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The present. invention relates generally to the field of radio

comuni cations and, nore particularly, to the field of frequency
conpensation of conmunication Iinks 10 influenced by Doppler frequency
effects. Backaround of the Invention 15
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partition this spectrum intcbﬁé?ﬁ%qﬁy|;figqfkﬁgﬁ@m§@ﬂgaﬁnnels. Each of
t hese channel s are then individually allocated and enployed in 20 the

est abl i shnent of a comrunicati on channel between a transmtter and a
receiver. When one or nore-transnmitters or receivers are in

notion relative to the other, a mely ggggﬂiﬁéfegﬁ ocgurs known as a
Doppl er effect. Doppler effects inf transm ssi on and
recei ving frequenci es of both transmtter and receiver. The presence of
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of radio communications and, more particularly, to the

field of frequency compensation of communication links
10 influenced by Doppler frequency effects.
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15 Typical communication systems are allocated a
spectrum or frequency band wherein they may operate.
Efficient communication systems partition this spectrum
into smaller units known as channels. Each of these
channels are then individually allocated and employed in

20 the establishment of a communication channel between a
transmitter and a receiver.

When one or more-transmitters or receivers are in
motion relative to the other, a well known effect occurs
known as a Doppler effect. Doppler effects influence the

25 actual transmission and receiving frequencies of both
transmitter and receiver. The presence of a Doppler
frequency increases or decreases the actual frequency
employed over the communication channel. Such a shift of
a communication channel frequency may cause the employed

30 communication channel to exceed its allocated channel or
frequency boundary potentially causing interference to
adjacently assigned communication channels. In addition,
if the frequency shift is large enough, the communications
link between the transmitter and the receiver may be

35 disrupted or even lost.

 Conventional communication systems have adapted to
the presence of Doppler frequency shifts by monitoring



a commdni cati on channel frequency may cause the enpl oyed 30 conmmunication
channel "to exceed its allocated channel or frequency boundary
potentially causing interference to adj acent |y assigned comuni cati on
channel s. In addition, if the frequency shift is |arge enough, the
conmmuni cati ons | ink between the transmitter and the receiver may be 35
di srupted or even |ost. Conventi onal communi cati on systens have:
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pred| ctive mechanlsms ar e ficient when transmtters or recelvers
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conmuni cat i on Icummunﬂéaﬁzpqwkihkmsunh as the transmission of a feedback -
error value relating to the Doppler effect on the '
transmitted frequency. Such predictive mechanisms are
sufficient when transmitters or receivers move with small

15 wvariations in their wvelocity vectors or when the velocity
vector of one or both ends is small enough in magnitude to
introduce negligible Doppler frequency shift errors. Such
gradual motion accommodates predictive frequency offsets
for use in communication links. These predictive

20 mechanisms are used to aid the frequency compensating end
of the communications link in "coasting" through fading of
the radio signal. The "coasting" allows the unit to
predict the radio frequency changes when fading conditions
do not allow direct observation of the radio signal.

25 However, when transmitters or receivers move in
erratic or unpredictable directions at sufficiently high
speeds to cause significant Doppler frequency shifts,
known predictive mechanisms become ineffective, especially
during periods of fading when there is no direct

30 observation of the radio signal to correct against. When
transmitters or receivers are, for example, airborne on
conventional'aircraft, a sudden 180° turn of the aircraft
may cause as much as a three kilohertz change in the
Doppler frequency at a communication frequency of 1800

35 Mhz. If such a maneuver was performed during a radio
signal fade where no radio signal exist to track against,



20 mechanisns are used to aid the frequency conpensating end of the
comrunications link in "coasting" through fading of the radi o signal.
The "coasting” allows the unit to ~predict the radio frequency changes
when fadi ng conditions do not allow direct observation of the radio
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may occur or the radio link can shift far enough and
rapidly enough in frequency that the communications link
between the transmitter and receiver may become broken.

15 Thus, what is needed is a method and system for
tracking and compensating erratic Doppler frequency shift
in a communication link employing a frequency offset for
Doppler compensation that will operate in a faded radio
signal environment.

20 Thus, what is also needed is a portable communication
unit for tracking and compensa;ing-erratic Doppler
frequency shifts in a communication link employing a
frequency offset for Doppler compensation.

What is yet needed is a method for tracking and

25 compensating erratic Doppler frequency shift in
communication links employing a frequency offset wherein a
plurality of collocated portable communication units are
in common motion and therefore exhibit a common dynamic
velocity vector and a common Doppler frequency shift.

30

Brief Description of e Drawings
A more complete understanding of the present

35 invention may be derived by referring to the detailed
description in claims when considered in conmnection with



may occur or the radio link can shift far enough and rapi dly enough in
frequency that the comrunications |ink between the transmtter and
recei ver may becone br.oken. 15 Thus, what is needed is a nethod and
system for tracki ng and conpensating erratic Doppler frequency shift

in a commnication |ink enploying a frequency offset for Doppl er
conpensation that will operate in a faded radio signal environnent. 20
Thus, what is also needed is a portable confmnication unit for tracking
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-4- the Figures, wherein |like reference nynbers refer to
émbodiment of the present invention; and

FIG. 3 shows a flow chart of a transceiver frequency
10 offset generation process for compensating erratic Doppler
frequency shift in a communication link in accordance with
a preferred embodiment of the present invention.
The exemplification set out herein illustrates a
preferred embodiment of the invention in one form thereof,
15 and such exemplification is not intended to be construed
as limiting in any manner. )

Detajiled Description of the Drawing
20

The present invention provides among other things, a
method and system for tracking and compensating erratic
Doppler frequency shifts in a communication link employing
a frequency offset for Doppler compensation. The erratic

25 Doppler frequency shifts arise from the dynamic or erratic
motion or change in velocity wvector associated with the
motion of a fast moving platform, such as an airplane, or
a high speed train, wherein a portable communication unit
is engaged in a communication link. The system and method

30 include measuring a present velocity vector of a portable
communication unit, calculatiﬁg the differential velocity
vector betweén a presently measured velocity vector and a
previously measured vector, and supplementing the standard
frequency offset generation with the differential velocity

35 vector, and generating a frequency offset using the
differential velocity vector in conjunction with the
standard frequency offset generation.



simlar nunbers through the Figures and: FIG 1 shows a bl ock
di-agram of a communi cati ons systemw thin which the present invention
may be 5 practiced, FIG 2 shows a block diagram of a portable
comuni cation unit in accordance with a preferred enbodi ment of the
present invention; and FIG 3 shows a flow chart of a transceiver
frequency 10 of fset generation process for conpensating erratic Doppler
frequency shift in a conmunication |ink i m>qccordance with a preferred
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t he differéntial velocity vector_ in conjunction wth_the st andard
frequency Offségfﬁgwgr&pp@ﬁplon further provides a method and system for

accommodating collocated portable communication units that
15 are in motion having a shared dynamic velocity vector but
employing separate communication chénnels having common
varying Doppler effects. The generated frequency offset
is then distributed to each portable communication unit
exhibiting a common Doppler frequency shift. '

20 FIG. 1 shows a block diagram of a communications
system within which the present invention may be
practiced. A communication system 100 is cémprised of
multiple and independent transmitters and receivers,
herein after known as communication units or transceivers,

25 capable of communications through communication links,
that are preferably full duplex links, with other
communication units. Referring to FIG. 1, communication
system 100 has communication units on both airplanes and
satellites.

30 In a communications system composed of satellites and
airplanes such as commercial aircraft, the normal
situation is for both to be moving in a constant
direction, at a constant speed. In such a case, the
normal Doppler frequency shift on communications channels

35 Dbetween the two follow mathematically well defined
frequency shifts which can be tracked by predictive



- 5- : In alternative enbodi nent, the standard frequency of f set
need only be adjusted when either the differential vel ocity vector or
t he conputed Doppl er frequency shift exceeds a standard velocity or
frequency tracking 5 threshol d. In a preferred enbodi nent of the
present invention, velocity vectors are generated by enpl oying the
services of and interpreting the data froma gl obal positioning
system Such a positioning systen1provides‘§tcurate 10 location data for

the determnatign_of th rese J ocation of, the pqortable co i cation
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system 100. Base communication units 105 and 155

facilitate a communication link 115 and communication link

15 165. Fascilitization of communication links 115 and 165
may require cooperative establishment and negotiation of
communication parameters beyond the scope the present
invention.

A portable communication unit 110 exhibits mobility

20 in communication system 100. Portable communication unit
110 hereinafter PCU 110 may be fixed to a number of mobile
platforms such as aircraft or other high speed vehicles
capable of erratic or unpredictable directional change.

When PCU 110 moves in a predictable direction 119,

25 standard frequency offset generation for communication
link 115 suffices in compensating for Doppler effects and
preserving communication link 115’ when PCU 110 has moved
in a constant direction as illustrated by PCU 110°’.
However, when PCU 110 moves in an erratic direction 120

30 (e.g., a 180 degree turn), standard frequency offset
generation techniques such as those typically required to
coast through radio channel fading periods can be
insufficient at preserving communication link 115.

While some communication systems may employ adaptive

35 frequency correction tracking mechanisms the may react
fast enough to solve erratic maneuvering problems, if



situatiton is for both to be noving in a constant direction, at a
constant speed. In such a case, the nor mal Doppl er frequency shift on
comuni cati ons channels 35 between the two follow mathematically well

defi ned frequency shifts which can be tracked by predictive

filters (to handle fading cases) into which these well defi ned
frequency shift curves have been programmed. Erratic notion on the part
of the aircraft such as a turn or bank-tauses devi ations fromthese
wel | defined 5 frequency curves that normal predictive tracklng
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beyond t he scope_t he pr esent Il nvention A porta

communi cati on hS?EH?nekﬁPQPt§anB?IFPVmEBlcﬁﬁleﬂn%ﬁﬁkcatlon syst em 100.
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enmploys location information of the veloc1ty vector of PCU
110 in comparison with a velocity vector of PCU 110”. By
augmenting'or supplementing standard frequency offset
generation with an additional Doppler frequency shift due
15 to the a differential velocity vector as calculated
between PCU 110 and PCU 110”7, the communication link 115”7
may be preserved. .
It should be noted, nothing prevents base
. communication units 105 and 155 from being in motion
20 relative to PCU 110. Additionally a plurality of PCU
110’s may be collocated on a mobile platform sharing a
common dynamlc velocity vector. Furthermore a portion ef
the plurality of PCU 110’s may have communication links to
a separate base communication unit as depicted by base
25 communication unit 155 and communication link 16S5.

FIG. 2 shows a block diagram of a portable
communication unit in accordance with a preferred
embodiment of the present invention. PCU 110 may take on
many forms and in one embodiment, PCU 110 may be a self-

30 contained portable communication handset or in another
embodiment, may be a communication part or slice of a
higher integrated assembly. PCU 110 may be in motion and
may exhibit dynamic variations in velocity vectors
associated with relative motion of PCU 110. When the

35 relative motion of PCU 110 becomes erratic or

| unpredictable, standard frequency offset generation may be



capabl e of erratic or unpredictable directional change. When PCU
110. noves in a predictable direction 119, 25 standard frequency offset
generation for comrunication link 115 suffices in conpensating for
Doppl er effects and preserving comunication |ink 115 when PCU 110 has
noved Iin a constant direction as illustrated by PCU 110'. However,
when PCU 110 noves in an erratic direction 120 30 (e.g., a 180 degree
turn), standard frequency offset gener aBron techni ques such as those
typically required_to coast through radio channel fading periods can be
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probl ens, if additional Doppler frequency shifts caused;by errafic,iic
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suppl enent i ng sbappaed frequemncy offesis. TmeEerediviean 3W0t hagnesdtoyi onal
Doppl er frequen&&né?&itcgﬂﬁunication téchnology such as time domain or
‘ frequency domain multiplexing of assigned communication
channels. Furthermore transceiver 310 may be programmable
15 from a controller 315 coupled to transceiver 310. In the
preferred embodiment transceiver 310 employs time and
frequency domain multiplexing of communication signals,
thus requiring stringent frequency and timing controls of
transmitted and received data. An oscillator 320 couples
20 to transceiver 310 and controller 315 provides a reference
signal to transceiver 310 for modulation and demodulation
purposes. —
A positioning generator 330 measures velocity vectors
associated with PCU 110. Velocity vectors, designating
25 direction and magnitude, are iteratively sampled by
positioning generator 330 to determine erratic variations
in the orientation of PCU 110. Positioning generator 330
measures a present velocity vector and presents the
present velocity vector to controller 315 for comparison
30 with a previously sampled velocity vector. Positioning
generator 330 in the preferred embodiment employs a global
positioning system for generation of the velocity wvector.
Global positioning systems are known by those of skill in
the art and are not discussed herein.
35 A transmission parametef predictor 325 coupled to
controller 315 and positioning generator 330 tracks or
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velocity vector, if not corrected for , will dlsrupt the
future frequency predictions of the filter. Transmission
parameter predictor 325 incorporates a differential
velocity vector in its calculation of a frequency offset
when the differential wvelocity wvector exceeds a standard

‘tracking threshold. A standard tracking threshold is that

threshold wherein a Kalman filter or a like filter such as
a coasting filter may continue to provide, through
predictive techniques, future frequency offsets for
Doppler compensation. These coasting filters are designed
to predict future Doppler corrections for cases when the
radio link experiences fading and assume that either end
of the radio link do not undergo any significant velocity
vector changes. Transmission parameter prediction may be
implemented as a Kalman filter having a separate
controller for receiving and adjusting the Kalman filter
outputs in relationship to the received differential
velocity vector received.

Transmission parameter predictor 325 enables PCU 110
to maintain a communication link during erratic velocity
vector changes such as occur when an airframe or other
mobile platform erratically or suddenly change their
velocity vector.

A controller 315 couples to transceiver 310,
transmission parameter 325, and positioning generator 330
and receives velocity vector data from positioning

thenwdedPCihy &ﬁcﬁﬁnPFab FB?e@he Slnc%1 ?lﬁﬁkﬂeﬁbppler
frequency shi ftrmt@ﬁuaagv bgsemest uRiformnoelosioiePdh 18k RGE W BorALKS

not i on



When operational, PCU 110 supports a conmunication I i nk through an
antenna 305 and a transceiver 310. Transcei ver 310 communi cates over a
comuni cation link 10 while enploying a frequency offset for mtigation of
Doppl er frequency effects. Transceiver 310 nmay enpl oy gener al

conmmuni cation technol ogy such as time domain or frequency domain

mul ti pl exi ng of assigned conmuni cati on channel s. Furthernore
transcei ver 310 nay be programmable 15 frdd=a controller 315 coupled to
transceiver 310. 1In the preferr enbaodi ment _transcei,yer 310 eqPons

d
time and f r 88BERRYS ddIRi n CRAEHGHISE #d o Hakesati oh 1
thus requiring gtlobyept vécitsptiancy ianGr ialtegnatet embsdiient, transnitted

d i ved data. . il at 320 I 2 t ' 3.1 d
control Ler 315 Bravroeenas efiars 3V Bay) s loy Rk S o bF e,
nodul ation and wekoditwtvertor, foir pesesn comparisoA wéSht aostamdaeder at or
330 neasureg Velr8$b&¥5%e€£ éléingf tk&%%ﬁﬁil‘ﬁ.edﬂ’f B0 B¥Yelhlte VEhBSAident

g on _an

vectors, designatin | rect n&&yltqde, are Iteratively sanp! ed
by posi t i onfFagtyehtent Ht5 IFolqud at@se tihien didfexentiadr Pappbes in the

orientation of P Aey Fo9i £ OFdN ©1e NS dcRbadd@on wibRAgUEEandaRd €SENt
esents th present vel ocit o controller

vel ocity vector _an res e ve aor
315 for conpari §’6ﬁq‘3g“°3ﬁn Y’FP‘Q‘%R%\R%}V%WFQH‘WQF%EF'é \r‘)eéi%?.
Posi ti oni ng igeeefates wikh itrdwdineirenned ferbpitortdingnahdys a gl obal
osi t1 on ngrSy<Fee: rad et R A o RortEe 18 51s sty |,
di scussed her ei int@6faces to\ a rusmmniisgienfacser 346t Eorpisterfacin@switupl ed
to control | efadmi AP0s REStd | AU BB ¥ethilnatd03462CkEs8E terminals
' 345 may be voice, data, or other computer-like terminal
devices for presenting and perceiving information.
15 Furthermore, user interface 340 may accommodate a
plurality of user teiminals 345 by providing multiplexed
or dedicated access to user terminals 345.
In an alternate embodiment, a mobile platform wherein
portable communication units 110 are located may
20 accommodate a plurality of portable communication units
110 or portions thereof. FIG. 2 depicts a first portion
350 of portable communicatién units 110. First portion
350 may be a plurality of PCU 110s receiving communication
data from a particular base communication unit 105 as
25 depicted in FIG. 1. A second portion 355 of portable
communication units 110 may receive communication from a
second or separate base communication unit 115 as shown in
FIG. 1. These spatially diverse base communication units
present differing Doppler freguencies that possess
30 ‘'separate or independent frequency offsets for
communications with base communication units 105 and 155.
Where collocated PCU 110s receive transmissions from a
common base communication unit, only one PCU 110 need
calculate a frequency offset for use during erratic
35 changes in velocity vectors as each has a common Doppler
frequency offset. In such an embodiment, generation of a



-9- - generates frequency offsets used for Doppler frequency
eanpensati on. Transm ssion paraneter predictor 325 may be conpri sed of
a Kalman filter for tracking slightly varying paranmeters such as a
gradual change in Doppler frequency. 5 However, traditional Kalman filters
are unresponsive to erratic changes in paraneters such as a change in
t he vel ocity vector affecting Doppler frequency, particularly when
the velocity is at high speed. Since the ilrter natural ly assumnes
uniformvelocities on the part qof both 10 of. the.,co | i nk
the erratic cloHgeR ﬁﬁeﬂuencyv8$S§FFym§¥cP%r31§?r+kﬁt%9w9rqgghf :?631\MII

di srupt the 110@Uhhwin§rtﬂéeBQMepDeﬂpméroﬂSeqmem@p difgetr. Transnission
par anmet er predi ctor 5 ora a differenti C $ﬁ%p
its cal cul ation of §%$ é @% 8W fg &hgﬁ %h§£%n§?e¥6%{n€1é%¥ ty
vect or exceeds:f&‘settag@aeatatlont paokeag fbrestwbensating reratie RS
threshold ts tdhalyen gtgbgglaoaﬂ YNEBRhndcKBLBAM Lk L8 Licdiddrde hiddter
such as a co

ey contlnue to provide, through
predictive tea’lmng.f@ireﬂnemb@dﬂ-m@qﬁeﬁéytbﬁf BEESEREr IDVENER or

conpensati on. The%@tﬁﬂﬁ§%&@9mkbsh§%% %r9r@§éhﬁnﬁéloc1t&0v@éearCisfuture
Doppl er corrections for _cases when g Cﬁ fﬁ exaﬁale cqg fadi ng
and assune t h&axhdiigad ¥y the PSFSFHE F&GFS PEnk ) ny
significant vabwé,y a veléerdtyr v@h&b@eﬁxayTbanealeﬂlane@armreimrtlpe edl ction

may be 25 as.a Kal n filter rol | er
for recei an %sﬁ"f?&dr}% al HEATPi Pt g#OEQl%égga&aﬁgrggt?%nshl p
to the recelvd&dedrmvaumaﬂ of 10¢atoon1¢ateetoDerevetvgﬂ of a location
Transmi ssion pay i Gy 25 B°bke BEthld0n0 cioramiatal ba
comuni cation Tin urlng erra |c vel gci t vect or chan es uch_as occur
when an ai rfr &fthex mathads foﬁnﬁﬁqe§mﬂpépgbﬁnW@FP&%FXaVF?t ehid®ehI y
change their qqpVvelocity vector. A controller 315 couples to

330 B rocki ol Vi GRYHSFRARR BRI, SRR R R LOCitY YEBELE!Cr

may be calculated by employing. standard aircraft avionics.
Standard aircraft avionics may include gyros and other
electronics for determining a direction and velocity of
 PCU 110. The use of standard aircraft avionics for the
20 generation of velocity vectors are known by those of skill
in the art.

A task 410 calculates a differential velocity vector
using a previously measured present velocity vector for
comparison with a previous velocity vector which has been

25 stored or retrieved from a previously iterated measurement
of a velocity vector.

A query test 415 determines if the calculated
differential velocity vector exceeds a standard tracking
threshold. When a standard tracking threshold has not

30 been exceeded, a task 420 generates a transceiver
frequency offset usiﬁg standard frequency tracking
generation techniques. Generation of a transceiver
frequency offset when a standard tracking threshold has
not been exceeded may be accomplished, in the preferred

35 embodiment, by employing a Kalman filter for standard
frequency offset generétion. Other techniques are known



-10- generate 330. Controller 315 calculates a differenti al

velocity vector or, in an alternate enbodi nent, posi tioning generator
330 may cal culate a differenti al vel ocity vector for use in conparison
with a standard 5 velocity tracking threshold. In an alternate enbodi nent,
controller 315 calculates the differential Doppler frequency shift for
use in conparison with a standard frequency tracking threshol d.
Controller 315 al so interfaces with trafsceiver 310 for prOV|d|ng and
10 receiving transm ssio at Control | er. 315 additi onal

interfaces to a¥sEROFfit ék%ﬁkdﬁlﬁ@P PﬁFeFPEbSﬁ&eﬁFFﬁon'°rtF€ﬁE#ﬁQQG§¥
data from user &mphoying Sddstidieraligerithfiss for pRéfireyoheofaniieor data, or
ot her conputer- na vi.ces for presenting and perceivVing

i nformati on. &ééﬁ?% #%m)éap%F%ﬁgi SKtsr f ace 340 may accommodate a
plurality of user teIn1aalalﬁﬂmhage;ﬂmhndﬁmﬁyunﬂﬂ|quep€esent btnverdiont ed
access to user Lehfh | | Bt nobi | e
pl atform mg’?eu Il?l f%%g%ﬁel%%kMrﬁtgs#o%%lﬁ| tEE %hggrsg?%cat ed 1rr%Sy 20
acconmodat e a pRBfaPF $y1¥9 R tamitaino shatiucadndermation emplaying portions

the[ eof1 10FI S Z%QQEé.fiﬁe aféédl%e%c&@@ﬁﬂa%{éters 3.5%0@?11&9" bet! ﬂe_;moatméh%ﬁl on
units irst _portipn e a rality s_fecei ving
conmmuni cati on fﬂﬁf 1R 3hecysd « ﬁégqsn ad g §SﬁﬁuﬁFgaF}8hn%ﬁ?f£ﬁ%%sas 25
depicted in Fl Gsudh 1@95&£1ﬂ§1ﬁﬁﬂdbamk.aﬁ§'@hepobbahﬂgustedChynunlcatlon
units 110 r |c< n

cormuni cat 19 it ieSCITHp Afidiing 4 Fecpai Ao PERNARARY | .
comuni cati on upffset. Howeseamnt whdﬁ«awdyjfsmspmealfwquemcyege¢hmr possess
30 separate Or ekBdefsnseilarddHW aIREKAS ¢htekBbld, iterative feedback

compensating techniques are by themselves inadequate for

tracking erratic velocity vector changes in PCU 110 since
15 the standard tracking algorithms assume each end has a
“uniform velocity. |

In the preferred embodiment, the standard tracking
threshold is a velocity change threshold. When the
differential velocity vector exceeds the standard tracking

20 threshold, as in the case when PCU 110 has erratically
changed its velocity vector, a task 425 supplements the
standard frequency offset generation with~the differential
velocity vector. Supplementation of standard frequency
offset generation with differential velocity vector

25 information allows PCU 110 to maintain a communication
link during erratic velocity vector changes.

In an alternate embodiment, the standard tracking
threshold is a'Doppler frequency shift threshold. Once
the differential velocity vector is determined, the

30 resulting Doppler frequency shift can be determined and
the magnitude of the frequency shift compared against a
standard frequency tracking threshold wherein standard
tracking compensation mechanisms are sufficient. When the
Doppler frequency shift exceeds the standard freguency

35 tracking threshold, standard frequency offset generation



communi-cations with base comuni cation units 105 and 155. Wher e

coll ocated PCU 110s receive transm ssions froma common base

comuni cation unit, only one PCU 110 need cal cul ate a frequency offset
for use during erratic 35 changes in velocity vectors as each has a comon
Doppl er frequency offset. In such an enbodi nent, generation of a

common frequency offset may be distributed to other PCU 110s having the
same Doppl er frequency offset. FF&3-3 shows a flow chart of a
transcei ver frequency of fset generation process for conpensatin

erratic Doppl eitss5 suppdemenéeds kv 8thDBPE6ﬁﬁuﬁ¥%@#¢W |$HAES (£ e
with a pr effronednemgadiferehtohlt $e1pEes9¢MNetB¥LMhfdkmation. A task

405 neasures a present velocity vector as xhi bi t ed t he esent
State of POy 110, - adthatey notheto e tertaseoenBidiBent, Tip BEARSRD! at ed,
as in the 10 pmeickingd threstioddntis aai agcalgrabadn prisrésloridiy Biss em

for derivation_of |. i a ' ' o) ' f
coor di nat esg may eln?@tee (és%egﬁ\%i P‘ﬁgg?'hérg;:gggrgl %g?ées&%aﬁgped o?%ée)jfnsn%t%ods
for deterni ni ngtandeirdcircgelerasionf tpacking thoeshsld whergin mtandagdat e
enmbodi hent, a Rﬁ&ﬁﬁ%ﬁhgv%bﬁ@bbﬁa%%?hoﬁechanﬂgﬁsb?réaéﬁf%£%i¥}npy ﬁﬂﬂ%@gﬂﬂﬂ

standard aircraft agvignics. andard,alrcraft avioni¢cs nmay inc

. ude
gyros and ot hefagnitydec ofyfhes acerlgepbiAPNVAGLATr (¥R D RS AITEL y of

PCU 110. The usRcfleratidar €rackihgl the¥kholas &€4ndded 2fregittiatd Oisey
vel ocity vgﬁtors are _known b th;se 0

kjll ' h t. . LA
Vask 410 cofcoSRBras o e, SHPPIERSBESR Py vhe BPplef Afquency shied

calculated from either the differential velocity wvector or

acceleration vector information.

In yet another alternate embodiment, once the
differential velocity vector is determined in task 410,

15 the resulting Doppler frequency shift can be determined
and the standard frequency offset generation is
supplemented by the Doppler frequency resulting from
differential velocity wvector information at all times. In
this case, no threshold is applied in determining when to

20 supplement the standard frequency generation algorithm.

In summary, the present invention provides an
improved method and apparatus for tracking and
compensating erratic Doppler frequency shifts in a
communication link. The present invention implements

25 erratic Doppler frequency compensation by measuring a
present velocity vector and comparing the present velocity
vector with a previous velocity vector to calculate a
differential velocity vector between the two vectors.

Having determined a differential wvelocity vector,

30 this vector itself may then be compared against a standard
velocity tracking threshold wherein standard tracking
compensation mechanisms are sufficient. When the
differential velocity vector exceeds the standard tracking
threshold, standard frequency offset generation is

35 supplemented by the Doppler frequency shift calculated
from the differential velocity vector information. A



using a previously neasured present velocity vector for conparison with
a previous velocity vector which has been 25 stored or retrieved froma
previously iterated nmeasurenent of a velocity vector. A query
test 415 determnes if the cal cul ated differential velocity vector
exceeds a standard tracking t hreshol d. When a standard tracking
threshol d has not 30 been exceeded, a task 420 generates a transceiver
frequency offset using standard frequency tkdcki ng generation

techni ques. Ceneration of a transceiver frequency offset when a
standard tracki fgeEnReRSYiPELFRE for useinm@edntadsdaed they CHRMUREA P hed,

}n the pref ﬁresﬂiﬁﬁ igﬂbl@&hr@écl'xiehréﬁé&fﬁﬁx?ﬂdﬁ i% K&Eﬂ&ﬁittihgraﬁ@r standard
requency o set epnerati on er tecnhni,ques are own .

L12- by t hBSESEYLa% | | COMMPREAROR dinks, Bey; tHrtioPe; Fuskainedy

enpl oyi ng coast dagiag gerratie Dapplere dircguencyf shiifiting ofdavpattalvbke i n

par anret er's. o Bllod LRI S S I AL L enbr GREDL LNeNAOD O

conmuni cati on Ifﬂﬁgugégﬁeen basp conmuniCation u
contai n status fhaonehtisrexeerignging fadimer.ative feedback paraneters

informng PCU 110 of rREr BFesent VEAHSS idh HRlL YL daveney abbvetwignd
timng offsets. Such iterative feedback hmay then_be adjusted by 10

increnental |y aHSEREPRGSD It RERfSFed SHhodiagntsequlRWEver. Bhoset.

However, when asiiiieaeiti@the itOGIN WRERMize tBuEeceHangest andard
tracki ng threshol

hensel ves ThadBaaLeLRhfond nay He dmsc, e, EHERSL POE LR T FBPOSTAREEE. | 1
PCU 110 since without departing from the scope of the present invention.
For éxample, those skilled in the art will appreciate that
the precise processes, tasks and task sequencing described
herein, may be considerably varied while achieving
15 equivalent functions. These and other changes and
modifications which are obvious to those skilled in the
art are intended to be included within the scope of the

present invention.

20 what is claimed is:



15 the standard tracking al gorithnms assume each end has a uni form

vel ocity. _In the preferred enbodi nent, the standard tracking
threshold is a velocity change threshold. Wen the differenti al

vel oci t the standard tracking 20 threshold, as in the case
when Pcmma“m;“ﬂg“ﬂ ally changed its velocity vector, a task 425
suppl eneatscthe " Sstandard frequency offset generation with the
differenti al vel ocity vector. SupplenEﬁﬁation of standard frequency

of fset generation with differenti al velocitﬁ Vﬁctor 25 information allows

PCU 110 to maintain a conmuni cation i §ng erratic velocity vector
changes. In an alternate enbodi nent, the standard tracking

threshold is a Doppler freque i ft.thr | d. | fferential
vel ocity vector is eteH%%%%égﬁ¥W§H§6kngs§§??ﬁ§ Eé%%ﬁ%raf?%€§§%%§ shift
can be det er ni wssmamd catiophendtigant mdbioh whthfaedymarsic sreXecitanpar ed
against a 5 SRR o HRANRRC Yok RebbRInk NaRANLIoUREL €1y LAY

tracki ng conpensation mechani sns are sufficient. \ ) ) p cgr
frequency shi f tPPRIEEd Sresiencyn §BLE L LBgBeREPMUBicREHR%| Kk HeraRMY ng

st andard frequeneatrefu @FFeka! iFe? Doppler compensation, said method

- 13- I's suppl enent e 2{ t he Dogg[er frequency shift cal cul ated
fromthe differsHETHSIRG §&8 FLERE: BE i nf or mati on. I n yet anot her
al ternat e enbodi nrentmeddherisicard présent wedokinyg trbceshodbfl saidnportable

acceleratige_tg%ﬁgﬁghgmgtgg ugégggnitude of the acceleration can be

conpared again andard accel eration tracking threshol d wherein
st andard t racki mplendpdrisw isodlifferentim yedosityi veehor hMakweeme

said present velocity vector and a previous velocity

vector, said previous velocity vector being an earlier
iterative stored sample of a velocity vector;

15 supplementing standard frequency offset generation
with said differential velocity vector, said standard
frequency offset generation providing adequate tracking of
non-erratic Doppler frequency shift; and

generating said frequency offset using said standard

20 frequency offset generation and said differential velocity

vector.

2. The method as recited in claim 1, wherein said
supplementing step comprises the steps of:

25 when said differential velocity vector exceeds a
standard tracking threshold, supplementing standard
frequency offset generation with said differential
velocity vector, said standard frequency offset generation
providing adequate tracking of non-erratic Doppler

30 frequency shift. -

3. The method as recited in claim 2, wherein said
standard tracking threshold is a velocity change
threshold. '

35



magni t ude of the accel eration vector exceeds the standard accel eration

tracklﬁg‘t standard frequency offset 10 generation is

suppl ene t he Doppl er frequency shift calcul ated fromeither the
differen !mmmﬂﬂmm tor or accel eration vector information.

In yet a ammenbodl ment, once the differential velocity

vector is determfledsin*task 410, 15 the resul ti ng Doppl er frequency shift
can be determ ned ~and the st andard freqaéncy of fset generation is

suppl enented by the ppl _er uenc esultin m differentiag

vel ocity vector infor 'Ig’r? %gf’ﬁ f"%nﬁ?""lr‘ﬁd o ﬂ"f‘%’"c%‘sé"’ hereimhsedibi d i s
applied in det ersﬁalidag:therackanOthsephbbdehs & hpopsyh el i wrhcfuengye shit £t
generation algorlﬁg%m_ In summary, the present invention provides
an i nproved e é) and apparatus for tracking and conpensati ng
erratic Doppler frequency shifts in a comuni cation |ink. The present

| nvention | npl ement s 25 14id HeholORR! PecitdUEACH AAMPENSHUADRaia
measuring a present vel ocity vector and comparing the present ]'Iomty
vector with a prb@ndledrd, &rgekingy EBreshedd chs cp Acleratiqn threshp

vel ocity vector between the two vectors. Havi ng det er m ned a

differenti al veIOC|ty ve this vec Ltse n he co red
agai nst a standard ghﬁﬁﬁFégPpaéﬁl Sc?ﬁ?gsﬁﬁlﬁiﬂ&éFgng HEP
tracki ng commmm:mnsrmphaompmsesethefétepemf When the
differentiajyvel oci t%!ﬂ&sﬁ tL d,
st andard friéquen e'L[ ﬁg laligg’al SSgéi@EQﬁiﬁgﬁéﬂ%&%ﬂ%Oﬁ t‘?eetr%) 3::1%5 _
frequency shift H@Gﬂa@@@sent vedacihe ﬁ¢¢t@¥ent|al veIOC|ty vect or
information. A - 14-

7. The method as recited in claim 1, wherein said
measuring step comprises the step of:
15 employing conventional aircraft avionics for
generation of said present velocity vector.

8. The method as recited in claim 1, wherein said
supplementing step further comprises the step of:
20 employing Kalman filtering for said standard
frequency offset generation.

9. The method as recited in claim 1, wherein said
supplementing step further comprises the step of:
25 © employing iterative transmission feedback denoting
frequency offset errors of said Doppler compensation from
said standard frequency offset generation.



frequency offset for use in maintaining the communication link is then
generated for use in transmtting and -+ : receiving. Communication |inks
may t hen be sustai ned during erratic Doppler frequency shifting of a
portable 5 communication unit, even in an environnment where the radio
channel is experiencing fading. The present invention has been
descri bed above with references to preferred enbodi nents. However,

t hose skilled in the art will recogni z&7rhat changes and 10

nodi fications may be nmade in these preferred enbodi nents wi t hout
departing fromthe scope of the present invention. For exanpl e, those
skilled in the art wl| apNEfHOD!ENDhBPPARATUS CFOR ERFSCTIU OOFFSER, t asks

and task sequenci ng descri bed ' e lderably varied while
achi eving 15 equi val ent functionggﬁéggggYa%%ﬁ%Eﬁgaﬁgﬁi nd
nodi fications which are obvious to those skilled in the art are

i ntended togbe included within thg,sepper Obrtfife DisdIKI/ [ nvention. 20

What is clainmed is: - 15-
1. In a communication system having a portable comuni cation unit in

motion with a dynamg autnRfdilcation’ @¢lstem dnttubed bake! E8ftiiAScafon

conpensating erratic
P g u&éts (105,155) facilitating a communication link with

portable communication units (110) in motion relative to

10 base communication units. The relative motion between
base communication units (105, 155) and portable
communication units (110) introduces Doppler frequencies
into communication links (115, 165). When portable
communication units (110) travel in a predictable

15 direction (119), frequency offsets for Doppler
compensation are generally predictable. However, when
portable communication units (110) move erratically in
relationship to a base communication unit (105,155},
frequency offsets for Doppler compensation are not easily

20 calculated. Incorporation of velocity wvector data into
the frequency offset calculation for Doppler compensation
provides reliable traéking and Doppler frequency
compensation for erratic motion of portable communication
units (110). (FIG. 3 to accompany abstract)



Doppl er frequency shift in a comunication |ink enploying a frequency
of fset for Doppl er conpensation, said nethod” - conprising the steps of:
measuring a present velocity vector of said portable 10 comunication unit;
calculating a differential velocity vector between sai d present

vel ocity vector and a previous velocity vector, said previous velocity
vector being an earlier iterative stor¥8 sanple of a velocity vect
15 suppl enent i ndard frequency offset generation W t
differential vel ocj ecty®s said standard frequency of fset
provi di ng adequat i ng of non-erratic Doppl er frequenc
generating said fr of fset using said standard 20 frequen
generation and said di rential velocity vect or.

method as recited in claim1, wherein said suppl enent i ng
the steps of: 25 when said differential velocity vect
standard tracking thres suppl enenti ng standard
generation with said diiferenti al vel ocity vector
frequency offset generat\ on provi di ng adequat e
Doppl er 30 frequency s 3. The
2, wherein said
t hreshol d. 35
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- 16A- - 10. In a comunication system/having a plurality of

col Jocat ed portable communication units in notion and having a dynam c
velocity vector, a nethod for tracking and conpensati ng Doppl er frequency
shift in a comunication |ink enploying a frequency offset for Doppler

conpensation, said nethod conprising the steps of: measuring a
present velocity vector of said plurality2j2 collocated portable
comuni cation units; . calculating a differential velocity vector

bet ween said present velocity vector and a previous velocity vector, said
previ ous velocity vector being an earlier iterative stored sanple of a

vel ocity vector; when said differential velocity vector exceeds a
standard tracking threshol d, supplenenting standard frequency offset
generation with said differential velocity vector, said standard frequency
of fset generation providing adequate tracking O non-erratic Doppl er
frequency shift; and L generating said frequency offset using said
standard frequency offset generation and said differential velocity vector.
11. The nethod as recited in claim10, further conprising the steps of:
partitioning said plurality of collocated portable connunlcatlon units into
a first portion having a first Doppl er freguens eeQnd portion

having a second Doppl er frequency shiftf QW FREQUENG)YIeOEF%Ta first

differential velocity vector for use by “weis 8 od
plurality of coll ocafed—Tportatte—Ttommm 5 N, and a second
frequency offset usipg said standard frequd Latijon and said
differential velocitly vector for use by sai %@é i f)gﬁg o) O 1
plurality of collocaled portable comunica U 12. The
method as recited infclaim1l, wherein said measurinp step conprises the

step of: enpf oyi ng a gl obal pogrti i on of
said present velocitly vector. 1QALCULATR DERFERENTITALd i o<l ai m
11, wherein said neafuring step conprides t MEOGETH : VECTOR e ?’q
conventlonal aircraff avionics for generatTomof—sarpproscit v city

vector.

415
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FIG. 3



HftoldSla~6

g '
REPLACENENT SHEET _ 16805 “oPgt
he din claim11ll, wherein said supplenenting step
furt her HMHM&“H“E(" IEp of : enpl oying Kalman filtering for said
standard Trequéncy offset generation. 15. The nethod as recited

in claim11l, wherein said suppl ementing stiéd-further conprises the step of:

enpl oyi ng |terat|wa ”ﬁ'&%&hﬁﬁmﬁ%ﬁfx@ E%Pifavﬁg‘@ﬁlh&ﬁ ty SIROUSARM ftfaﬁét errors
of said Doppl er co(r:’ar%ensatlon fr aﬁéd st gndar,d frequency of

gener at i on. COMMURNICALOR ynils m@‘?ﬂ?ﬁﬁﬂ Ing 8 y%%?@ VeCtohc i ng and
conpensat i ngnahwfdrctraaaﬁ buid conipegisiging Dopplef frequeney stafriiui cation i nk

Vari ati ons. oy ok biey e RERsSyAREFIOL LOPYR eaiobd ot i ng.

a base comnﬂaldmeﬂlodlcompmSMg)ﬂlesmpw atively establishing and comuni cati ng
over said conmmunig, hﬁﬁ%ggsgerﬁtqélg?g,mwompsg@@my ofcRfidipgcat i on unit in

notion for rreasurlng ty vecto lculating a differential
vel ocity vediosieblecomaumicationugisesent vel ocity vector and a previous

vel ocity vector, Micilatingadifiirédtil dditgvesttl Bbivesh saRIGire&enVeiRagls a st andard
tracking thres ol d Ie nt.in tand rd fre ncy offset generation with
S i £t ef IR R PEY %@%?“%M@FEH‘&%%‘W&&EF% &1 set
generation mnnarlﬁugra&vbmﬂeamplaof(amﬂo@@merrat ic Doppl er frequency

of tset gonerat: o R Tk Gy el f‘%%.ﬁ%y dpdpadlor © 1rogueney,

communi cati dhmb@dmwabma@gm@dm Sebmﬁ@hnnwhdalﬂor t abl e

communi cat i Qﬁffﬂl@hﬁalf‘)éf&ﬁf 'ire&&”l%ﬁd Stadard ﬁequency é’ffé&?één%fa%h ng generator for

measuring said pr esent vel Olccm y.vector of all
providing adequate trac Of non-erratic Doppler frequency shift; and

generating said frequency offset using said standard frequency offset

generation and said differential velocity vector.

11.  The method as recited in claim 10, further comprising the steps of:
partitioning said plurality of collocated portable communication units
into a first portion having a first Doppler frequency shift and a second
pomon having a second Doppler frequency shift; and
generating a first frequency offset using said standard frequency offset
generation and said differential velocity vector for use by said first
portion of said plurality of collocated portable communication units, and
a second frequency offset using said standard frequency offset generation
and said differential velocity vector for use by said second portion of
said plurality of collocated portable communication units.

12.  The method as recited in claim 11, wherein said measuring step_
comprises the step of:

employing a global positioning system for generation of said present
velocity vector.

13.  The method as recited in claim 11, wherein said measuring step
comprises the step of:

employing conventional aircraft avionics for generation of said present
velocity vector.
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port abl ystem by enpl oying a gl obal positioning systemfor

generatﬂm“m‘mgmgﬂﬂm nt velocity vector. 18. The
onmuni cationisystesm ae recited in claim16, wherein said portable

conmmuni cation unit further conprises: a positioning generator for

nmeasuring said present velocity vect or-16B-sai d portabl e conmmuni cation

system by enpl oyypg C?Hé’ﬁi%iﬂoﬁ'&é‘}ecﬁéd ff il AY WiBlefisal PupPRARAARS &8 O sai d

present vel ocity vecto
-16C furth, gcomprmnsaﬂ@(smm cation systemas recited in claim 16,

wherein said poréﬁbiﬁu@mﬁﬁhﬁﬁéﬂmw%&sﬁﬂd&@%qﬁéﬂﬁ?bff&? eneration, @ Kal man
filter for generating said frequency offset when'said difrerential velocity

vect or exceeds said standard tracking threshold by supplenmenting said
standard frequent§. of Theinegodas sdcitedinvdldim Flgntherdirl Said euppletdenting step t y

vect or. e, co nication systemas recited in clalm16,
wher ei n sai W&%@‘ﬁ%ﬁﬁﬁﬁﬁeé% unit further conprises: a neans for
enpl oying iterat emplwmn@mtﬂsmmim&edbacbdsm@gmmﬁﬁsdm cation
unit using Hﬂgyﬂ!oﬁi’éeh hlﬁlakq saddd psm ssi on feedback
denot i ng frggé&gdn%y fset e%rﬁgrs salt%ld&&ﬁ%iei‘@oérfg%nsat ilon fromsaid

st andar d fr&}@éﬁﬂ?}l of f set generati on. A portabl e
comuni cation unit in notion and exhibiting dynam c variations in a present

vel ocity vector cee st andard freguency. of fset generatiop,  said
st andar d frequen% g%‘é’tg‘“ﬁ PSEER %ﬂ ‘g fqn,gg ‘F\BOBWIC
non-errati cﬁapmbpsmﬂmqumnmhmdﬁhnmmomgaﬁblluemyuffsmifmat i on unit for
tracking an
conmuni catlon“ é f‘ﬂ% oy| ng C%Wr‘eac%}ggﬁlé@ oHset ﬁ#ﬁi{ %b er corrpensatlon
Corrpr| Si ng: communication system, compnsmg
a base communication unit for cooperatively establishing and communicating
over said communication link; and

a portable communication unit in motion for measuring a present velocity
vector, calculating a differential velocity vector between said present
velocity vector and a previous velocity vector, when said differential
velocity vector exceeds a standard tracking threshold, supplementing
standard frequency offset generation with said differential velocity
vector, said standard frequency offset generation providing adequate
tracking of non-erratic Doppler frequency shift, and generaﬁng said
frequency offset using said standard frequency offset generation and said
differential velocity vector.

17.  The communication system as recited in claim 16, wherein said portable
communication unit further comprises:

a positioning generator for measuring said present velocity vector of said
portable communication system by employing a global positioning system for
generation of said present velocity vector.

18.  The communication system as recited in claim 16, wherein said portable
communication unit further comprises:

a positioning generator for measuring said present velocity vector of said
portable communication system by employing conventional aircraft avionics
for generation of said present velocity vector.
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a transceiver for conmunicating over said conmmunication |ink using said
freq mmmg"!mﬂl'lmn at ed froma differential velocity vector; a
posi t for neasuring a present velocity vector of said
por t abl e ‘cohmuhi ciati*on unit; a controller coupled to said
transceiver and coupled to said positioﬂﬁﬁg generator for cal cul ating said

differential vel ofgty YEEEMhm &%ﬁ@ fReFRiclf 18CH B %ﬁidﬁj’o
eing a

previous vel ocity vector sa| previ us ve ocity vectof |er
iterative stM“@ﬁ%ﬁﬂﬂémH wewam vector; and a transni SSI on

paraneter predi Ct@Kaﬁ%ﬁﬂ%ﬂféngeﬁé‘hﬁh fréddeﬁéy dffiet @Rétdand | N said

frequency of said different.i ocCi.t, 22

The port abl edi ﬁﬁ’ H%W%C%Fﬂéa‘?%wﬂa%%{eﬁﬁ%mereu n said

posi tioni ng g@pbt@hﬁhgﬁi@b@thrﬁﬁgd@b@oﬁﬁsﬁﬁgﬂemmngwﬂmtdem for generation of
sai d vel oCit ¥:ed/
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23. The portabl e communication unit as recited in claim 21, wherein said

posi tioning genergyor ?H@é&ﬁ%uﬁ@ﬁbﬁ%&ét&ﬁ%r&it&&ﬁ&ﬁ&nﬂﬂ Gk daftf bagéner ation

of said present vel oplt vect or . 24. The portabl e conmuni cati on
unit as reci ComMpRiCation; YRitfYrthef OMBLISSS:sai d t r ansni ssi on par amet er predi ctor

further compri sesa mekd foremployingitefative gRBRTSIGN Tedbatictolsaidponasly Of f set .
communication unit using said communication link, said iterative
transmission feedback denoting frequency offset errors of said Doppler
compensation from said standard frequency offset generation.

21. A portable communication unit in motion and exhibiting dynamic
variations in a present velocity vector exceeding standard frequency
offset generation, said standard frequency offset generation providing
adequate tracking of non-etratic Doppler frequency shift, said portable

~ communication unit for tracking and compensating erratic Doppler frequency

shift in a communication link employing a frequency offset for Doppler
compensation, comprising:

a transceiver for communicating over said communication link using said
frequency offset generated from a differential velocity vector;

a-positioning generator for measuring a present velocity vector of said
portable communication unit;

a controller coupled to said transceiver and coupled to said positioning
generator for calculating said differential velocity vector between said
present velocity vector and a previous velocity vector, said previous
velocity vector being an earlier iterative stored sample of a velocity
vector; and

a transmission parameter predictor coupled to said controller for
generating said frequency offset using said differential velocity vector.

22.  The portable communication unit as recited in claim 21, wherein said
positioning generator employs a global positioning system for generation
of said velocity vector.
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23.  The portable communication unit as recited in claim 21, wherein said
positioning generator employs conventional aircraft avionics for
generation of said present velocity vector.

24. The portable communication unit as recited in claim 21, wherein said
transmission parameter predictor further comprises a Kalman filter for
generating said frequency offset.
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