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Cross Reference to Related Application

This application claims the benefit of U.S. Provisional Application No.
60/013,312 filed on March 8, 1996.

15 Field of the Invention
The present invention relates generally to an aircraft flight management

system, and, an aircraft flight safety system. An apparatus incorporating a passive

detector is used for mapping temperature, for detecting the difference in the speed

and direction of winds at various altitudes and for predicting clear air turbulence

20  conditions ahead of the aircraft.

Background of the Invention

Knowledge of wind speed and direction at various altitudes is valuable to
aircraft pilots for numerous reasons. Two reasons include fuel consumption and
25  safety. At cruising altitude an aircraft's fuel consumption could be reduced if the
pilot was aware of and took advantage of more favorable wind patterns, such as a
lower head wind or a higher tail wind. On long haul flights, the selection of
favorable winds would result in significant cost savings to the airline.
However, currently there are no effective methods or apparatus for passive
30  profiling atmospheric winds ahead of an aircraft during flight. Active systems
using Doppler LIDAR are expensive and have limited range. One method for
determining fuel-efficient aircraft altitudes is described in Gary, U. S. Patent No

4,474,062. This concept is based on determining the air density at altitudes in the
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10  aircraft weight fo air density ratio and doesnt take into account the wind speed
and direction at the altitude that has the optimum value of W/d. As a result, it may
be determined, for example, that the optimum W/d ratio is at an altitude 4000 f
above the present aircraft altitude. If the pilot increases his altitude by 4000 ft and

" then finds a significant increase in the head winds, this situation could completely

15 negate any fuel efficiency savings due to having a more optimum W/d ratio.

In Gary, U.S. Patent No. 4,346,595, it is asserted that by knowing the
altitude of the local tropopause, it is possible to find efficient flight altitudes by
flying about 2000 ft above the tro popause when traveling in a westerly direction
and about 2000 & below the tropopause when going in an easterly direction. The

20 tropopause is generally a broad transitional zone between the troposphere and the
stratosphere. From an operational standpoint, it is not practical to use the
tropopause as a reference from which to make altitude changes. In addition, the
system described in Gary does not take into account local variation in winds that
may be present at the new altitudes.

25 Clear air turbulence (CAT) is a major safety concern for large commercial
aircraft. CAT is a weather phenomenon that is due to vertical wind shear in the
atmosphere. It usually occurs in temperature inversion layers typically found in the
tropopause. CAT results in a rapidly changing airflow over the lift surfaces of the

aircraft. Should the forward velocity of the air over the lift surfaces suddenly
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aircraft. Examples of such approaches based on the infrared emission of CO; are
provided in U.S. Patent Nos. 3,475,963, 3,735,136, 3,780,293, 3,935,460,
4,266,130, 4,427,306, 4,937,447, 4,965,572, 4,965,573, 5,105,191, 5,276,326 and
5,285,070. Other approaches determine atmospheric temperature by measuring the

20 microwave emission from O, as described in U.S. Patent Nos. 3,359,557,
3,380,055, 4,346,595, and 5,117,689, Systems for measuring atmospheric
temperature based on infrared emission from H;O are described in U.S. Patent No
4,266.130 and in the paper by Kuhn ef a/, “Clear Air Turbulence: Detection by
Infrared Observations of Water Vapor™ in Science, Vol. 196, p.1099, (1977). In

25  addition, there have been several papers written describing these types of passive
infrared systems including: S. M. Norman and N. H. Macoy, “Remote Detection of
Clear Air Turbulence by Means of an Airborne Infrared System™ AJAA Paper No
65-459 presented at the AIAA Second Annual Meeting, San Francisco, CA, July

26-29, 1965; and R. W. Astheimer, “The Remote Detection of Clear Air
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A number of the above systems were not successful or were only partially

successful because they were based solely on the measurement of atmospheric
temperature in order to predict th-« presence of turbulence. A more reliable
indication of atmospheric turbulence can be realized by determining the Richardson

15  number, Ri. The use of the Richardson number to determine the stability of the
atmosphere is well known in meteorology (see, for example, D. Djuric, Weather
Analysis, Prentice Hall, Englewood Cliffs, NJ, 1994, p. 64). In the present
invention, the Richardson number is used to indicate the probability of CAT. In
U.S. Patent No. 5,117,689, Gary discussed the correlation of the reciprocal of the

20 Richardson number with the occurrence of CAT conditions. The Richardson
number, Ri, contains two components: {1) the vertical iapse rate of potential
temperature and {2) the wind shear which is related to the horizontal temperature
gradient. A number of the prior art discussions measure the vertical temperature
lapse rate. Gary used the inertial navigation system (INS) to measure the East-

25  West and North-South components of the wind (the wind shear) along with a
microwave radiometer to measure the air temperature vertical lapse rate. This
information is then used to calculate the Richardson number or its reciprocal. The
deficiency of the system described in this patent (U.S. Patent No. 5,117,689) is that

it determines the Richardson number at relatively close ranges (less than 3 km) and
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10 results. The present invention overcomes this difficulty by using only one
wavelength. Gary overcomes the multiple wavelength difficulty in Patent No.
4,346,595 by measuring effective temperature and range at a single wavelength,
however no attempt is made to determine the probability of clear air turbulence
using the Richardson number (Ri). In U. S. Patent No. 5,117,689, Gary teaches

15 the significance of the Richardson number in CAT prediction but does not suggest
a method to derive Ri directly from radiometric measurements of horizontal and
vertical temperature lapse rates obtained by combining azimuth and elevation

scanning with the aircraft motion to produce a temperature map.

20 Summary of the Invention
It is therefore an object of the invention to provide a method and apparatus
for determining both fuel efficient aircraft altitudes and for predicting clear air
turbulence. The invention provides a system for passive measurement of
atmospheric temperature using a detector for detecting the energy of a narrow
25  wavelength band emanating from a volume of atmospheric gas. The resulting
signal can be associated with an effective temperature. The effective temperature
can be associated with an effective range.
It is an additional object of the invention to provide a system utilizing a

radiometer to detect the radiation of a predetermined wavelength band of CO,
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15 up to 6,000 f. above or below the aircraft would be more favorable, either through

a lower head wind or a higher tail wind, such that changing altitude would result in
reduced fuel consumption. The detector can include an infrared radiometer to
determine the temperature field from which the thermal wind at the upper and
lower flight levels is calculated.

20 Yet another object of the invention is to provide an aircraft clear air
turbulence waming system that uses a passive detector on board the aircraft to
generate signals representing horizontal temperature gradients and vertical
temperature profiles that can be used to compute the Richardson number which in
turn can be used to generate a warning when the wind shear exceeds a

25  predetermined value.

Brief Description of the Drawings

Fig. 1 is a functional block diagram of the preferred embodiment of the

invention;
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invention.

15  Detailed Description of the Invention

Fig. 1 provides an overview, in the form of a functional block diagram, of
the operation of the preferred embodiment of the invention which in this case is an
apparatus 10 for installation in an aircraft to detect wind vector difference and clear
air turbulence. Although the preferred embodiment of the invention is described in

20  terms of its application to aircraft, the invention can have other applications some
of which are described below. Installed in a forward, and pantially sideways,
looking location of the aircraft, such as the nose or a leading portion of a wing is a
passive detector 12, preferably a radiometer, for receiving infrared radiation from
the atmosphere as indicated by a dashed line 14. Also, as indicated by a block 16,

25 the radiometer 12 is connected to a directional scanning mechanism which permits
the radiometer 12 to receive the radiation 14 from different directions in both the
azimuth and vertical directions or in only the azimuth direction.

Shown at block 18, the apparatus 10 will convert the sterance or energy L

at a particular wave length A of the radiation 14 as detected by the radiometer 12
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Anot her obj ect é?xferzﬁ&%ﬂe E,S&mrg% Sdstt l&g&v&g a systemfor generating a
e

tenperature nmap usi ng a passive directiona et ector whi ch can detern ne,
at The temperature mapping 20 is used to compute horizontal temperature

10 gradients VT, indicated at a block 22, between the temperatures T, contained in
the map 20 in a horizontal plane.

As represented by a block 24 and discussed below, the horizontal
temperature gradients VT can be used to compute vertical wind vector difference
for flight levels ahead as well as above and below the aircraft.

15 Effective use of the wind vector differenée information generated at 24 can
be made, as shown at a block 26, by displaying the wind vector diﬁ';rence at flight
levels above or below the aircraft in order to provide the air crew with information
as to winds that might be more favorable. This information 24 can also be used as
an input to a flight management system, indicated by a block 28, so that it can be

20  combined with other flight parameters to provide guidance as to the most efficient
flight regime. In addition, this information 24 can be used to compute the
probability of clear air turbulence, as indicated by a block 30 that in turn can be
used as an input to a clear air turbulence display or warning system as shown by a
block 32.

25 The following is a more detailed description of the various elements and
concepts of the invention as shown in the block diagram of Fig. 1.

For example, Fig 2 provides an illustration of the operation of the
radiometer 12 in conjunction with the directional scan mechanism 16. In this case

the scan mechanism 16 directs the radiometer 12 so as to receive radiation 14 from
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preferred enbodhdiometespf thedype describied i thej abave referenced patents such as U.S.
10 Patent No. 4,937,447 to Barrett which is hereby incorporated by reference. In

another preferred embodiment, only one horizontal temperature map at one level is
used for determining wind difference.
Referring also to Fig. 1 and Fig. 3, the temperature conversion 18 of each
point in the arrays 34a-c is accomplished by translating the radiance L(L) received
15 by the radiometer 12, where the wavelength is A, into a signal that is associated
with a temperature T of the volume of air seen by the radiometer. The
temperature, T.q, is associated with the effective range, Reg. which is the weighted
average distance of the signal reaching the radiometer 12. This use of Rexis only
useful in conditions for which R.s does not vary significantly during aircraft flight
20  across reasonable distances at a fixed altitude. It has been found that R.g does not
vary significantly for normal flight conditions, i.e., Rey is determined by only the
wavelength A, the aititude and latitude of the aircraft and the particular time of
year. This has been verified through the use of the FASCODE program. The
FASCODE program is a computer model of atmospheric transmission and radiance
25 inthe infrared. This program is described and identified in the aforementioned
Barrett, U.S. Patent No. 4,937.447. The following Table 1 is a table illustrating
the FASCODE (using the mid-latitude, winter atmosphere program) computed

effective range R.q vs. X in the case that A falls within the preferred band of
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Fig. 2 is MO6P1% representation of a scanning array illustrating the-
operation of a radioneter in the inventioni®f Fig. 1 at three tine

I nterval s; Fig. 3is a pictorial representation of a section
of the atnosphere illustrating the operation of the radioneter of
Fig. I; 5 wavelength. ofICOs emispion farrd zenith epgle E60 degrees Oid AnlRLICHAT t
operating the rfgb&%l ter of Fig. 1 in a horizontal scan node;

Fig. 5is a pic -representation of an aircraft acquiring,a horizontal
tenperature map according to the inventi?g%ﬂgf1 Fig. 1; Fig. 6
is a pictorial representation of an airc perating the radi oneter of 10
Fig. I in a vertical scan node; and Fig. 7 is a pictori al

.represent at ison of the determ nﬁg‘gﬁ Oihth& directi a'r.ld vel ocity of
wind at a | ével above the flig he aircm-‘@lothe

i nventi on. 15 Detail ed Descriptipn of the Inventionjs Fi g.
1 provides an overview, in the formof a functional bl ocﬁ di agram of

the operation of the preferred enbodiz.dent of the inventil@h which in this
case i s an apparatus 10 for iTEEaIIation in an airgraft to detect

wi nd vector difference and cl ear 4 air turbul ence. A ’ghough t he
preferred enbodi nent of the inventignsis described in g44

10 12.6 76.6
12.7 918
12.8 105
12.9 106
13.0 89.3
15

It has been found that the wavelength 12.2 um of CO; is particularly
effective at measuring T.q associated with a range R.q of approximately 120 km for
one altitude and latitude. It should be noted that one of the advantages of the
invention is that it makes use of previously computed values of Rg so that it is

20  possible to provide accurate maps of atmospheric temperature. Also it is possible
to store tables of Reg vs. Altitude and A vs. Req such as shown in the Table | above
in order to adjust the sensitivity of the system and the effective range for various
conditions. Alternatively, it is possible to use more than one wavelength A to
measure more than one Ty at corresponding ranges Rea from the aircraft.

28 The radiance L{}) detected by the radiometer 12 is a function of the
temperature of the naturally occurring CO; in the atmosphere. It is possible to
associate the temperature of the air in 4V, shown in Fig. 3 with a given signal.
The total signal, L{A), is the sum of the contributions, L(L); of signal from each

volume element i along the line of sight of the radiometer 12. Thus



20 ternms of its application to aircraft, the invention can have other

applications sone of which are descri bed bel ow. |nstal nis§1/84189
forward, awd 9387l |y sideways. | ooki ng | ocation of the alrcrart,
such as the nose or a |leading portion of gywing is a passi ve detector

12, preferably a radioneter, for receiving infrared radiation from
the atnosphere as indicated by a dashed line 14. Al so, as indicated by a

block 16, 25 the radioneter ;i ls gppnecsgd.to a directional scanni
mechani sm which permts eﬂe?a@b f ‘12-to receive the radi a?gon 14

fromdifferent directions in both the azimuth and vertical directions
or in only thevierefifintietiradiandedntercepted by the detectorShama vaburie eleinedtd ant e
apparatus 10 wil | convert, th$e st er.anc at a particul ar

% or energy L i
wave |ength [ end§thedrangmission gf theiregiance a%"fa&tﬂéfc\f%tdﬂwewﬁ@ iragdithidsteston 2
\é\g.r/g 6/883}8471189 The temperature T.g is associated with L(A), where T.g is the temperaturg of a

into a val ug Tlyfickbody¥oReVHIEIES@BhCes thesahRTRGTbAletéf eiﬁﬁi; ashgrptmsphere at
an effective range err] fromthe aircraft. The concept of

converting t he effactivetdisiance Ry istdgfined accondingrerthe eguatidferr] and the effective

range Rlerr] will be described b%%\/l_ . Then, as indicated at a
bl ock 20, the T[err] val ues obtai (/G)JI be used to 5 Create a

hori zontal or vertical terrpeR%t:a f atnmospheric tenperature ahgnd
of the aircraft as illustrated i n2ELb&l 2-7. As the aircraft progresses

along its line of flight, the systemdata is collected as shown in

; 9> The appar;akidsiel 3618 of Fig. 1, $60RNPEARR TLERRNRLINIWIRR, Lhd 4 ks at ed
is generated at 20 with the temperature T, at a distance Regin the appropriate

10  direction from the aircraft. For normal flight conditions, R.r does not vary
significantly and is determined only by altitude and latitude for a given time of vear
With respect to Fig. 3, the altitude of 4}, for a Reg of 120 km will be about 1000
fi. above the flight level of the aircraft due to the earth's curvature assuming the
radiometer 12 is directed toward the horizon.

15 Figs. 4-6, illustrate how the temperature mapping 20 can be accomplished
In Fig. 4, an aircraft 42 having the radiometer 12 mounted in its nose causes the
radiometer 12 to perform an azimuth scan of 180°. At each of the five positions
shown in Fig. 4, the radiometer 12 will detect the radiance 14. In this manner a
horizontal temperature map is generated. The radiometer can detect signals

20  sufficiently fast that the motion of the aircraft can be ignored. Fig. 5 shows a series
of locations indicated by a set of rectangular boxes 44,4 that correspond to a set of
time intervals t,4 as the aircraft 42 proceeds along its flight path, where the
temperatures T.g detected for each location 44, can be stored in memory.
Similarly, as illustrated in Fig. 6. the radiometer 12 in the aircraft 42 can perform a

25 vertical scan so that temperatures of locations above and below the flight path can



The tenperature mapping 20 is used to conpute horizontal tenperature 10
gradients Lpdigated at a block 22, between the tenperatur Lt
cont ai ned i\%o*'}ggisgt he map 20 in a horizontal plane. férlasw%m
represented by a bl ock 24 and di scussed bejow, the horizontal

tenperature gradients VI can be used to conpute vertical w nd vector

di fference for flight |evels ahead as well as above and bel ow t he
aircraft. 15 be mapped. Bisfagebily @ xslﬁﬁsslbie tb@n&#awtem@ia&ke Habpb Rireﬂb?&ontal

i nformati on generated at 24 can made, as shown at a block 26, by
di spl ayi ng the Wmab@@t@dhﬂﬂf\'fé\eéﬂé@ﬁaﬁzfl i ght | evel s above or beI ow

the aircraft in ord e e 4 .nf Qr mat.i

wi nds that night bee%%&%pﬁggﬁeqﬁvégmﬁ‘ﬁf g"‘ﬁﬁ?%@%%#ﬂhe%%&d‘ §|P§65*tﬂ§“ﬁsed as
an input to a fddniike ARRAGARIEMp e?&ﬁk%d;éﬂgwaisqﬁd@%e&albipmné @ that it
can be 20 conbined wth other flight paranmeters to provide g |dance as to
the nost ef f5i cialsa possible, by hsigdhthervegicabtemperanddimapping to kalsulateithe mat i on 24
can be used to conpute of clear_air turbul ence, as

E’ e - robabil it
i ndi cated by a 'STBEfRtuTe (RPFFERte Fwang?’rPSEé‘hc%é"a“O" of the;RighardsemNumberfor o a
clear air turbuéog%«angk&o&@gaw;tygpglgwe@@%as shown by a bl ock

32.. 25 'owm n ed description of the

vari ous el enments andAs dlustraled)hycdptrepmientdmnidﬁfglf?l ome ofxhe balient femurdifbl ock
di agram of Fig. nple, Fig provi des an
illustration of‘hP HE’BB%‘&E’?%WPB‘?*‘*&YM*“"*HHS “‘r‘-’éﬂ‘i“Bﬁ‘éE“é? gredients C@mﬂumﬁ‘cﬂtt 28n
wth the di ect

nechani sm 16 di r ? éra@h%eggl one %%’%%%‘y %‘@%?r\%ceroaré‘% Qﬁ’%ﬁl “fﬁdﬁ rom

at various flight levels. In thxs case, only a horizontal mapping at one level is
needed. For example, a method according to the invention whereby the thermal
- wind concepts can be used to compute vertical wind vector difference, AV, as
indicated at 24 of Fig. 1, makes use of the following relation:
15

gAz
AV = - YTk 3
[ﬂ] )

where g is the acceleration due to gravity, Az is the distance between Z, and Z,, f'is
the Coriolis parameter resuiting from the earth’s rotation, T is the temperature at

20  said flight altitude Z;, VT is the vector representing the temperature gradient at the
intermediate level Z; between Z, and Z,, k is the unit vector parallel to the
aircraft’s local vertical and the symbol ® represents the vector cross-product
operator. In Fig. 7, Z; denotes the current flight level of the aircraft, Z; denotes
the flight level above the aircraft and Z, denotes the intermediate level. Equation 3

25  may be found in any standard meteorological text such as Dynamical and Physical
Meteorology by G. J. Haltiner and F. L. Martin, (McGraw-Hill, New York, 1957)
p. 204.

T ==
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what in ef we@®7331873 x 3 arrays 34a, 34b and 34c of points |r¥qli4‘§897’°“89

at nospher e ahead of the aircraft collecting sterance associated with
an effective range Rerr] at tinme in‘t3ervalst[err] and t[err]. In the
preferred enmbodi nent of the invention, a mddle row 36 of the arrays

34a-c is |located at e‘%bﬁ‘er Ecrgz l{e t§xgsé%rla9.m {ag}ég#sla}pgk%'g?&g%?gg gw 38 5

is located at a |lev nt er'nme Weens upper

flight Ievel tem{)elﬁﬁ'l‘i'e ﬁelh QWQﬁe VA &OAV%aA B@é‘é:ﬁ%xtéd a:azd fRoYele apfﬁe giate

between the flight |evel | ower l evel . An 1| atlon of
the flight |evédéwl a8 perrequntilmd(m)nFErgaaxicrafr Ideecuon vectba,cw.o,rthé eéctdP?d@an be any
suitable commercial ly avail ahl e radi eret er .or di oneter of the
type descri bed Aredudhed ¥t uds F‘?f‘@?'éﬁ?é’éi Wﬂ%"éﬁ\?ﬁdﬁe 'Uf%aﬁ N’Ud Pat ent No.
4,937, 447 t Barrett

anot her pre er r&ge %ﬁx@&gd one gp?@é&ttgg %'ervafl é:a?r'glf"a“f one
level is add&edird e vdabevmavp efmre Réindlaff the c@m&R flight level 46 to obtain a
Referring also to Fig. 1 and Fig. 3, the tenperature conversion 18 of each

point in the arvedpsvaeVe W@MGQ@WW tidiregrion andrspeest ofithe wind atabié uppee

L te I th

Mo o & gnal i trvel 4E2TF Splbfthen Tah Sl 5f skt on e B B R e e Lir I
volunme of air SReHdOhelailecréR Wit Rictatid® to the wirdUTRRY @fpe ﬂ:ghT[e’?fE!rdS
associated with the effective range, R err]. which is the wel ght

average di spancteshativiely, ﬁnegimlayr-éanan |bngwh@ displiygusitthe dlﬁirené'mrswmée of

I ful ;
St gni 1 cant1y aaﬁdnadgriseﬁh%ﬂgr& “3 s Bt duny waheE iy BG4 Brece % a
fixed altitude.g d%ﬁh? s d?[rﬁhﬁs] sxﬁ?ﬁﬁ Mth avalue e¥enn
Ror mal I ght con F?

significantly for itions, 1i. err] erm n%d by
only the thendifferange im{ekrcn}f In hi;ixmm mhudﬁa.umfdhl @n |bbunslezi xsfamhmtaor craft

and e par e et sy o il B SPEared B) ld Shebmn the
15 determining the most efficient flight regime. Note that the temperatures are only
needed in one horizontal plane to determine VT, and the wind difference, AV.

It will be understood that the above discussed method of determining
wind direction and velocity V; at the upper flight level 48 would also apply to the
determination of wind at a lower flight level below the current flight level 46. In

20  this manner, it is possible to provide on the display 26 or to the flight management
system 28 an indication of the winds both above and below the aircraft so that the
crew can take advantage of this information in selecting the most fuel efficient
altitude.

Another feature of the invention relates to the use of the temperature

25  mapping function 20 along with the computation of vertical temperature gradients
22 to compute the probability of clear air turbulence 30. In particular, the vertical
temperature mapping 20 can be used to calculate the lapse rate ¢T/oz for
determination of the Richardson number Ri which is correlated with turbulent

conditions. In this case Ri is computed using the following relations:



FASCODE programis a conputer nodel of atnospheric transm ssion and
radi ance 25 _
t he af or e $73ILRT Barrett, U S. Patent No. 4,937,447. The follow ng

Tabl e |

is atable illustrating
W nter atnosphere progran) conputed

in the infrared. This programis described and j

t he ,gASCODE (using the md-latit

the case that X falls within the preferred band of
PCT/ US97/ 04189 WD 97/ 33187

10

degrees and an altitude of

Table 1

121
12. 4
5

76. 6
8

HiJ

15

20

25

5

é9) 35 000 ft.

—

wavel engt hs of (I)[{r rj em ssion for a zenith angle of 90

& Wavel ength ([err]m

1 8
Ef fective Range (km Ri ‘“('g) L‘;l‘ 12.2 )
— 12. 3
i2 i

84.4 10
12.7
where

R
1000]<,
0=T{—— 5

{P} 3)

and where 0 is the potential temperature, ¢8 / £z is the vertical gradient of the
potential temperature, &V / ¢z is the vertical wind shear, g is acceleration due to
gravity, V is the horizontal wind vector, z is height, T is temperature in Kelvin, p is
atmospheric pressure in millibars, R is the universal gas constant and C, is the
specific heat of air at constant pressure. The Richardson number, Ri, is a measure
of the probability of CAT. For Ri below 0.21, atmospheric turbulence occurs and
CAT is likely. Severity of CAT increases with decreasing Ri. Referring again to
Fig. 1, the probability of clear air turbulence is determined at 30 with the result
displayed on the CAT display 32.

The embodiment of the invention in Fig. | has been described in terms of its
use in connection with an aircraft traversing temperature fields in its flight path.
However, this type of apparatus can also adapted for use in mapping temperature
fields from a fixed geographical position. By using the radiometer 12 at a fixed site
to scan temperature at the effective range R.q as described above over a period of
time as the weather moves over the radiometer, it is possible to generate a map of
the temperature fields for a wide area. The temperature map can then be used for
warnings of wind conditions such as clear air turbulence and dry microburst
conditions. Another use at a fixed position is to scan the temperature field in 360°

azimuth and in elevation to determine wind differences, or CAT at one time.

S¥iidaesb i1

ude,

effective range Rerr] vs. Xin

106
12

12.6
91



12.8

12.9,

13.0 = ~WO9I38T H“‘“! l“t‘gﬁl“ “lll;“ \“\ It hasPEELSsT04189,
that the wavel ength 12.2 [err]mof CJerr] is particularly effective
at neasuring T[err] associated with a range R err] of approximtely 120 km
for one altitude and latitud® It should be noted that one of the
advant ages of the i nvention is t |t makes use of previously
conputed values of Rerr] so that it i S possi ble to provide accurate
maps of at W?Qﬁxﬁ'c tenperature. Also it is possible to store tables
of Rlerr] vs. I'tude and [err] vs. R err] such as shown in the Table |
above in order to adjust the sensitivity of the systemand the
effective range for various conditions. Alternatively, it is

possi bl e t o lusn spparatusfon detepmining-the wandivectoer differgnce, AV, bepueena firstror e t han
one T[err] a}.corresponding,r err. fromthe aircraft. 25

The radi ancéftﬁ'f‘fjee##‘]'@m%{%ﬁ{{%z’%“}pg Mmeter 1 2 is a finction of the
tenperature of t%ﬁ&w@h%u%ﬁamaas%%&ﬁﬁﬂhﬁw%r {tis

possible to assocl ate the tenperature o e air shown
in Fig. 3 wat#n sltinidedh and geahs for calculatifig thetvertor tempgrature gradient, [¥T, i s t he
sum of the contriﬁ;} i o&;z'k&éerr] )[err] of signal from each vol une
el ement i aP¥#fFah@ UL NE| ght of the radi ometer 12. Thus WO
97/33187 wind vector difference computation means, responsive to said vector

PCT/ US97/ 04189
temperature gradient VT, for generating a signal, AV/Az where AV represents the

wind vector difference between said sltitudes Z, and Z, and Az is the vertical
distance between the altitude Z, and said altitude Z,.

2. The apparatus of Claim 1 wherein said altitude Z; is equal to said altitude Z;.

3. The apparatus of Claim 1 wherein said VT represents a vector isobaric
temperature gradient and said wind vector difference computation means generates

said AV signal according to the relation
gA:]
AV=—-2—NTQ®k
%

where g is the acceleration due to gravity, Az is the distance between Z, and Z,, fis
the Coriolis parameter resulting from the earth’s rotation, T is the temperature at
said flight altitude Z,, VT is the vector representing the temperature gradient at the
intermediate level between Z; and Z,, k is the unit vector paralle] to the local

vertical and the symbol ® represents the vector cross-product operator.

4. Anapparatus for determining clear air turbulence conditions based on the

prediction of the Richardson number comprising:

THIS SHEET HAS BEEN

. This Sheet Has Been Replaced
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L([err]) = [err] [’KJE"Z s the radiance intercepted by the

detector froma vaol une eIerre M"ﬂﬂl‘ S thetrar}%tp gf'
t he detector ’éﬁ#’ﬁgm

the radi anCEOBERMBLN the vol

tenperature T[err] is associated with L( , Wwhere T[err] is the tenperature
of a 5 bl ackbody source which prﬂguces t he sane radi oneter signal as
L([err]). The effective distatite R err] is defined according to the
equation [err]

gradient means, including 2 directional passive radiation detector, for

As
o420 ool U S B HE Rt SRR PR Y T
di stance R g PE% 8{,%\ onga%%?é h,ﬁflesjtgeve,qbg%%ﬁgh fromthe aircraft. For

normal fligh err] does not vary significantly and is

determ ned only bvnnalshedrudanafui determining-the vertiwabwindrshearn8Vdfozywelsare V
Wth respect to Fig the al-titude of [err] for a Rerr] of 120 kmwi ||
be about 1 ogdaehonzonﬁa{wu@d@y@r{qq@ flight level of the aircraft due to the

earth’s CUI’ vature a?&x%aq@ggeaalg?%ponﬁl\fe to%gi'd l t{f%nk?n@k&t?%&fi ﬂ g,war d the

hori zon. ustrat ey atur e mappi ng 20

can be accofmédn%fir&dcalculatmglmeﬁioaardéonmmvdrrcraft 42 haVI ng the radi ometer
12 mounted in its nose causes the radi oneter 12 to performan azinuth

scan of 180[err]. At each of the five positions shown in Fig. 4, the
radi oneter 1 det ect .t he, radi
hori zont al é%ﬂ&?ﬁ?‘é‘s ﬁ&p?"?rsd ﬂ‘eﬂ%?%fgocﬁ%tfﬁ“é'&r%l mp'%é%%caet ect signals
20 suffi ci Gypdltionk Baded Toli\éthe pRickiBh bptheHickdr@soni iupitaf tor ?ﬁs:ﬁ@ i gnored. Fig.
5 shows a series | ocations indicated by a set of rectangul ar boxes
44, that corres poamemgalh’ scanning radiometer for obtaining atmospheric temperature
measurements 6 over a vertical distance z ahead of the aircraft;
computational means for determining the vertical gradient of the potential
temperature, 56/6z and for determining the horizontal wind vector, V;
calculating means for determining the vertical wind shear gradient, 9V/oz

and the Richardson number.

6. The apparatus of Claim $ further comprising additional computational means
for calculating the probability of clear air turbulence from said Richardson number

and display means for displaying said probability of clear air turbulence.

7. An apparatus for determining clear air turbulence conditions based on the
prediction of the Richardson number comprising:
A passive detector for detecting atmospheric temperature © at an effective
range R g over a vertical distance z from the aircraft; and
means for: )

(i) determining the vertical lapse rate of the potential temperature,

oBioz;

This Sheet Has Been RTi THIS SHEET HAS BEEN
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time intervals t[err] as the ircraft 42 roceeds along its flight path,
where the t enperatures Ell HHm each Iocatlon 44 ermJ can
be storeéd’ | WOBSIR3187. trated in Fig. gecT 189
radi oneter 12 in the aircraft 42 can performa 25 vertical scan so that
tenperatures of |ocations above and below the flight path can

REPLACEMENT SHEET be mappgd. As a result, it is possible to
generate tenparature maps for horizontal ri zont al pl anes
above and bel ow the ai r (if)afeterdhithing the vertical wind sByarr8V(8zwhdrbd isehgper at ur e
fields 20 as described above, it 1s possible to conput e hori zont al
t-enper at ure ghasiroBtRt tel wingvegtor; ndi cated at 22 of Fi g. 1. It is 5 al so

Comperatur e | apse rate (i Uik RE Richhdsln BRRBLORS forf P cdpBhic,

Ri chardson Nunber for conmputing the p bility of clear air
t ur bul ence. As il 1l ust rat ed _representation of Fig. 7,
one of the salient features of ion is the capability of
utilizing the tenperature gradients co t 22

and

(iv) calculating the probability of clear air turbulence from said

Richardson number.

8. A system for measuring atmospheric temperature comprising:

detector means for detecting radiation L() having a wavelength A from a
predetermined direction; and

computational means, responsive to said detector means, for computing a
value T representing the temperature of the atmosphere at an effective range Regr

from said detector means.

9. A method for determining the wind vector difference, AV, between a first
altitude Z; and a second altitude Z; comprisiné:
measuring a plurality of temperatures at an altitude Z; and means for
caiculating the vector temperature gradient, VT, over said altitude Z;; and
calculating, responsive to said vector temperature gradient VT, a signal,
AV/Az where AV represents the wind vector difference between said altitudes Z,

and Z; and Az is the vertical distance between the altitude Z, and said altitude Z,.

10. A method for determining clear air turbulence conditions based on the

prediction of the Richardson number comprising:

This Sheet Has Been Re{“, THIS SHEET HAS BEEN
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10 to generate val ues repr esﬁﬂ{"ﬁﬂ"mmlﬁgw nd vector difference or
hori zontal w nds at vari . In this case N s
hori zont al WRBHdNE? at one | evek | LM . For exanpl e, Pﬁf@ﬂ@ﬂ”

according to the invention whereby the thernal wi nd concepts can be
used to conpute vertical wi nd vector difference, AV, as i ndi cated at
24 of Fig. 1, makes use of the followl8g relation: 15

[err] (3) where g is the

accel eration due tdaloqram(%&% verfiéal lapsé fatd SEthdipotantiaRehpbmnas & £57 ] and
Zlerr]q f is t he riolis paraneter resulting fromthe earth's

rotation, T iwherd® is thepotentinltempérature and®9 is the vesticelisection,evel Z[err],
[err]T is the vector representing the tenperature gradient at the

i nt er nedi at e | evelderrainiag thetveetioal windrshpara @Y /0z where ¥ is the harizontabwinsk

parallel to the aircraft's local vertical and the synbol [err]
represents t NESWEAr cross- product operator. In Fig. 7, Z[err]
denotes the currendalchlatifthd Ri¢BArdsdn e rcraft, Z[err] denotes t he

flight |Ievel above the alrcraft and Z err] denotes the internediate |evel.
Equation 3 25 may be found in any standard neteorol ogi cal text such as
Dynam cal and Physi cal Meteorology by G J. Haltiner and F. L.
Martin, (McGawHill, New York, 1957) p. 204.
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once the tenperature gradients are conputed 22 fr

/8

As a result,

tenperature field 20 the value of [err]V ca
48 per equation (3)

upper flight | evel

et

33;?1{44%91104189

e conputed at 24 for the
For an aircraft direction

vector, V, the vector dot pr,
i ncrease in headw nd or tallwnnd t e
different altitude. | i t Be
added t.o the vector v

d>—

=
&

HV[err], is the

5 experience at the

aan then be

e ¥ f1ight level 46 to

t he direction and speed

obtain a vect or
of the wind at the up
di spl ayed on the disp
information as to the

Alternatively, the di
wi nd speed al ont
flight level 48, for

sign along with a val ue
addi tion, the val ue of
managenent system 28 so t hat factor
determning the nost efficient flig
are only needed in one horizo
difference, [err] V.

di scussed net hod of determ ning g&
t he upper flight level 48 woul d aks]
wind at a lower flight |evel
manner, it is possible to provide o
managemnent

i)
bel ow géggg

c2

his value then can also be
e the air crewwth
48. 10
just the difference in
‘s flight at the upper
| e plus or mnus
ngce in velocity. In
Ut to the flight

olane to determne VI, and the w nd
| be understood that the above

hd direction and velocity V[err] at
y to the determ nati on of
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display 26 or to the flight
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system 28 an indication of the w nds both above and below the aircraft so

that the can take advantage of this information in ti g the
nost fuel ef??cﬁéﬁﬁ" : al titude. : Anot her fea‘t?(ﬁ‘l/ﬁggafo“?q!fe
invention relates to the use of the tenperature 25 mappi ng function 20
~along with the conputation of vertical tenperature gradients 22 to
conpute the probability of clear air turbu Mhce 30. In particul ar, the
verti cal t enperature nmappi ng 20 can be used to cal cul ate the | apse
rate [err]T/[err]z for determ nati on of the Richardson nunber Ri
which is correlated with turbul ent conditions. In this case R is
conput ed using the follow ng rel ati ons:

PCT/ US97/ 04189 WD 97/ 33187
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wher e [err]

potent il ¢ oRSPEDM,.

and where

[err]z is the vertica
[err]V / [err]z is the vertica

accel eration due to gravity, Vis
height, T is tenperature in Kelvin, pis
mllibars, Ris the universa

specific heat of air at constant pressure.
of the probability of CAT. For

measur e
t ur bul ence occurs and
decreasing Ri. Referring

air turbulence is determned at 30 with tH& result 15

CAT is likel
again to

gas constant 3ggd Clerr]

[err] is the potenti al
gradi ent of the

wi nd sh®GEUSEIP4189
the horizontal wi nd vector, z is
10 at nospheric pressure in
is the
The Ri chardson nunber, R, is a
Ri bel ow 0.21, atnospheric
y. Severity of CAT increases with
Rgpg. 1, the probability of clear
di spl ayed on the
has

CAT di splay 32. The enbodi of the invention in Fig.
been described in terns of its use connection with an aircraft
traversing tenperature fields in its flighty path. However, this type
of apparatus can al so adapied for use in pdApping tenperature fields
froma fixed geographical , pos tfi on. 4 L4iy1g the radi oneter 12 at a fixed
site 20 to scan tenperpqqre t e} 4f [ ¢clii range Rl err] as described
above over a period of 1 tli me fag |tp her noves over the
radi oneter, it is p035|bjé'to enerjaj 4 p of the tenperature
fields for a wide area. thre cgn then be used for '
war ni ngs of wind conditi Cliefak /4di r \t ur bul ence and dry m crobur st
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conditions. Another use at a fixed position is to scan the tenperature

field in 360[Qifdyaagey @zimuth and in elevation to determine wind . ...
di fferences, or CA'?‘ at one tine. PCT/US97/04189
15 ) 1. An apparatus for determning the wind vector difference
AV, between a first altitude Zerr]; and a second altitude Z2, conpri sing:
a. tenperature neasurenent mmwformmmeﬂ%qﬂwathoftammaUN%

T at an altitude Z[err]: b. neans, responsive to the tenperature
measur enent neans, for calculating the VI, the vector tenperature gradient,
over the altitude Z[err]; and c. wind vector difference

conput ati onal neans, responsive to the neans for calculating the vector
tenperature gradient, for determning [err]V/[err]z, the wind vector
difference, where [err]z is the vertical distance between altitudes Z[err]
and Z[err].

ta th tc ] td
FIG.5
SUBSTITUTE SHEET (RULE 26)
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2. The apparatus of claim1l where the altitude Zerr]is wthin about 6000
feet of -the ?J(“.,?j.ﬂg%s Z[err] and Z2. 3. The apparatus of claim1l
where the altitudé Z[err] is equal to said altitude Z[err]. PCT/USS7/04189he
apparatus of claiml where the altitude Zerr] is preferably between the
altiudes Zerr] and Z[err]. 5. The apparatus of claim1 futher
conpri si ng: means, responsive to the gggperature nmeasurenent neans,
for generating a nmap of the plurality of tenperatures at the altitude Z3;
means for deriving lines of constant tenperature fromthe map; and

means, responsive to the lines of constant tenperature, for calculating the
vector tenperatue gradient VT.

N

Qf.&.s:/_—_—:

FIG. 6
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The apparantus of claiml1l where the nmeans for cal cul ating the vector

6.
tenperature owesymnaigs err] T. conprises neans for calculating a vector. . .
i sobaric tenmperature gradient and the wind vector difference coWplUSYHisien
means conprises neans for determning [err]V according to the equation
[err] where f is the Coriolis parabgger resulting fromthe
Earth's rotation, T is the tenperature at altitude Z[err], and k is the
to the local vertical. 7. The apparat us of

unit vector parallel
claiml further conprising neans for displaying a representation of [err]V.
8. An apparatus for determning the wind vector differene, [err]V, between
a first altitude Z[err] and a second altitude Z err], conprising:

measuring a

t enper at ure neasurenent neans, secured to a platform for

plurality of tenperatures at a constant altitude Z[err] between the first
nmeans,

altitude Z[err] and the second altitude Zerr]; O
<0y calculating VT, the

responsive to the neans for neasuring ‘enperatur
de Z[qﬁr], nd

vector tenperature gradiqt, at altit
wi ndvector difference copmputati on nea re%gon e t@ithe vector
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tenprature gradient, VT, for generating a signal, M KJE
[err]z is the vertical distance between altitude Z[EE @E N:&SHEET

Z[err]. 9. An apparatus for determining wind profile data for use
in an aircraft flight nanagenent system ased on the predl ction of the w nd
vector difference, [err]V[err] between a tefe-al ti tude Z[err]

and a second altitude Z err] conprising:
t enper at ure neasurenent neans, | ocated

gn ft he alrcraft ‘:n generating a
map of tenperatures T at constant altdityde Z3 ¢ratlg J@gt)wean the first and
second altitudes Z[err] and Zferr]; calg [

calculang [err] T, the vector tenperaturg aI titude Zerr];
and bcwappled/euzoreswdt fifie pessiée qgeperaxtizmpers amnaapsrfes qoixsnne to t he

vect or tenperature f{{‘glet .[err T, for generating a st , [err]Vi[err]z
where Az P “F%@q‘f%?‘? 2 ‘PW(I}PES"L‘é ffle*Set ween the flight altitude Z[err] and
lhe altitude Z[B‘z/ r?;cﬂpmg the temperatur® fiellf 80 QP@?sEﬁﬁédsabQ% &li@hdRsiiel gt her

conpri sing nean etermni ng cr ear
compute horizontal temperature gradients VT as mdlcated at22 of Fig. 1. [tis

2l and vertical

5 also possible, by using the vertical temperature mapping to calculate the
temperature iépse rate £T/Cz for use in calculation of the Richardson Number for
computing the probability of clear air turbulence. _

As illustrated by the representation of Fig. 7, one of the salient features of
the invention is the capability of utilizing the temperature gradients computed at 22
10 to generate values representing vertical wind vector difference or horizontal winds
at various flight levels. In this case, only a horizontal mapping at one level is
needed. For example, a method according to the invention whereby the thermal
- wind concepts can Se used to compute vertical wind vectog difference, AV, as

indicated at 24 of Fig. |, makes use of the following relation:
is

AV = -[%}vm: k (3)

where g is the acceleration due to gravity, Az is the distance between Z; and Z;, fis
the Cariolis parameter resulting from the earth’s rotation, T is the temperature at_the

20 intermediate level Z,, VT is the vector representing the temperature gradient at the

intermediate level Z; between Z, and Z;, k is the unit vector parallel to the
aircraft’s local. vertical and the symbol @ represents the vector cross-product
operator. In Fig. 7, Z, denotes the current flight level of the aircraft, Z; denotes
the flight level abave the aircraft and Z; denotes the intermediate level. Equation 3
25 may be found in any standard meteorological text such as Dynamical and Physical

Meteorology by G. J. Haltiner and F. L. Martin, (McGraw-Hill, New York, 1957)
p. 204,



tuibul ence conditions ahead of an aircraft basegiaon t he prediction of the
Rl chardson nunber, the neans for determning cl ENT
coupri si or determning [err]/[err]z, tge Ve ngEET

gradi ent nﬁ"’"HM'pﬂ“Hﬂﬂrﬂ;mtenperature where [err] is atnospheric

tenperature andiz mepsesents a vertical ME he aircraf ;
neans for determning [err]V/[err]z, the ll' i e ar, where Vis

t he horizontal wind vector; and mEa s for calcul atilng the Richardson
nunber, R, fromthe equatlon 3 1AUG 1999 [err]

11. The apparatus of claim 10 where the repns for deternining clear air

t ur bul ence. fur.@@;corrprl ses neans for dptermning the prgbability of clear
air turbul ence. : 12. The apparatus.of . claiml re the

t enper at ur e measur ement nmeans conpri ses: ' det ect or nmeans for
detecting radiation L(X) having a wavel ength [err] froma predeterm ned

di rection; and utational neans, responsive to said detector

means, for coriputAmgmrw detennining thp parcb yRctas ifferenccaii detwasna fist t he
at ospherg.at. 1 264 hSSlond GilBno2, R@hfiling. oM the

a. temperature measurement mcans for measuring a plurality of temperatures T
at an altitude Z;, '

b. means, responsive to the temperature measurement means, for calculating the
VT, the vector temperature gradient, over the altitude Z3; and

c. wind vector difference computational means, responsive to the means for
calculating the vector temperature gradient, for determining AV/Az, the wind vector
difference, where Az is the vertical distance between altitudes Z; and Z,.

2. The apparatus of claim 1 where the altitude Z; is within abmn 6000 feet of
the alt:tud&s Zyand Z;.

3. The apparatus of claim 1 where the altitude Z; is equal to said altitude Z,.

4. The apparatus of claim 1 where the altitude Z; is preferably between the
altitudes Z and Z,.

5. The apparatus of claim 1 further comprising:

means, responsive to the temperature measurement reans, for generating a map
of the plurality of temperatures at the altitode Zs; .

means for deriving lines of constant temperature from the map; and

means, responsive to the lines of canstant temperature, for calculating the vector
temperature gradient VT.



detector neans.

| 2 13. The apparatus of claim 12 where
the detector nelREPLE

ssive infrared C T sai d
radiation L([erf]). i4.1 The appar at us Fa?ﬁl'}g\l nm: WW%&@
radiation L([erf]) oofpgso®#s jtq the energy resulting fromthe emssmn of
at nospheric CO[gr{] at the wave ngth [err] from H'm,mmu',gmﬂﬂ
atmosphere at the*effective rangej R et§] us of
claim 14 where the wavel ] is between 12.2 ,err]th afd 13.0
[err]m 6. TheEppariitug pbamétw!m@ﬁxc@amfcr&aIWMmgMeWel ength [err]

12 rrlm .
'S 3 ttlrgperlture gradient VT comprises means for calculating a vector isobaric temperature

gradient and the wind vector difference computational means comprises means for

determining AV according to the equation

V- g“]w&u
8 [fT

where f is the Coriolis parameter resulting from the Earth’s votation, T is the
temperature at altitude Z;3, and k is the unit vector parallel to the local vertical.

7. The apparatus of claim 1 firther comprising means for displaying a
representation of AV, '

8. An apparatus for determining the wind vector difference, AV, between a first
altitude Z, and a second altitude Z;, comprising:
temperature measurement means, secured to a platform, for measuring a

plurality of temperatures at a constant altitude Z; between the first altitude Z; and the
second altitude Z;.

means, responsive to the means for measuring temperature, for calculating
VT, the vector temperature gradient, at aititude Z3; and

wind vector difference computation means, responsive to the vector
temperature gradient, VT, for generating a signal, AV/Az where Az is the vertical distance
between altitude Z; and altitude Z,.

9.  An apparatus for determining wind profile data for use in an aircraft flight
management system based on the prediction of the wind vector difference, AV, between
an aircraft flight altitude Z; and a second altitude Z, comprising:

horizontal and vertical temperature measurement means, located on the aircraft,

for generating a map of temperatures T at constant altitude Z; between the first and
second altitudes Z, and Z;;



-17-. 'i:he appar at us BEPLAQEW Sﬁgﬁ the ective r\?wnée Reff is approximately
MO o1 ik ) con EREPLACEMEN e

det ect or neans corprji ses an infraéeﬁilradi oneter and scanni ng neans for
scanni ng sai d radijorfeter-TH The™Ver tdal and horizontal di rections; and

the mappi ng NEAREAEBAAETSe ERANZIHEIVT RO 0EAGr tBEphrafurd SRliRht, anghever ti cal

t enper at ure maps. 19. A method for determining the wind vector™ =
differend@l,ud[:igrt}nd, between a first altitude Z[err] and a second altitude

femper at ur b TROvibr gl P copputation meafls gesPofi i oife fedlon bty of
TeASUI | NgraBRARSRIHY Senefiting siral AV/AE Whire AJTS theFdrital HRRREL BltWetn Hoadi ent

over the altitudé Z[@err];
flight altitude Z; and the altitude Z,.

10. The apparatus of claim 9 further comprising means for determining clear air
turbulence conditions ahead of an aircraft based on the prediction of the Richardson
number, the means for determining clear air turbulence comprising:

means for determining 96/8z, the vertical gradient of the potential temperature,
where 8 is atmospheric temperature and z represénts a vertical distance ahead of the
aircraft; .

means for determining 8V/0z, the vertical wind shear, where V is the horizontal
wind vector; and

means for calculating the Richardson number, Ri, from the equation

(52

@

11. The apparatus of claim 10 where the means for determiniug clear air
turbulence furthér comprises means for determining the probability of clear air

turbulence.

12. The apparatus of claim | where the temperature measurement means

comprises:
detector means for detecting radiation L(.) having a wavelength A from a
predetermined direction; and

computational means, responsive to said detector means, for computing a value
Tetr representing the temperature of the atmosphere at an effective range Reg from the

detector means.
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di.stance betwgen the altitudep gZ[err] and Zerr]. 20. The net hod
of claim 19 whede FHAUR 890ude ¥Z[err] is V\nthmnmmmmgmlmﬂt of the
altitudes Z[e#rf and Z2. 21. The ne where the
altitude Z[erd] Ts equal to thefaltitude Z[err]'. © + * 522 The nethod

of claim 19 r.emLh.e_.aJ.l.Jh.L%J.djﬂ”ZS is preferably between the altjtudes
Z[err] and z[lérr|iheapparatus o cE‘@?13‘W§°¥Fébﬁéﬁe?§Pf@F§¥3ﬁP@Pf$Eﬁ%@SSW8npri si ng
the ste ; i . : of nmeasuring tenperature,

gener at ?én&g&éd ﬁ%tﬁqgff%rﬁg&ﬁlﬁggﬁ?f@!éggn?gﬁgeratures at the altitude Zerr];
deriving lines of constant tenperature fromthe map; and in
response to the Iines of constant tenperature, calculating the vector

t enper at ur e didadiTdetappaatup 9f claim 13 where the radigtionddd hetrespords 40 thel9 where t he

step of egngg,‘%LS‘i\ﬁéﬂ'ggﬁgQﬁhg grg}scs)i%n% %Jsg{\e%ceCOZ at the wavelength X from the

portion of the atmosphere at the effective range Rep

15. The apparatus of claim 14 where the wavelength X is between 12.2 ym and
13.0 pm.

16. The apparatus of claim 15 where the wavelength A is 12.3 pm,

17. The apparatus of claim 12 where the effective range Regr is approximately
120 km.

18. The apparatus of claim 12 where

the wavelength ) is between 12.2 pm and 13 pm;

the detector means comprises an infrared radiometer and scanning means for
scanning said radiometer in the vertical and horizontal directions; and

the mapping means comprises means for generating horizontal and vertical
ternperature maps.

19. A method for determining the wind vector difference, AV, between a first
altitude Z; and a second altitude Z, comprising the steps of:

a.  measuring a plurality of temperatures T at an altitude Z;;

b.  in response to the step of measuring temperature, calculating VT, the vector
temperature gradient, over the altitude Z3; and



gradi ent VT cot

bf cal cul ating RE E%@Bﬂ ET
t enperature gr .of cal culating the w nd vector dI'fference
conprises the $tép of determ ngn

it N TR § RCAst | 1 ﬂillﬂﬂﬂﬂﬂim s

rotation, T isjtl altitde Z[err]% an #s the-unit vector

parallel to th the vector temperature gradient, determining2®- A Met hod
Ad) fference, [err bet'ween a f1rst

altit ude&'ﬁzpe;th}. vsan@lvact@edlﬂ'mned wihiereddsz {B[the ve}mcad ndmtarsc hetwckn thet aliitmde
measur i % gural ity of tenperatures at a constant altitude Z[err] between
the firt B2 ude Z[err] and the second altitude Zerr]; I n
response to the step of neasuring tenperature, calculating [err], the
vector tenperature gradient, at altitude Zerr]; and

20. The method of claim 19 where the altitude Z; is within about 6000 feet of the

altitudes Z, and Z,.

21. The method of ¢claim 19 where the altitude Z;3 is equal to the altitude Z;.

22. The method of claim 19 where the altitude Z; is preferably between the
altitdes Z; and Z,.

23. The method of claim 1, further comprising the steps of:

in response to step of measuring temperature, generating a map of the plurality of
temperatures at the altitude Z;; ‘

deriving lines of constant temperature from the map; and

in response to the lines of constant temperature, calculating the vector temperature
gradient VT.

24. The method of claim 19 where the step of calculating the vector temperature
gradient VT comprises the steps of calculating a vector isobatic temperature gradient and

the step of calculating the wind vector difference comprises the step of determining AV
according to the equation

Ve 3‘”]V®k
A [ﬂ T

»

where f is the Coriolis parameter resulting from the Earth’s rotation, T is the temperature
at altitude Z3, and k is the unit vector parallel to the local vertical.



I n<response t
generating a $i
bet ween t he alitiit ufid Ajte ahdialtitude Z[err].

of claim 25 efe the steps el performad on an aircraft.

met hod of cl aijm 25 where the stéps are perforned on the ground.
28. The net hod. |
t enperatures conprises the steps generating a plurality
t enper atititede/]| areba seepnd altintder®y, conpprisig the wteps of-enper at ures of the
at nosphere at the altitude Z[err] at a predetern.ned_range fromthe

det ect or; andmeasuring a plEiy of femperaturey ata epnstaphy e ¢s RetYrearithe/firsy er

f rom t hgptae gl ﬂl@%e‘?t‘)ﬁﬁ'gﬁ{t@&éize val ues. 29. A method for
' I'l'e da

determ ning w nhd pro
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INT SHEET! |
nal , [Er\g V7 Fa‘r: H ?t mglu‘ijmBHM%;%L%é‘zﬂ;én%ﬁg{igg

%]'ﬂ?e WinQRrebbr BRAFLHCL N0/ Wik "ﬁrl?r:s% ty of

[err]T,

27. The

of

r]T

ta fof use in an aircraft flight managcnent

syst em based inmespbaseoakis siep ofmedsutihg temipechtmectabeulatinkfVeT,ahe eectdV, bet ween
an aircraft flight alti tudﬁ’ézw%g‘r;ggoand a second altitude Z[err] conprising:
f

neasur i AP gradteat, jahals ntal and vertical planes;

generating a 'H’?% Sfisel [ Wﬁi r t
first and secon af‘?ﬁ@%ﬁ%‘%?ﬂ%@g@%?rw _ %%1%%%?‘%@“ h
vect or  taasigeil AVIAR vilicdél e 1Y the verichiTdistakcetbatwetinithd Meitadé (75 abd altdbid Z,,
response to the step of calculating the vector tenperature gradient;

generating a
26. The method of claim 25 where the steps are performed on an aircraft.

27. The method of claim 25 where the steps are performed on the ground.

28. The method of claim 25 where the step of measuring the plurality of
temperatures comprises the steps of:

generating a plurality of temperature values representing a plurality of
temperatures of the atmosphere at the altitude Z; at a predetermined range from the
detector; and

generating the vector temperature gradient VT from the plurality of temperature

values.

29. A method for determining wind profile data for use in an aircraft flight
management system based on the prediction of the wind vector difference, AV, between
an aircraft flight altitude Z; and a second altitude Z, comprising:

measuring temperature in the horizontal and vertical planes;

generating a map of temperatures T at constant altitude Z; between the first and
second altitudes Z; and Z,;

calculating the vector tempcerature gradient, VT, at the altitude Z;; and

in response to the step of calculating the vector temperature gradient; generating a

signal, AV/Az where Az is the vertical distance between the flight altitude Z, and the
altitude Zz.

en the
e
in



si gnal , [er%rl ‘

o ils the vertical di sRiPLASERMENTSHERT
altitude Z[err angpigﬁ ﬁé,é‘it d¢ Z[err]. 7 "3 "The nethod of
claim?29 futhey [co ﬁ dtep of determ ni \ ul ence
condi ti ons ahepdl_of..an_aircrafit |based on the pr eﬁmwmnjuplﬂmnmchar dson
nunber, conprsjng the steps of: | 2ldetermning |erry/[vers]zx the
vertical gradig H %ﬁﬂ r ].is.atnpspheric
tenperature_ and z represents a v%frh{?lca sta tgg\égéﬁeoz&&gﬁ%”@cﬁr@fraft;
det er mi Awdpujeace panditens|ahead dfanaircriftbisedion thespredictionb@he Rikhagdsbhe

hori zon ] v ra..and . cal cul ating the Ri chardson nunber, R,
fromt hé%%’[kggﬁ%%& the steps of: [err]

determining 30/8z, the vertical gradient of the potential temperature, where 8 is

atmospheric temperature and z represents a vertical distance ahead of the aircraft;

determining 8V/9z, the vertical wind shear, where V is the horizontal wind vector;
and

calculating the Richardson number, Ri, from the equation

(9
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