm ned
range includes 35 the wavelengths/of interest, 6.3, 8.9, 10 and 12 pm
The 36 w ndow 16 transmts recei ved/ radi ation 18 onto an offset 37

par abol oid refl ector 20 nmounted on an opposite wall of the

13.0

11

WAVELENGTH (pm)

ash

220
160

(d) JYUNLVIIIWIL

2
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g 1 casin 12 fromthe w ndow 16, as shown in Figure .
refledf'@ﬁlg@"?%flects and focuses the radiation 18 onto a%gdél@if@ﬂyarray
22. The array 22 includes 256 x 256 HgCdTe 4 infrared detector elenents.
The detector elenents each 5 gener%gzgsi gnal s which can be used to produce
a pixel in a6 video display. array 22 elimnates the need for
any 7 formof nechanical scanning apparatus. 8 9 The unit 10 is
nounted onto an aircraft, preferably in 10 the nose of the aircraft,
so the window 16 is directed
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e field of view ahead of the aircraft
detec9w$5§8?7 22 wll then receive an infrared i nage of Fﬁ37$gg‘ é?% of

view ahead of the aircraft of 5[err] in the 14 horlzontal and
vertical planes. The inmage receiyggsby the 15 array 22 represents an
area of 17.5 kn2 100 km from the 16 aircraft. The de tector array 22
Is cooled to maximse its 17 sensitivity to infrared radiation 18 19
The wunit 10 inclu chopper propeller 24, as shown 20 res 3 and
4, whi ch includes positely disposed 21 bl ades 26 and 27,
rotated at a fﬁgquency of 50 Hz by
ﬂ
H
al
40 2a—4l}
1i1L
I L
® 1\
\ ;_————"‘;':f
5} !
T
I
:| 116
i
20 N\ :' —
Al
II
|
o 1
5° ] {1
— 1
| e ——
T
!
i
22 1!
i1
(1
|1
40 q
34
36
34
FIG_ S

38<| > 38

This Sheet Has Been Replaced

THIS SHEET HAS BEEN
REPLACED

SUBSTITUTE SHEET




22 a chopper notor 28. The angle between the opposite sides of 23 each

bl adeWBB9IHmE7327 is 90[err] and as the chopper 24 is rotatkdr2dsitieoiskades
intermttently prevent radiation fromthe w ndow 25 16 from bei ng received
by the reflector 20, and in turn the 26 array 22. |nstead, when a bl ade 27,
as shown in Figure 4, 27 is di spose)al bet ween the wi ndow 16 and the
reflector 20, the 28 array 22 onI tleteives the radiation of the chopper
24. The 29 chopper 24 therefore nodul ates the atnospheric . radiation 30
received by the array 22 fromthe wi ndow 16 at a frequency 31 of 100 Hz.
Modul ati on of the atnospheric radiation causes 32 the signals generated by
the array 22 to be in the form of
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33 anplitude nodul ated signals having a 100 Hz carrier which is 34
POE/ABIHON3Zpheri c

nodul wiceel 715739

radi ation 18. Signals representative of the 36 received radiation are

accor dance

descri bed hereinafter with

signal s

to

W th

t he

intensity

of

extracted fromthe nodul ated signals 37 using a synchronous detector, as
- 18,131 reference to Figure 6. Mdulation
of the received radiation 2 18 by the chopper 24 enables electrical
be
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3 derived which are only representative of the received 4 infrared

radi atW@P14d3%0 not i ncl ude conponents due to 5 stray |i @CT/AUMAM132i on
reflected within the unit 10. Also 6 the high chopping frequency reduces
1/f noise which may 7 appear in_the radiation signals. 8 9 The
size of the unit 10, if desired, &4h3 be reduced 10 consi derably by

excl udi ng the chopper 24. Signal conponents 11 prg&uced by anbi ent and
stray radiation within the unit 10 12 and 1/ f oise would then need
to be suppressed by 13 appropriate filteri;gé%ircuitry or ot her neans.

FOR ALL PIXELS % BACKGROUND AND
PIXEL~-BY-PIXEL / THRESHOLD DATA

T1,T2,T3,T4 TA,TB,TC,TS
- -— }— —— (COMPUTED ON
+LOCATION BOARD, USING
ALTITUDE, PITCH
. AND LOCATION
| /73 INFO) 80
_ L/
# TA<TE | e YES 03 mys TA a0
88 { o
YES 86 |
YES
S=5+1 T2-T4 > TS o 8
y NO
52 | | CONED
_ T\ YES ~90
C=C+1 T1-T4 > TC
| ¥o 1
-9
=—{ COUNTER - -
| 9%
NO - compLeres V.

ALL PIXELS ?

98 { vES 102
GREE NO N GREEN
RED Ny NO_ A> ASH }-—-—-—-——-| C>caT —NO.
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14 15 The detection wunit 10 includes a tenperature and 16

opti cA¥O 915239 circuit 30, which neasures the tenperaturepef/Avoi 88132

radi ation emtted fromthe chopper 24 so as to provide a 18 reference for
converting received atnospheric radiation 19 intensities to corresponding
bri ght ness tenperatures. The 20 ciggusdt 30 also is responsive to |ight
received froma light 21 source 32 to generate a synchronising signal for
use by the 22 synchronous detector. The bl ades 26 and 27 of the chopper 23
24 pass between the |light source 32 and the circuit 30 so as 24 to
intermttently prevent the circuit 30 receiving |ight
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-25 fromthe source 32. The synchronising signal
light fromthe source is received and anot her
27 is dV&YLEF3Bet ween the

radi ati on after being reflected by

*The

wheel
wheel

recei ved
filtered by a quadrant 38 of a filter wheel
and 5, before the radiation 18

enters one 26

27 state

st at e when

wh 6
source 28 32 and the circuit SOSE'E&\@{)‘%&?’% o

the 31 ref
32 34, as shown i

| ector 20 is
n Figures 3

Is 3%/13cident on the array 22. The filter

SUBSTITUTE SHEET

34 is connected 34 and rotated by a filter wheel notor 36 and the
34 35 conpletes a revolution every second. The quadrants 38 of
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36 the wheel 34 each include a respective infrared filter for 37 one of the
four waveVordrisyzef interest. The filters of the guadr ant %gwquﬁ al | ow
t ke wavel ength correspondi ng thereto to pass through the quad? (A U34/00132
guadrants 38 are rotated fromthe path of the radiation 18 so as to
position the succeeding quadrant 38, pygry 0.25 seconds. The array 32

t herefore generates nodul ated signals representative of one of the four
wavel engt hs every 5 0.25 seconds and the nodul ated signhals can be
considered to belong to one of four wavel ength channels. The filter wheel

34 and notor 36 could, of course, be
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omtted and replaced by appropriate filtering circuitry or other neans
signals fromsignals representative of the

whi ch waybhdbh?1d73gct the channel
broad infrar ei(?‘ ggnd recei ved. 10 A signal processing circui tPGIAU$1/00132
processi ng the nodul ated signals is housed in the casing 12, as shown in

Figures 3 and 4, together with the gptixal and nmechani cal conponents of the
detection unit 10. The processing circuit 40, as shown in Figure 6,

i ncludes a detector sensor circuit 42, a synchronous detector 44, 15 an
anplifier converter circuit 46 and a m croprocessor 48. The sensor circuit
42 includes the detector array 22 and passes the nodul ated signals
generated by each array el enent for each wavel ength channel, to the

synchronous detector 44. The

136:25 9 March 1991 ARIMURA EI=26.5 Az=338
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detector 44 extracts the nodul ati on envel ope fromthe signals outputted by
t 42, using the synchronising signal receicyeludiyobizze 50
fromthe 20 tenperature and optical sensor circuit 30. The extracted
envel opes represent the received infrared intensities for each el enment of
the array 22 for the four channel 32/1Be anplifier converter circuit 46
anplifies the intensity signals and converts the signals to 256 x 256

t he s&¥QO1/1873%T Ui

digital pixels, each including val ues of
channel s and corresponding to a respective array el enent.

radi ati on received for the four
The pixels are 25

t hen processed by the m croprocessor 48 in accordance with a software

routi ne,

det erm ne whet her the pixels indicate adverse atnospheric

present ahead of

11

¢ Column El=13.5 Az=100

00 1(')' March 1991 SVO Volcan

descri bed hereinafter with reference to Figures 7 and 8, to
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-‘__'12 tlons exist, a warning lanp 52 and/o n __audio 2
.Warnlm‘f}gf'aﬁ 54 are actlvat ed in the cockpit of the 3 aﬁ’g?ﬁp?”?’gl% ert
the pilot to the existence of th condi tions. The m croprocessor 48
then activates a visual 5 displ a§3d|1ri3t 56, al so mounted within the cockpit,
and 6 supplies RGB signals, derived fromthe digital pixels, to 7 the unit
56 so as to generate a display for the pilot which

17:25 13 Ma_rch 1991 SVO Water Cloud El=15 Az=257
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8 'indicates the position of the adverse conditions relative to 9 the

airtraft. 10 11

_ F|g§re 12 7 begins at step 62 where the digital pixels are received by 13
t he nlcroprocessor 48. The four channels can be designated 14 channel 1

- for the 6.3 pmwavel ength channel, channel-3 for 15 the 8.9 pm

. wavel engt h channel, channel 3 for the 10.0 pm 16 wavel ength channel, and

- channel 4 for the 12.0 pm wavel ength 17 channel . The m croprocessor 48

~al so receives

- TC, via the

OV 0O N0 & W

10
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The main operating routine 60, as illustrated in

signal 18 representatlve of the cthPer t enper at ur e,
DETECTION SYSTEM FOR USE

IN AN AIRCRAFT

The present invention relates to a detection system for
use in an afircraft and, more specifically, to a detection
system of an aircraft which is able to detect the presence

of a volcanic ash cloud.

Volcanic ash clouds constitute a serious hazard to
aircraft even after the clouds have moved from the site of a
volcanic eruption. Apart from containing ash particles, the
clouds include gases such as soz,'which after a few days
oxidises and hydrolises to form sulphuric acid droplets,
either as an ash-acid mixture or as a coating over ash
particles. Both the ash particles and the sulphuric acid
droplets of volcanic ash clouds are capable of cadsing
significant damage to and possible loss of an aircraft which

encounters an ash cloud.

A number of aircraft encounters with volcanic ash
clouds have been recorded in the past where significant
damage has occurred. Between April and July 1982
Galunggung, a volcano in Central Java, Indonesia, underwent
a series of eruptions. The dispersing ash clouds, in moving
across commercial flight paths, constituted a major hazard
because the radar systems of éircraft were, and still are,
unable to discriminate between ash clouds and ice/water
clouds. Also a volcanic ash cloud normally can not be
distinguished visually from a grey ice/water cloud. Two
major incidents resulted from aircraft flying directly into
the ash clouds. On 24 June 1982, a British Airways Boeing
747, flying from Kuala Lumpur in Malaysia to Perth, entered
an ash cloud. All four engines stalled and the aircraft
descended 6000 m without power before attempts to restart
the engines .succeeded. An emergency landing was made at
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19 50, detector 44 and converter circuit 46. Next, at a 20
calibration step 64, the intensity values of the pixels are 21 converted
to gcorrespondi ng brightness tenperature values 22 using pr edet er mi ned
calibration values, t he chopper 23 tenperature TC and the chopper
radiation intensity received 24 as a_rgfgrence. The calibration step 64
i produces respective 25 brightness tenpéerature values T1, T2, T3, T4 for
"the four 26 channels for each pixel. The routine 60 then proceeds to

27 step 661whKAERSf clOBESHES nohrSeFRith ol NELGRRT AGFured 08 28 July
cal cul at ed, 2aswmwmﬁ.ch aasdngagaretaﬁ—m&@ séé\ﬁ@rww su¥fet®d PsXRlilar

are rearrange in fkég¥3prd%9ems ang agaf% é% emergency landing was made at

4 Jakarta. More recently, on 15 December 1989, a KLM Boeing
747 encountered an ash cloud produced by an eruption of <the
Mount Redoubt Volcano in Alaska, U 8§ A. The engines of the
aircraft stalled“and the jet descended 3600 m without power.
Furthermore, the cockpit of the aircraft was reported to
have filled with sulphur smelling gases. The descriptions
10 of the encounter were remarkably similar to the Galunggung
11 ash cloud encounters and the effects on the aircraft were

O 0 3 oW

12 also similar.

13 .
14 The above serves to illustrate the requirement for a

15 detection system which could provide a pilot with early
16 warning of the presence of an ash cloud so the cloud can be
17 avoided. A system relying on data collected from
18 satellites could be implemented, however, satellite data for
19 a particular area of the earth's atmosphere is only . updated
20 periodically. For example, data from satellites in a polar
21 orbit is only provided four times a day for most regions of
22 the earth. Therefore a detection system which can be
23 installed in an aircraft to monitor conditions ahead of the
24 aircraft is desired. Furthermore, it would be advantageous
25 if the system could also detect other adverse atmospheric
26 conditions, such as a clear air turbulence, which can not be
27 detected visually or by known aircraft detection systems,
28 and should be avoided by aircraft.

29

30 In accordance with the present invention there is
31 provided a detection system for use in an aircraft,
32 comprising means for monitoring atmospheric conditions ahead
33 of said aircraft, generating an alarm signal if adverse
"34 atmospheric conditions exist ahead of said aircraft, and
35 generating information which indicates the posifion of said
36 adverse conditions so the adverse conditions can be avoided.
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30¢ display for the pilot which is orientated to correspond with 31 the
view that the pilot has from the aircraft. For 32 instance, the
infrared image received by the detector array 33 22 may be inverted with
reSpect .to the viewthe pilot has 34 fren3-the cockpit and the
arrangenment of the pi xels 35 representative of the inmge would need to

be inverted before 3fhe daotme cosditdosomdy spipsise heolcamigash e, ACHSIENENSMYEET

of sulphur dioxide gas and/or clear air turbulence.

The present invention further provides a detection system for an aircraft,
S comprising means for détecting the presence of a volcanic ash cloud ahead of said
aircraft, and means for alerting a pilot of said aircraft to the presence of said cloud.
Preferably said detection system includes means, responsive to detection of
said ash cloud, for generating information representative of the position of said ash
10 cloud relative to said aircraft. Preferably said alerting means system includes
means for generating display signals for producing a display of said information.

Preferably said detecting means is also able to detect the presence of
sulphur dioxide and/or clear air turbulence.

15
Preferably said detecting means and aleiting means include means for

monitoring infrared radiation received by said aircraft, filter means for generating

intensity signals representative of the intensity of predetermined wavelengths of

said radiation, and processing means for comparing the intens-ity signals of two of
20 ‘said predetermined wavelengths and generating a volcanic ash cloud wamning signal

if the results of the comparison indicate an ash cloud is present.

Preferably said waming signal is generated if said intensity signalé indicate
radiation received of the longer wavelength is less than radiation received of the

25 shorter wavelength.

Preferably said monitoring means an infrared detector array and said
intensity signals relate to pixels of said array, such thai intensity signals of each of
said predetermined wavelengths correspond to cach one of said pixels and said

30 processing means generates display signals representative of the position of said
ash cloud relative to said aircraft on the basis of said intensity signals and position

——
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- 13 -1 After the pixels have been mapped to a desired 2
orientation at step 68, informati'on concerning position of 3 the horizon
ling is inserted in the pixel array at step 70. 4 The position of the
horizon line is deternined at step 70 on 54the basis of altitude, pitch and
bearing signals received by 6 the m croprocessor 48 fromthe cockpit. The

pi xel s are the S d used
8 a4 vi deo@lgglalxlg?]‘ rX&%&gﬁQC?iWit{&ﬂ Jf% a?fcﬁ#ﬁ ?&Eer&&f%&:@equ
processor rout generated wlnahmdq:rmcssiﬁg mtawdcttrmmbstsaldmshclolﬂ is \plastite r an
ash cloud, sulphur dioxide or clear air

The present invention also provides a method of detecting adverse

5 atmospheric conditions, comprising monitoring infrared radjation received by an
aircraft, generating signals representative of the intensity of at least one
predetermined wavelength of said radiation, processing the fntensity signals, and
generating a warning signal if said intensity signals indicate said adverse conditions
arc present.

10 |
~ Preferably said warning signal is generated if a value of signals for the

longer wavelength is less than a value of signals for the shorter wavelength.

Preferably said signals relate to pixels of an infrared detector array, and said
15 method further includes gencrating a display of the position of said adverse
conditions relative to said aircraft on the basis of said signals.

The present invention further provides an a_iréraft comprising a detection

system as described above.

Preferably said longer wavelength is approximately 12 um and the shorter
wavelength is approximatély 10 um. Preferably the predetermined wavelengths
include two further wavelengths, 6 pm which relates to the detection of clear air
turbulence and 9 pm which relates to detection of sulphur dioxide.

A preferred embodiment of the present invention will now be described, by
way of example only, with reference to the accompanying drawings, wherein:
Figure 1 is a diagram of a volcanic ash cloud;
Figure 2 is a graph of infrared radjation received from ice/water clouds and
30 volcanic ash clouds vs infrared wavelength; .
Figure 3 is a schematic side view of a preferred embodiment of a detection
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11* turbulence is present ahead of the aircraft and activates 12
respective warning lamps 77, 79 and 81, accordingly. At the 13 video
Si gnal .production step 74, selected values of +the 14 pixels are used
to*generate Red, Geen and Blue (R®B)-1$- signals which are supplied
to the video display wunit 56. 16 How the tenperature values are used to
generate t he RGhitddf §g)@m§,{ gc&ed;ggﬁstmrp;edm irenlidn; of t he anal ysis by the
warning 18 |anp processor routine 72, For exanple, if the difference 19
bﬁt vveeln t he terrp_eratﬂgwcdflstmh#—mﬂlqﬁ%‘h‘é!ﬁ‘ﬁélft HMhat of 20 the third
channel is negative e | | d to generate a
Red signal at step ﬁggrf\sﬁ%eua ‘Fl%f’#ﬁﬁo%%?ﬁtg{%w dﬁh@gyswﬁﬁ °

Figure 6 is a block diagram of the electrical/clectronic circuitry of the

W

system;

Figure 7 is a flow diagram of a main operating routine of the system;

Figure 8 is a flow diagram of a warning lamp processor routine of the
system;

Figures 9 and 10 are graphs of infrared radiation received vs infrared
10 wavelength for clear sky and cumulus cloud, respectively; |

Figures 11 to 13 are graphs of infrared radiation reccived vs time for
volcanic ash clouds and different infrared wavelengths; and

Figure 14 is a graph of infrared radiation received vs time for a water cloud
and different infrared wavelengths.

15
Infrared radiometers mounted on satellites have provided a significant

amount of data in relation to infrared radiation emitted from the carth's surface, and
absorbed by clouds, over a range of infrared wavelengths. The satellites include
the TIROS-N/NOAA polar orbiting satellites and the Geostationary Meteorological

20 Satellites (GMS). Analysis of the data has confirmed volcanic ash clouds have a
characteristic infrared signature which enables them to be distinguished from
normal ice/water clouds. A volcanic ash cloud 2, as shown in Figure 1, when
viewed from a satellite, includes a semi-transparent region 4, which in most
instances is disposed around the periphery of the cloud 2 about a more dense

25 centre region 6 which generally absorbs all infrared radiation emitted from the
carth's surface. The inﬁared semi~transparent region 4, has been shown to exhibit
a "reverse absorption effect”, which does not occur in similar regions of ice/water
clouds. The effect causes an increase in the infrared radiation received by the
satellite for the region 4 for longer or increased infrared wavelengths, between 10

30 pm and 13 um. For similar scmi~transparent regions of ice/water clouds the
intensity of radiation received by the satellite decreases

REPLACEMENT SHEET ]




22 Whereas if the difference is positive the value of the 23 difference is
used to produce a Green signal. If, however, 24 there is no difference
between channels three and four for 25 the pixel, and the value of

channel four indicates a cloud 26 is not present, the value of channel
four is used to 27 generate a Blue signal, ewkereas if the value indicates a
28 cloud is present, the vaI ue is used to generate a Red G een 29 and Bl ue

S o SOSLIT % SokReREAR o5ed R VAR M £SNY 19% e
condition occw s.raﬁfgleer sl‘h@srammm pf, thee sahetliligesOinchbudeds b=irigleo
step 62. 3 detector element which is mounted on a mechanical scanning
device so a video display can be produced of the area
scanned using'the infrared intensity signals generated by
the radiometer. For the background 8, which in this case is
the earth's surface, and the centre region 6, the absolute
value for a brightness temperature corresponding to the
radiation received at a selected wavelength can be used to
10 generate the colour displayed. For example, the background
11 8 would appear a shade of blue and the centre region 6 2
12 shade of black. To highlight the existence of the ash cloud
13 2, 4if the difference between the radiation received for »
14 1long wavelength and a short wavelength in the 10 to 13 pm
15 range is positive, the semi-transparent region 4 would ‘be -
' 16 displayed a shade of red, according to the magnitude of the
17 difference.‘ If the difference is negative a different
18 colour can be displayed to indicate the cloud is simply an
19 ice/water cloud. Satellite information, however, as
20 discussed previously for a particular area is only updated
' 21 intermittently and a volcanic ash cloud may move
22 significantly before the information is updated.

23
24 A preferred-enibodiment of a detection system according

25 to the present invention, as described in detail hereinafter
26 with reference to Figures 3 to 7, is mounted on an aircraf:
27 and monitors infrared radiation ahead of the aircraft. An
28 aircraft, inflight, is normally directed towards space above
29 the horizon 9 of the earth, as shown in Figure 1. When
30 viewing a cloud 2 and monitoring the infrared radiation
31 received therefrom, the background 8 is space and not the
32 surface of the earth as is the case for satellite
33 radiometers, and it has been found an opposite effect occurs
34 to the reverse absorption effect discussed above

35

36 A graph 12 of infrared radiation received from a cloud
37 2 vwhen viewed horizontally from the aircraft vs wavelength

O 0O a0 n

——
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33 34 The pixels of the array are anal ysed consecutively by 35 the
warning | anp processor routine 72, as shown in Figure 8. 36 The routine 72
begins at step 76 where the brightness 37 tenperatures are extracted from
the current pixel and a - 14 - 1 prewiqusly stored brightness
tenperature TB for the 2 background 8 is retrieved, together with

. threshol d val ues _
1 of the radiation is illustrated in Figure 2. In the graph

12 the radiation intensities have been converted to

2
3 corresponding brightness temperatures. For the 9 to 13 pm
4 range, infrared radiation received is approximately directly
5 proportional to the corresponding brightness temperature.
6 Two curves are illustrated in the graph 11, one curve 13
7 relating to infrared radiation réceived from the semi-
8 transparent region 4 of a volcanic ash cloud, and the other
9 curve 15 relating to the radiation received from the semi-
10 transparent region 4 of & cloud containing ice particles.
11 The graph 11 illustrates the opposite effect which occurs in
12 that for the semi-transparent region 4, the infrared
13 radiation received decreases with respect to increasing
14 wavelength in the 10 to 13 pm region for ash clouds, whereas
15 radiation received increases with respect to increasing .
16 wavelength for ice clouds. A cloud containing water
17 droplets would behave in a similar manner to a cloud
18 containing ice particles. The opposite effect is believed
19 to occur because an aircraft views clouds ahead against a
20 relatively cold background 8, such as space, whereas a
21 satellite radiometer views clouds against a relatively warm
22 Dbackground, the earth's surface. According to the graph 11,
23 the difference Dbetween radiation received for two
24 wavelengths within the 10 to 13 um region is greatest for 10
25 pm and 12 pm. By analysing the difference between. radiation
26 intensities 1received at 10 to 12 pm as brightness
27 temperature readings, the detection system is able to
28 distinguish between ice/water clouds and volcanic ash
29 clouds. If the difference between 12 um brightness
30 temperaturesﬁ and 10 pm brightness temperatures is negative
31 this indicates the presence of a volcanic ash cloud, whereas
32 if the difference is positive, an ice/water cloud 1is
33 present. The differences will only occur for radiation
34 received from the semi-transparent region 4 of a cloud 2.
35 Radiation received from the dense centre region 6 of a cloud
36 2 and the background 8 will be substantially the same for 10
37 pm and 12 pm.




3 for the detection of an ash cloud, sul phur dioxide gas, and 4 <clear air
turbulence, TA TS, TC, respectively. The 5 threshold values in

a _nunber of instances would be 6 approximately O. The tenperature
TB® and the threshold 7 values TA, TS gnd TC are deternined by the

m croprocessor 48 8 on the basis of information concerning the position and
9 orientation of the aircraft, such as altitude, pitch and 10 latitude. 11
12 The routine 72 then proceeds to step 78 where a 13

conpari son i made between the tenperature of the fourth
2 The existence of sulphuric acid droplets and particles

in a cloud 2 also effects the radiation received in the same
manner as for ash clouds. A negative difference between the
12 and 10 pm readings therefore indicates the presence of an
ash cloud or/and a cloud containing sulphuric acid droplets
or particles. ~Furthermore, the level “at which sulphur
dioxide absorbs infrared radiation varies with respect to
the wavelength of the radiation, and maximum absorption
10 occurs at 8.9 pm. Therefore, by also monitoring infrared
11 radiation received at 8.9 ym, the detection system is able
12 to . detect increaéed levels of sulphur dioxide in the
13 atmosphere, which can be used to confirm the presence of a

14 wvolcanic ash cloud.

15
16 The detection system 1is also able to detect the

17 presence of clear air turbulence by measuring infrared
18 emission from water vapour anomalies in the upper
19 troposphere. The anomalies occur due to turbulent motions
20 in the troposphere which transport water vapour rich air
21 upwards into layers which are otherwise dry. The presence
22 of the moist layers .can be detected by examining the
23 difference between the 12 um radiation and 6.3 ym radiation
24 received by an aircraft. If the difference exceeds a
25 predetermined threshold, the existence of clear air
26 turbulence can be inferred.

27
28 The detection system includes a detection unit 10, as

29 shown in Figures 3 and 4, which is housed in an opaque
30 casing 12. The casing 12 has an opening 14, which includes
31 an infrared transmissive window 16. The window 16, which is
32 preferably an IRTRAN-2 window or similar, only allows
33 infrared radiation within a predetermined wavelength range
34 to enter the casiﬁ§ 12. The predetermined range includes
35 the wavelengths of interest, 6.3, 8.9, 10 and 12 pm. The
36 window 16 transmits received radiation 18 onto an offset
37 paraboloid reflector 20 mounted on an opposite wall of the

W ONOV S W
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14 *channel and the background tenperature. If T4 is less than 15 TB this
I ndi cates the pixel corresponds to a cloud and the 16 routine 72 proceeds
to step 80 where the difference between 17 the tenperatures of the third
and fourth channels is 18 conpared with the ash threshold TA. If the
difference is 19 greater than TA an Ash9ceunt is incremented at step
- 82, 20 otherw se an ice/mater count Wis increnented at step 84. 21 22

If the pixel

Solfi 17 Ao SR 38| Stk B i, Mom

| routine 72 p oc%%

er ence etwe

bri ght ness t@npeeflesctonf zou;eﬁ&ggyﬁdand focuses the radiation 18 onto =&
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14
15
16
17
18
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20
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26
27
28
29
30
31
32
33
34
35
36
37

detector array 22. The array 22 includes 256 x 256 HgCdTe
infrared detector elements. The detector elements each
generate signals which can be used to produce a pixel in a
video display. The array 22 eliminates the need for any
form of mechanical scanning apparatus. ~

The unit 10 is mounted onto an aircraft, preferably in
the nose of the aircraft, so the window 16 is directed
towards the field of view ahead of the aircraft. The
detector array 22 will then receive an infrared image of the
field of view ahead of the aircraft of & 5° in the
horizontal and vertical planes. The image received by the
array 22 represents an area of 17.5 km2 100 km from the
aircraft. The detector array 22 is cooled to maximise its
sensitivity'to infrared radiation.

The unit 10 includes a chopper propeller 24, as shown
in Figures 3 and 4, vwhich includes two oppositely disposed
blades 26 and 27, and is rotated at a frequency of SO Hz by
a chopper motor 28. The angle between the opposite sides of
each blade 26 and 27 is 90° and as the chopper 24 is rotated
the blades intermittently prevent radiation from the window
16 from being received by the reflector 20, and in turn the
array 22. Instead, when a blade 27, as shown in Figure 4,
is disposed between the window 16 and the reflector 20, the
array 22 only receives the radiation of the chopper 24. The
chopper 24 therefore modulates the atmospheric radiation
received by the array 22 from the wiﬁ@ow'lﬁ at a frequency
of 100 Hz. Modulation of the atmospheric radiation causes
the signals generated by the array 22 to be in the form of
amplitude modulated signals having a 100 Hz carrier which is
modulated in accordance with the intensity of the
atmospheric radiation 18. Signals representative of the
received radiation are extracted from the modulated signals
using a synchronous detector, as described hereinafter with
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25 thannel
threshold TS.

to the pixel

~counter Sis 29 increnented at step 88.
- 30 not prove positive,

and the fourth channel

cont ai ns sul phur 28 di oxide particles and a sul phur di oxi de

“the difference between the tenperature qgfp the 32 first channel and the

tenperature of the fourth channel'and 33 the clear air turbulence t hreshol d
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18 by the chopper 24 enables electrical signals to be
derived which are only representative of the received
infrared radiation and do not include components due to
stray light or radiation reflected within the unit 10. Also
the high chopping frequency reduces 1/f noise which may
appear in the radiation signals.

The size of the unit 10, if desired, can be reduced
considerably by excluding the chopper 24. Sighal components
produced by ambient and stray radiastion within the unit 10
and 1/f noise would then need to be suppressed by
appropriate filtering circuitry or other means.

The detection unit 10 includes a temperature and
optical sengor circuit 30, which measures the temperature of
the radiation emitted from the chopper 24 so as to provide a
reference for converting received atmospheric radiation
intensities to corresponding brightness temperatures. The
circuit 30 also is responsive to light received from a light
source 32 to generate a synchronising signal for use by the
synchronous detector. ‘The blades 26 and 27 of the chopper
24 pass between the light source 32 and the circuit 30 so as
to intermittently prevent the circuit 30 receiving 1light
from the source 32. The synchronising signal enters one
state when 1light from the source is received and another
state when a bléde 26 or 27 is disposed between the source
32 and the circuit 30.

The received radiation after being reflected by the
reflector 20 is filtered by a quadrant 38 of a filter wheel
34, as shown in Figures 3 and 5, before the radiation 18 is
incident on the array 22. The filter wheel 34 is connected
and rotated by a filter wheel motor 36 and the wheel 34
completes a revolution every second. The gquadrants 38 of
the wheel 34 each include a respective infrared filter for
one of the four wavelengths of interest. The filters of the

Is conpared with the sul phur 26 dioxide
If T2-T4 > TS this indicates the 27 atnosphere correspondi ng

If the conparison at step 86 does
a conparison is nade at step 88 with 31 respect to
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36 incremented at step 92. - 15- After steps 88, 92, 90, 82 and 84, the
routine proceeds to a step 94 where the values of the counts are exam ned
to determine if any anonmalies exist, such as a count exceeding the total
nufber of pixels for an array and then at step 96, a check is made to see
if all of the pixels of an array have beehlbrocessed. If all of 5 the

pi xel s have not been processed, the routine 72 proceeds to steg_ 76,
ot herwi se t he AvAdrantS8.only atlew the,wavelensth comesponding dwreta opass dlroughitheo4. At

step 98, If tNgyuagdrant 38. The quadrants 38 are rotated from the path of the radiation 18 so as
to position the succeeding quadrant 38, every 0.25 seconds. The array 32 therefore
gencrates modulated signals representative of one of the four wavelengths every
5 0.25 seconds and the modulated signals can be considered to belong to one of four
wavelength channels. Thc filter wheel 34 and motor 36 could, of course, be
omitted and replaced by appropriate filtering circuitry or other means which would
extract the channel signals from signals representative of the broad infrared band

received.

10

- A signal processing circuit 40 for processing the modulated signals is

housed in the casing 12, as shown in Figures 3 and 4, together with the optical and
mechanical components of the detection unit 10. The processing circuit 40, as
shown in Figure 6, includes a detector sensor circuit 42, a synchronous detector 44,

15 an amplifier converter circuit 46 and a microprocessor 48. The sensor circuit 42
includes the detector array 22 and passes the modulated signals gencrated by each
array clement for cach wavelength channel, to the synchronous detector 44. The
detector 44 extracts the modulation envelope from the signals outputted by the
sensor circuit 42, using the synchronising signal received on line 50 from the

20 tcmpcrafurc and optical sensor circuit 30. The extracted envelopes represent the
received infrared intensities for each clement of the array 22 for the four channels.
The amplifier converter circuit 46 amplifies the intensity signals and converts the
signals to 256 x 256 digital pixels, each including values of radiation received for
the four channels and corresponding to a respective array clement. The pixels are

25 then processed by the microprocessor 48 in accordancc with a software routine,
described hereinafter with reference to Figures 7 and 8, to dcgcxmine whether the
pixels indicate adv:r;e atmospheric conditions arc present ahead of the aircraft. If

adverse
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ash count A exceeds an ash cloud existence threshold, a volcanic ash cloud
exi sts ahead of the aircraft .and a corresponding red warning lanp 77 is
illumnated in the cockpit to alert the pilot. Simlarly, at steps 100 and
102, if the sul phur dioxide 10 and clear air turbulence counts S and C
exceed correspondi ng exi stence threshotdd2 ctorresponding red warning | anps
79 and 81 are illumnated in the cockpit accordingly. If one of the
deci sion steps 98, 100 or 102 produces a positive result a 15 red
warning |anp i E°P‘I”rﬁ’rﬁ'?%té{1? :ﬁ%léé"t'l \?af'%ﬁgf‘?aga‘f'g %#l aaHb‘p (e ABut PYGi92
passes operat|08rnﬁngtusﬂghmdes§dr 4%et actheatedeinsi thal ¢Udkhﬂﬁ1 oﬁ stE@
74, and all nt S reset.

?Iaﬁ g rat fé&t 3hd Fgﬁth £ E&é”s ac |vated and EF

activation elng se e vi deo di uni t
dlsplay gendr acendi tdonsh prdWﬁdGéCFﬁﬁr9¢¢8$°r 48 then activates a visual

§ display .unit 56, also mounted within the cockpit, and

6 supplies RGB signals, derived from the digital pixels, ¢to
7 the unit 56 so as to generate a display for the pilot which
8 4indicates the positibn of the adverse conditions relative to
9 the aircraft.

10

11 The main operating routine 60, as illustrated in Figure

12 7 begins at step 62 where the digital pixels are received by
13 the microprocessor 48. The four channels can be designated
14 channel 1 for the 6.3 um wavelength channel, channel 2 for
15 the 8.9 pm wavelength channel, channel 3 for the 10.0 pm
16 wavelength ghannel, and channel 4 for the 12.0 pm wavelength
17 channel. The microprocessor 48 also receives a signal
18 representative of the chopper temperature, TC, via the line
19 50, detector 44 and converter circuit 46. Next, at a
20 calibration step 64, the intensity values of the pixels are
21 converted to' corresponding brightness temperature values
22 wusing predetermined calibration values, the chopper
23 temperature TC and the chopper radiation intensity received
24 as a reference. The calibration step 64 produces respective
25 brightness temperature values T1, T2, T3, T4 for the four
26 channels for each pixel. The routine 60 then proceeds to
27 step 66 where differences between channel temperatures are
28 calculated, as required, and then at step 68, the array of
29 pixels are rearranged so they can be used to produce &
30 display for thé'pilot which is orientated to correspond with
31 the view that the pilot has from the aircraft. For
32 instance, the infrared image received by the detector array
33 22 may be inverted with respect to the view the pilot has
34 from the cockpit and the arrangement of the pixels
35 representative of the image would need to be inverted before
36 being used to display the image.
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wifh a visual representation of the |ocation of the adverse condition
detected 20 relative to the aircraft. The display viewed by the pilot when
a volcanic ash cloud 2 is present is simlar to that illustrated in Figure
1,"where a horizontal line 9 will be pla eg.gcross t he display, the

sem -transparent region 4 woul d appear In""a shade of red and the centre

regi on 6 appears bl ack. T back r a o]

the pil ot nmoves the A% a ere?g V% t aY%e %gﬁd é% o%gvgﬁd §3515F8ud
the display 2s omidaivatiancoati sgéy &8, atnformation heongeraing pgeeneqn aofly
fromthe cl aygrhe s Bopseene £f §%QP¥€ddmxtﬁ§ Pitfe) llrrdgt set §ep Oy

al so be disp etectlo t he gas woul d nor nal be Used as
confirmati ond t Hehe epd}i(itmol efintke M%?%&%R?s%% dglearmised; ﬂE ﬁF‘FEr’é@tO“

The clear aig ty{DYRNIGLo2NQTEitE@e, pitch and bearing signals received by
6 the microprocessor 48 from the cockpit. The pixels are then
7 analysed in a warning lamp processor routine 72 and used 1in
8 a video signai- production step 74. The warning lamp
9 processor routine 72 analyses pixel arrays to determine

10 whether an ash cloud, sulphur dioxide or clear air
11 turbulence is present ahead of the aircraft and activates
12 respective warning lamps 77, 79 and 81, accordingly. At the
13 video signal production step 74, selected values of the
14 pixels are used to generate Red, Green and Blue (RGB).
15 signals which are supplied to the video display unit 56.
16 How the temperature values are used to generate the RGB
17 signals depends on the result of the analysis by the warning
18 lamp processor routine 72. For example, if the difference
19 between the temperature of the fourth channel and that of
20 the third channel is negative the value of the difference is
21 used to generate é Red signal at step 74 of the routine 60,
22 whereas if the difference is positive the value of the
23 difference is used to produce a Green signal. If, however,
24 there is no difference between channels three and four for
25 the pixel, and the value of channel four indicates a cloud
26 is not present, the value of channel four is wused to
27 generate a Blue signal, whereas if the value indicates a
28 cloud is present, the value is used to generate a Red Green
29 and Blue signal, together so as to produce a black colour on
30 the display 56. The display unit 56 also may only be
31 activated when én alarm condition occurs. After steps 72
32 and 74, the routine 60 proceeds back to step 62.

33

34 The pixels of the array are analysed consecutively by
35 the warning lamp processor routine 72, as shown in Figure 8.
36 The routine 72 begins at step 76 where the brightness
37 temperatures are extracted from the current pixel and a
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when detected, are displayed on the visual display unit 56 as col our
encoded - 16 - variations in the intensity of the signals received on
the 6.3 [err] channel. For adverse atnospheric conditions at a range of 100
kmmand with the aircraft travelling at an airspeed of 600 knf hour, the
detection system provides 5 approxi matel yqten mnutes warning to the pilot.
At step 104 of routine 74, a decision can be made as to whether the state
of the ice/water count Windicates a cloud ahead of the aircraft is a

wat er/ice cliougpreviously stored brightness temperature TB for the

2 background 8 is retrieved, together with threshold values

3 for the detection of an ash cloud, sulphur dioxide gas, and
4 clear eair turbulence, TA, TS, TC, respectively. The
5 threshold values 1in a number of instances would be
6 approximately 0. The temperature TB and the threshold
7 wvalues TA, TS and TC are determined by the microprocessor 48
8 on the basis of information concerning the position and
9 orientation of the aircraft, such as altitude, pitch and

10 latitude.

11

12 - The routine 72 then proceeds to step 78 where a

13 comparison is made between the température of the fourth
14 channel and the background temperature. If T4 is less than
15 TB this indicates the pixel corresponds to a cloud and the
16 routine 72 proceeds to step 80 where the difference between
17 the temperétures of the third and fourth channels is
18 compared with the ash threshold TA. 1f the difference 1is
19 greater than TA an Ash count is incremented at step 82,
20 otherwise an ice/water count W is incremented at step 84.

21

22 I1f the pixel is determined at step 78 not to relate to
23 a cloud, the routine 72 proceeds to step 86 where the
24 Jdifference between the brightness temperature of the. second
25 channel and the fourth channel is compared with the sulphur
26 dioxide threshold TS. 1I1f T2-T4 > TS this indicates the
27 atmosphere corresponding to the pixel contains sulphur
28 dioxide particles and a sulphur dioxide counter S is
29 incremented at step 88. If the comparison at step 86 does
30 not prove positive, a comparison is made at step 88 with
31 respect to the difference between the temperature of the
32 first channel and the temperature of the fourth channel and
33 the clear air turbulence threshold TC. If T1-T4 > TC, this
34 indicates the atmosphere corresponding to the pixel includes
35 clear air turbulence and a clear air turbulence counter C is

36 incremented at step 92.
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and a display of the cloud can be provided if desired. The cloud would be
10 . displayed in a simlar manner to a vol canic ash cloud, as described
above, except the sem-transparent region 4 would appear green. To indicate
the systemis functioning correctly a serigqs_of green |anps are provided
for each adverse condition capable of being detected. The green | anps are

illumnated i f none r 96 esent ad. of .t he
15 A det e | on&% g‘fmﬁr m186\1’2r)£5fy H Qﬁ'é ﬁc Dﬁ”u{?t h‘i w@Fﬁcbed

aircraft.
above was pl acthd valuesof gicr counfstareegarhinsd &ﬂddwmﬂe xf&xﬁfan&:ﬁaﬁkﬁ@cﬁﬁ)es'ucﬂ%o

over Hobart in the State, of Tas The, upit was placed in the port w ng
of the aircraf? SO cxerGHingdh %&P@?ﬂ@crséewg ﬂoaaqlambﬁnd the abstep 96, & he

aircraft. Al aghegk i hbdioOdce i I Of HREPixtIE Bf 3h aftaf hhve been processed. If all of
5 the pixels have not been processed, the routine 72 proceeds to step 76, otherwise
the routine executes four decision steps 98, 100, 102 and 104. At step 98, if the
ash count A exceeds an ash cloud existence threshold, a volcanic ash cloud exists

ahead of the aircraft and a corresponding red warning lamp 77 is illuminated in the
cockpit to alert the pilot. Similarly, at steps 100 and 102, if the sulphur dioxide

10 and clear air turbulence counts S and C exceed corresponding existence thresholds,
corresponding red warning lamps 79 and 81 are illuminated in the cockpit

accordingly.

If onc of the decision steps 98, 100 or 102 produces a positive result and a

15 red waming lamp is illuminated, an activation flag is sct and the routine 72 passes
operation of the processor 48 to the video signal production step 74, and all of the
counts A, W, S and C are reset. In response to the activation flag being set, the
video display unit 56 is activated and a display generated, which provides the pilot
with a visual representation of the location of the adverse condition detected

20 relative to the aircraft. The display viewed by the pilot when a volcanic ash cloud
2 is present is similar to that illustrated in Figure 1, where a horizontal line 9 will
be placed across the display, the semi-transparent region 4 would appear in a
shade of red and the centre region 6 appears black. The background 8 is coloured
a shade of blue. As the pilot moves the aircraft relative to the cloud 2 to avoid the

25 cloud the display is updated accordingly so as to show the pilot's movement away

from the cloud 2.

The presence of sulphur dioxide gas, if detected, could also be displayed.
However, detection of the gas would normally be used as confirmation that a
30 volcanic ash cloud exists ahead of the aircraft. The clear air turbulence anomalies,
when detected, are displayed on the visual display unit 56 as colour encoded
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207 was directed to view horizontally clear sky and then at 10000 feet was
directed to view horizontally a cumulus cloud. Readi ngs were obtai ned by
the unit over a 10 to 12 [err] wavel ength range as illustrated in Figures 9
antl 10. The data points represent an average of 5 to 10 seconds of data
received and the error bars represent theilst-andard devi ati ons about the
means. Figure 9 illustrates the radiation 25 received fromthe clear sky

whi ch was seenvariatioes irethe dnttssityol Che2sipily teckivedron itlie 6B n@mhane [err] and
then again increase towards 12.0 [err]. The warmer sky at 10.2 [err] is due
to radiation received froma warm band of ozone centred at 9.6 [err]. The

adi at] on 1 ecei ved FGrRhLRE aGiEAE Shand & 4 K bf 106 Bl A g, 10 o

shows the cloud appears to nmer at [onger
exanmpl es 30 chirerafttravelling stcan mpleﬂmft&()ﬂrkmlhour, llﬁ dttacaon eyktdmpmﬁd&al ly

tlowar ds cl g a%g%/x?matcly ten minutes wamning to the pilot.

At step 104 of routine 74, a decision can be made as to whether the state of
the ice/water count W indicates a cloud ahead of the aircraft is a water/ice cloud
and a display of the cloud can be provided if desired. The cloud would be

10 displayed in a similar manner to a volcanic ash cloud, as described above, except
the semi-transparent region 4 would appear green. To indicate the system is
functioning correctly a series of green lamps are provided for cach adverse
condition capable of being detected. The green lamps are illuminated if none of
the adverse conditions are prcsént ahead of the aircraft.

15
A detection unit similar to the detection unit 10 described above was placed

in an aircraft and tested during 8 to 14 December 1990 over Hobart in the State of
Tasmania. The unit was placed in the port wing of the aircraft and mounted so as
to receive radiation in front of the aircraft. At an altitude of 12000 feet the aircraft
20 was directed to view horizontally clear sky and then at 10000 feet was directed to
view horizontally a cumulus cloud. Readings were obtained by the unit over a 10
to 12 pm wavelength range as illustrated in Figures 9 and 10. The data points
represent an average of 5 to 10 seconds of data received and the error bars
represent the standard deviations about the means. Figure 9 illustrates the radiation
25 received from the clear sky which was scen to decrease from 10.2 pm to minimum
near 10.8 pum and then again increase towards 12.0 um. Thc warmer sky at 10.2
pm is due to radiation received from a warm band of ozone centred at 9.6 pm.
The radiation received from the cumulus cloud is illustrated in Figure 10 and
shows the cloud appears to be warmer at longer wavelengths. The two examples
30 demonstrate that a detection unit 10 directed horizontally towards clear and/or
cloudy skics experiences a marked increase in radiation received from the 10.8 pm
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cl oudy skies experiences a marked increase in radiation received fromthe
10.8 [err] - 17 - to 11.9 Jerr] wavel engths. Between 3 and 18 March
1991, another detection unit, simlar to the detection unit 10 descri bed
previously, was tested at the Sakurajim Vol canol ogi cal 5 Observatory
(SVO, Arinura, M Sakurajine on the sotrtlﬂ-'ﬂapanese I sl and of Kyushu. The
unit was nmounted for ground based view ng of volcanic ash clouds produced
by eruptions forbh? peWeveleagths-aj i ma vol cano. The detection unit was

Between 3 and 18 March 1991, another detection unit, similar to the
detection unit 10 described previously, was tested at the Sakurajima Volcanological
5 Observatory (SVO), Arimura, Mt Sakurajima on the south Japanese island of
Kyushu. The unit was xpounted for ground based viewing of volcanic ash clouds
produced by eruptions frbm the Mt Sakurajima volcano. 'l‘h; detection unit was
mounted to view the ash clouds substantially horizontally and at various elevations
and Azimuth angles, in a similar manner as the clouds would be viewed ahead of
10 an aircraft in flight. The results are illustrated in Figures 11 to 14 and the heading
of cach Figure indicates the local time at the start of the measurement cycle, the
date, the location, the type of cloud being viewed, the clevation angle (El in
degrees) and the Azimuth'anglc (Az in degrees) of the detection unit. Figure 11
shows the brightness temperatures corresponding tc; infrared radiation received at
15 10.8 pm and 11.9 um from a volcanic cloud approximately 3 km away. The
brightness temperature at 10.8 pm is clearly greater than that at 11.9 um. The
volcanic cloud was laden with ash. A second example is illustrated in Figure 12
for a dispersed volcanic cloud. Brightness temperatures were obtained for the 10.2
pm and 12.0 pum wavelengths and again the brightness temperatures for the shorter
20 wavelength were distinctly greater than those for the longer wavelength. The
detection of sulphur dioxide to confirm the presence of a volcanic ash cloud was
also tested and Figure 14 shows brightness temperatures as a function of time for
five infrared wavelengths whilst the detection unit was used to view a water cloud.
The wavelengths examined includcd. 8.7, 10.2, 12.0, 10.8 and 11.9 pm. For the
25 water cloud, it is clear that the brightness temperature at 8.7 pm is lower than that
at 11.9 or 12.0 pm. Whereas when viewing a volcanic ash cloud the brightness
temperature at 8.7 um is greater than the signals for all of the other channels, as
indicated by the results illustrated in Figure 13. The cnhanced signal at 8.7 pm is
due to emission from sulphur dioxide and this was confirmed by measurcments
30 taken at the same time from a correlation spectrometer, which indicated that there
was large amounts of silicon dioxide in the Mt Sakurajima volcanic clouds.
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mounted to view the ash clouds substantially horizontally and at various
el evations and Azinuth angles, in a sim|ar manner as the clouds would be
viewed ahead of 10 an aircraft in flight. The results are illustrated in
Figures 11 to 14 and the heading of each Figure indicates the local tine at
the start of the neasurenent cycle, the-dgge, the location, the type of
cl oud being viewed, the elevation angle (El in degrees) and the Azimuth

angle (Az in degre@mgJ néd&&cdﬁﬂ&éhb@aw%tclcaﬁyﬂwhenshlatoahaxﬁa 8éiectiohi ght ness
tenperatures c to infrared radiation received at 15 10.8 [err]

orr on
and 11.9 [err i |1§ faC%F ially horzontably Jewads ¥plganic jash slaugs cxpegiences
brightness tegpel ﬁf‘m Vs t at at 11.9
pm The volcanic ¢ o ﬂlfraglea&]ﬁém v}si‘#o Ellscelc?gin et>§ah‘li lIilgal S illustrated
in Figure 12 Wevclmgﬂnsspmi tiati theo8.2 um chanineluchn uarusgdnmdsectumemﬁ:ubes wer e

O_bt ai ned fgr éurighu%%igxiqc.
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[err] and 12.0 pm wavel engt hs and again the brightness tenperatures for the
shorter 20 wavel ength were distinctly greater than those for the |onger
wavel engt h. The detection of sul phur dioxide to confirmthe presence of a
vot cani ¢ ash cloud was al so tested and Fi gige 14 shows bri ght ness

tenperatures as a function of tinme for fiveZinfrared wavel engths whilst the

detection unit used to view a water cloud. The wavel engt hs exam ned

i ncl uded 8. 7, , ,M§:2.O, 10.8 and 11.9 [err]. For the 25 water cloud, it
is clear that the brightness tenperature at 8.7 [err] is |ower than that at
11.9 or 12.0 pm Wereas when viewi ng a volcanic ash cloud the brightness

temperature at 18.7 [Aedefpction systeat for ushdman hiscraftgeomprising detgcting means (W her

channel s, as indicated.by the results..l]lus i.n Fig h
enhanced si gnal 051{“%5’. 9"'[%?‘?]“?@"8 J@“@'&°§#§é§ (;%E%%P&%cgttr Bﬁﬂ‘r‘& g"lgoég‘l %%mand
this was con§i rsigdl i advEr8é dnfdsphéric conditions exist ahead of said aircraft, and generating

| information which indicates the position of said adverse conditions so the adverse

conditions can be avoided.

2. A detection system as claimed in claim 1, wherein the adverse conditions
10 include a volcanic ash cloud, a high density of sulphur dioxide gas and/or clear air
turbulence.

3. A detection system as claimed in claim 1 or 2, wherein said detecting
means (10) is adapted to generate video display signals for producing a video
15 display which indicates the position of said adverse conditions relative to said

aircraft.

4. A detection system as claimed in claim 1, 2 or 3 wherein said detecting
means (10) includes means (16, 20, 22, 24) for monitoring infrared radiation

20 received by said aircraft, filter means (34, 42, 46) for generating intensity signals
representative of at least one predetermined wavelength of said radiation, and
processing means (48) fdr comparing the intensity signals with reference signals or
intensity signals of another infrared wavelength and generating an adverse

condition warning signal if the results of said comparison indicates said adverse

25 conditions are present.

S. A detection System as claimed in claim 4, wherein said wamning signal is
generated if said intensity signals indicate radiation received of a longer
wavelength is less than radiation received of a shorter wavelength.

30
6. A detection system as claimed in claim S, wherein said wavelengths fall
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30=taken at the sane tinme froma correl ation spectroneter, which indicated
that there was | arge anmounts of silicon dioxide in the M Sakurajim

vol cani ¢ cl ouds. - 18 - The Japanese tests descri bed above clearly
dehonstrated that a detection unit 10 directed substantially horizontally
towar ds vol cani ¢ ash cl ouds experiences -a20rar ked decrease in radiation
received fromthe 10.2 pmto the 12.0 [err] wavel engths, and that the 8.7
[err] channel witintlieaangeeaf Y¥0atod@tast t he presence of 5 sul phur di oxi de.

7. A detection system as claimed in claim 6, wherein said monitoring means
(16, 20, 22, 24) includes an infrared detector array (22) and said intensity signals

5 relate to pixels of said array, such that intensity signals of cach of said wavelengths
correspond to each one of said pixels, and said processing means (48) generates
display signals representative of the position of said adverse conditions relative to
said aircraft on the basis of said intensity signals and position signals representative
of the position of said aircraft.

10
8. - A detection system for an aircraft, comprising means (10) for detecting the

presence of a volcanic ash cloud ahead of said aircraft, and means (48, 52, 54, 66)

for alerting a pilot of said aircraft to the presence of said cloud.

15 9. A detection system as claimed in claim 8, including means (48), responsive
to detection of said ash cloud, for generating information representative of the

position of said ash cloud relative to said aircraft.

10. A detection system as claimed in claim 9, wherein said alerting means (48,
20 52, 54, 56) includes means for generating display signals for producing a display of

said information.

11. A detection system as claimed in claim 8, 9 or 10 wherein said detecting
means (10) is also able to detect the presence of sulphur dioxide and/or clear air

25 turbulence.

12. A detection system as claimed in claim 8, 9 or 10, wherein said detecting
means (10) and alerting means (48, 52, 54, 56) include means (16, 20, 22, 24) for
monitoring infrarcd radiation received by said aircraft, filter means (34, 42, 46) for
30 generating intensity signals representative of the intensity of predetermined |
wavelengths of said radiation, and processing means (48) for comparing the
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-19- CLAIMS: 1. A detection systemfor use in an aircraft, conprising
detecting neans (10) for nonitoring atnospheric conditions ahead of said
aircraft, generating an alarm5 signal if adverse atnospheric conditions

exi st ahead of said aircraft, and generat gqg i nformati on which indicates

the position of said adverse conditions s6'the adverse conditions ﬁan be
: . . . : ‘n the
avoi ded. 2. ;e dietd é:r;[aiso& W0 o Hid %rc%l:t%x'mnﬁgd Iwr;xvgllcr?gltm éind \gA@n%;a(tafng a
adverse condi t1ons _ .
volcanic ash cloud warning signal if the results of the comparison indicate an ash

cloud is present.

S 13. A detection system as claimed in claim 12, wherein said warning signal is
generated said intensity signals indicate radiation received of the longer wavelength

is less than radiation received of the shorter wavelength.

14. A detection system as claimed in claim 13, wherein said monitoring means
10 (16, 20, 22, 24) includes an infrared detector array (22) and said intensity signals
relate to pixels of said array, such that intensity signals of each of said
predetermined wavelengths correspond to cach one of said pixels and said
processing means (48) gencrates display signals representative of the position of
said ash cloud relative to said aircraft on the basis of said intensity signals and
15 position signals representative of the position of said aircraft.

15. A detection system as claimed in claim 7 or 14, wherein said processing
means (48) exccutes said comparison for each of said pixels and a count is
adjusted when the difference between the intensity signals, corresponding a

20 rcsbectivc pixel, of said longer wavelength and said shorter wavelength is negative,
and said warning signal is gencerated when said count exceeds a predetermined

threshold.

16. A detection system as claimed in claim 15, wherein said longer wavelength
25 and said shorter wai_rclcngth, which relate to the detection of volcanic ash cloud,
arc approximatcly 12 pm and 10 pm, respectively.

17. A detection system as claimed in claim 16, wherein said predetermined
wavelengths include approximately 9 pm which relates to the detection of sulphur
30 dioxide.

orre O MAR 1997, |
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10¢ include a vol canic ash cloud, a high density of sul phur dioxi de gas
and/or clear air turbul ence. 3. A detection systemas clained in claim1l
or 2, wherein said detecting neans (10) is adapted to generate video

di Splay signals for producing a video 15 _display- which indicates the
position of said adverse conditions relat®¢e to said aircraft. 4. A
detection systemas clained in claim1l, 2 or 3 wherein said detecting neans
(10) incl udes HeansA@etsctionsystem ag ghaimedyin elaim 1 PhA7 WisIRSaidr adi at i on 20
recei ved by saj | | re nati ng
intensity si gﬁ%‘?gé?tggf‘?sgﬁ‘{éétdlg\i}g ‘8@@%" é%g?a%ﬁeﬁﬁﬁﬂlr@hﬁﬁﬁ&%{/el engt h
of said radi atdeectionofl clrapaie twbulgneeeans (48) for conparing the intensity
signals with reference signals or

5 19. A detection system as claimed in claim 18, wherein said processor means
(48) generates a clear air turbulence waming signal when said intensity signals
indicate a cloud is not ahead of said aircraft and said intensi-ty signals indicate
radiation received for said 6 pm wavelength is greater than radiation received for
said 12 pm wavelength.

10
20. . A detection system as claimed in any one of claims 14 to 19, wherein said

display signals are generated when said processing means (48) determines said ash

cloud is present.

15 21. A method of detecting adverse atmospheric conditions in an aircraft,
comprising monitoring atmospheric conditions ahead of said aircraft, generating an
alarm signal if adverse atmospheric conditions exist ahead of said aircraft, and
generating information which indicates the position of said adverse conditions so

the adverse conditions can be avoided.

22. A method as claim_ed in claim 21, wherein the adverse conditions include a
volcanic ash cloud, a high density of sulphur dioxide gas and/or clear air

turbulence.

25 23. A method as claimed in claim 21 and 22, including generating a display
which indicates the position of said adverse conditions relative to said aircraft.

24. A method as claimed in claim 21, 22 or 23, including monitoring infrared

radiation received by said aircraft, gencrating intensity signals representative of at
30 least onc predetermined wavelength of said radiation, comparing the intensity

signals with reference signals or intensity signals of another infrared wavelength |

R
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i ensity signals of another infrared wavel ength and generating an adverse
condition warning signal if the results of said conparison indicates said
adverse 25 conditions are present. 5. A detection systemas clained in
claim 4, wherein said warning signal is g&@3¥+ated if said intensity si gnal s
i ndi cate radiation received of a | onger wavelength is |ess than radiation
recei ved of a md)gttmratmg\aeladngshw@ﬂuﬁ wamning sigual df thorresujtstofisaids cl ai med in

claim5, wher ewmga%isgn\f\rl? ¢:esnsgtJ1 asdvfcr%e conditions are present.

25. A method as claimed in claim 24, whercin said warning signal is generated
5 if said intensity signals indicate radiation received of a longer wavelength is less

than radiation received of a shorter wavelength.

26. A method as claimed in claim 25, wherein said wavelengths fall with the

range of 10 to 12 pm.

10
27. A method as claimed in claim 26, wherein said monitoring step involves

using an infrared detector array and said intensity signals relate to pixels of said

array, such that intensity signals of each of said wavelengths correspond to each

one of said pixels, and display signals representative of the position of said adverse
15 conditions relative to said aircraft are generated on the basis of said intensity

signals and position signals representative of the position of said aircraft.

28. A method as claimed in claim 27, wherein said comparison is performed for
cach of said pixels and a count is adjusted when the difference between the

20 intensity signals, corresponding a respective pixel, of said longer wavelength and
said shorter wavelength is negative, and said warning signal is generated when said

count exceeds a predetermined threshold.

29. A method as claimed in claim 28, wherein said longer wanlcngth and said
25 shorter wavelength, which relate to the detection of volcanic ash cloud, are

approximately 12 um and 10 pum, respectively.

30. A method as claimed in claim 29, wherein said predetermined wavelengths
include approximately 9 pum which relates to the detection of sulphur dioxide.

30 _
31. A method as claimed in claim 29 or 30, wherein said predetermined

-5 MAR 1997
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-20 - with the range of 10 to 12 [err]. 7. A detection system as cl ai ned
in claim®6, wherein said nonitoring neans (16, 20, 22, 24) includes an
infrared detector array (22) and said intensity signals 5 relate to pixels
of*said array, such that intensity signals of each of said wavel engths
correspond to each one of said pixels, gn% sai d processing neans (48)
generates display signals representative 4f the position of said adverse
conditions re | . Sl [ reraft on the.hasi b,d lLntensity_signals
and posi 11 on r et inEle afbrbiofidy 8 Syl o spe bR ' 107
A detection sipstndenckor an aircraft, conprising nmeans (10) for detecting the

32. A method as claimed in claim 31, including generating a clear air

5 turbulence warning signal when said intensity signals indicate a cloud is not ahead
of said aircraft and said intensity signals indicatc radiation reccived for said 6 um
wavelength is greater than radiation received for said 12 um wavelength.

33. A method as claimed in any one of claims 27 to 32, wherein said display
10 signals are gencrated when said ash cloud is present.

34.  An aircraft comprising a detection system as claimed in any one of claims 1
to 20.

15

A0




pr.esence of a vol canic ash cloud ahead of said aircraft, and neans (48, 52,
‘54, 66) for alerting a pilot of said aircraft to the presence of said
cloud. 15 9. A detection systemas clained in claim8, including neans
(48), responsive to detection oftgB3d ash cloud, for generating information
representative of the position of said ash cloud relative to said aircraft.

10. A detection systemas clained in claim9, wherein said alerting neans
(48, 20 52, 54, 56) includes nmeans for generating display signals for
produci ng a display of said information. 11. A detection system as

claimed in claim8, 9 or 10 wherein said detecting neans (10) is also able
to detect the presence of sul phur dioxide and/or clear air 25 turbul ence.

o
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12. A detection systemas claimed in claim8, 9 or 10, wherein said

det ecting neans (10) and alerting neans (48, 52, 54, 56) include nmeans (16,
nonitoring infrared radiation received by said aircraft,
filter means (34, 42, 46) for 30 I%§$erating intensity signals

20, 22, 24) for

fepresentative of the intensity &
radi ati on, and processing neans (48) for conparing the

edet erm ned wavel engt hs of said

21 - intensity

signals of two of said predeterm ned wavel engt hs and generating a vol canic

ash cl oud warni ng signal

2

FI1G.

if the results of the conparison indicate an ash

ash

3
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cloud is present. 5 13. A detection systemas clained in claim12,
wherein said warning signal is generated said intensity signals indicate
radi ati on received of the |onger wavel ength is | ess than radiation received
of“the shorter wavel ength. 14. Adey ection systemas clained in claim13,
wherein said nonitoring neans 10 (16, 20, 22, 24) includes an infrared
detector array (22) and said intensity signals relate to pixels of said
array, such that intensity signals of each of said predeterm ned

- wavel engt hs correspond to each one of said pixels and said processing neans
(48) generates display signals representative of the position of said ash

- cloud relati Fg§Gtagsaid aircraft on the basis of said intensity signals and
15 positionTsignals representative of the position of said aircraft.
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15« A detection systemas clainmed in claim?7 or 14, wherein said
processi ng means (48) executes said conparison for each of said pixels and
a count is adjusted when the difference between the intensity signals,
cotresponding a 20 respective pi%£él3 of said | onger wavel ength and said
shorter wavelength is negative, and said warning signal is generated when
sai d count exceeds a predeterm ned threshold. 16. A detection system as
clainmed in claiml1B|GwW®rein said |onger wavel ength 25 and qgai d ghorter
wavel ength, which refate to the detection of volcanic ash c[oud, are

appr oxi mat el y [err] and 10 [err], respectively. 17. A defectipn system
as claimed in ai [pter—here+-R—Sa-a—pF ¢l ude
approxi mat el y g\ierr] which relates to thg detection36f sul'hur
|
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30- di oxi de. -22 - 18. A detection systemas clained in claim116 or 17,
wherein said predeterm ned wavel engths include approximately 6 [err] which
relates to the detection of clear air turbulence. 5 19. A detection
systemas clained in claim18, wherein said processor neans (48) generates
a clear air turbul ence warning sig)al3 when said intensity signals indicate
a cloud is not ahead of said aircraft and said intensity. signals indicate

—

k56

oe}
~3
|
0
- -+
R
L
-3
-~
P o
A“/‘*
m
2 ] '
-3
m
! . .
N
L | -
et >
o)
|
SUBSTITUTE SHEET REPLACEMENT SHEET

Date "5 MAR 1937




radiation received for said 6 [err] wavelength is greater than radiation

received for said 12 [err] wavel engt h.

10 20.

A detection system as

cFaimed in any one of clains 14 to 19, wherein said display signals are
generated when said processing nmeans (48) determ-nes said ash cloud is

present.

an aircraft,
aircraft,

15 21.

generating an al arm si gnal

A et hod of defA&3i ng adverse atnospheric conditions in
conprising nonitoring atnospheric conditions ahead of said
i f adverse atnospheric conditions

‘exi st ahead of said aircraft,

avoi ded.

and generating information which indicates
the position of said adverse conditions so the adverse conditions can be
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20« 22.
I ncl ude a vol canic ash cl oud,
clear air turbul ence. 25 23.

conditions relative to said aircraft.
including monitoring infrared radi agpon received by said

21, 22 or
aircraft,

23,

predeternin@%ﬁmxﬂﬂ(y¥¥étéﬁ sai d radi at

A nethod as clained in claim?21, wherein the adverse conditions

a high density of sul phur di oxi de gas and/ or
A method as clainmed in claim?21 and 22,
i ncl udi ng generating a display whighy3 ndicates the position of said adverse

24. A et

generating intensity signals representative of at 30

iaon, C a

% with refereysgey GRAlpPr, | ntensity sigqéMB of an

hod as clainmed in claim

| east one
ity signals
wavel engt h

s
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-23- and generating an adverse condition warning signal if the results of
sai d conparison indicates said adverse conditions are present. 25. A

met hod as clainmed in claim24, wherein said warning signal is generated 5
if« said intensity signals indicate radiation received of a |onger

wavel ength is | ess than radiation r8LBved of a shorter wavel ength. 26. A
met hod as clainmed in claim25, wherein said wavel engths fall with the range

of 10 to 12 [err].
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2{. A nmethod as clainmed in claim?26, wherein said nonitoring step

involves using an infrared detector array and said intensity signals relate
intensity signals of each of said

to pixels of said array,

wavel engt hs correspond to each one of said pixels,
representative of the position of said adverse 15

such t hat

and di splay signals
conditions relative to

said aircraft are generated on the ba¥E3of said intensity signals and

position signals representative of the position of said aircraft.

28. A

method as clained in claim27, wherein said conparison is performed for

each of said pixels and
20 intensity signals,

wavel engt h and said shorter wavel ength is negative,

a count

correspondi ng a respective pixel,

is adjusted when the difference between the

of said | onger
and said warni ng signal

i s generated when said count exceeds a predeterm ned threshqjd.
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29. A nmethod as clainmed in claim?28, wherein said | onger wavel ength and
said 25 shorter wavel ength, which relate to the detection of volcanic ash
cd oud, are approximately 12 [err] and 10 [err], respectively. 30. A

npt hod as clainmed in claim29, wherein said predeterm ned wavel engt hs

i nclude approximately 9 [err] whichl0glldtes to the detection of sul phur

di oxi de. 30 31. A nethod as claimed in claim?29 or 30, wherein said
pr edet er mi ned -24 -
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wawel engt hs i nclude approximately 6 [err] which relates to the detection of
clegar air turbul ence. 32. A nethod as clained in claim 31, including
geherating a clear air 5 turbul ence warning signal when said intensity
signal s indicate a cloud is not-ahead of said aircraft and said intensity
signal s indicate radiation receivelldb3 said 6 [err] wavel ength is greater

than radi ation received for said 12 [err] wavel ength. 33. A net hod as
. claimed in any one of clainms 27 to 32, wherein said display 10 signals are
gener ated when said ash cloud is present. 34. An aircraft conprising a

detection systemas clainmed in any one of clains 1 to 20. 15
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