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ADAPTI'VE COVMUNI CATION I N THE HF BAND The i nvention rel at veld of
radi ocomruni cations in the HF 5 (H gh Frequency) frequen#ﬁﬁ‘ﬂlmmmmumn
se o
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ranges from3 MHz to 30 MHz. The invention relates nore preci
increasing the bit rate for such co ni cations. - -—HF

an out-of-line-of-sight capability that nakes it possible 10 to carry out
comuni cations at | ong or even very long distance without requiring a
satellite to relay the transm ssion. The radi o waves of which the
frequency is_in the HE band. also called decanetric_waves with reference to

their waveMETHOD ANRISYST Bl QE APABTIVE COMMIENIGATION IN TkE HF cquent | v

propagated according to two al terng}]'w 15 nodes. In a first

propagati on node, called the ionospheric node, the HF radi o waves sustain a

reflection on the various layers of the ionosphere. Since these |ayers are

not stable over tine or se consi derabl e vari a%'gons of the
r

ir| spacet tgeé c€u

propagati on chBARNBVERiAN: Felatassios the, Seldh T raiecomAWNiRateas dnJher Hauct i on of
t he avai ' AR Whi ' i ed in an
ionos\éhekﬁ@h?o%ghféa{)ﬁﬂesqqéﬁgy ted i\h/hl{cgrrr%rfgg%%:fﬂgbg?ﬁ\gﬁﬁygs rogwg%?g{g%on bi t
rate. | nirventioondelptespaygatel qurenisdly, toalinardasihg $he f bit erateddor tsushHF radi o
waves are propagated as ground waves. The maxi mum propagati on di stance 25
t hen dep@ﬂg’é“ﬂ?'g%fq'}?'on the conposition of the land surface over the path
between the transmtter and the receiver. Specifically, a very conductive

surface, such as salt water for exanple, provides a much greater range than
HF links provide an out-of-line-of-sight capability that makes it possible

10 to carry out communications at long or even very long distance without
requiring a satellite to relay the transmission.

The radio waves of which the frequency is in the HF band, also called
decametric waves with reference to their wavelength which is between 10
and 100 meters, are most frequently propagated according to two alternative

15 modes.

in a first propagation mode, called the ionospheric mode, the HF radio
waves sustain a reflection on the various layers of the ionosphere. Since
these layers are not stable over time or in space, they cause considerabie
variations of the propagation channel which causes instabilities and hence a

20 reduction of the available bit rate. The capability of HF links being propagated
in an ionospheric mode is thus limited in terms of available transmission bit
rate. _

in a second propagation mode, called the surface mode, the HF radio
waves are propagated as ground waves. The maximum propagation distance

25 then depends greatly on the composition of the land surface over the path
between the transmitter and the receiver. Specifically, a very conductive
surface, such as salt water for example, provides a much greater range than
a ground of the rocky type for example. Although the surface types vary
much less over time than the ionospheric layers, the propagation of the HF

30 radio waves in surface mode remains extremely variable from one location to
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a ground of the rocky type for exanple. Al though the surface types vary
much lL'ess over tinme than the ionospheric |ayers, the propagation of the HF
30 radio waves in surface node remains extrenely variable fromone [ocation
to 11111111112112121111111 _*Q00002* anot her on the gl obe. This aspect has
an inpact notably in the case of nobflity of the transmtter or the
receiver. The frequencies available in the HF band are allocated to
the various users by the International Tel ecomrunications Union (I TU. A
channeling 5 that is conventionally used by HF communi cation systens in
ground wave or in _ionospheric wave is of the order of 3 kHz o tuﬁnally

doubl ed 2BRWHEK I, thﬁ@'%uT@?i%ﬁP%d@%ﬁPr'@?ﬂﬁ% nedakyy;ig £ag® Yhe Single
Si de Banﬂ]ogmit);&ﬁge'gggn%nﬁgtgﬂgfiﬂe%cgﬁe}_rrposed by the standards defining the

HF wavef ormns Wi I'mtation inposed by 3 kHz channel i ng poses
t he 10 probl efheffrdquentiesgavaiiableanltbadbibandare albaatedaio the vampusaged f or
an HF transm ssi on. Because the smal | bandw dth t ,also the

linitati 8RS Hﬂdb%dnwnftl'%‘ql ﬁ%@%@m%'ﬁﬂt@ﬁﬁg‘ﬂ“%_n(rgﬁinﬁeizh%?nqq'ﬂgsur face
wave, ot e, Riid c5RetioRSIN B¥EE b HP b GRS AP B AKINIBA Yryun@ Wkl bi t s per
second. As an exanple, ‘the typical maxi mum value of the current standards
i s 9600 I ionoppheribwave imdf ther oglek iaf 3dtHphaplinmally oubiad P kiHzatlhens

requirin ter_resource sugh I la: Y] jcati
RN T PN s T 3 A B S
i nsuf fi CcRAAReling is imposd®bg &ve BlantBAlS défihieg e HARSveAbings.ated to one and
the sane user are not usua Iétcontlguous and are spread throughout the

whol e HF bandThe hardridithdinitation impesash byr édiiznepapneling poses the
compl Ui ngAen BhumUBEmS Baad B TARE that e e BiSabied BLF L
parti cul aahgmifsioTBethced | sfnsheé nsrmalhdsgridevidity, nmete alsdb Ahd niimitatioisut i on f or
tackling irEdhueceidng)E ?hbei liointoisgﬁeﬁé ptrggaggﬁio%rc?ﬁa%%%ﬁ io(r)ri]n surface wave, the bit
rates achieved do not exceed approximately ten kilobits per second. As an
example, the typical maximum value of the current standards is 9600 bits per
15 second for 3 kHz of bandwidth. For applications requiring greater resources,
such as Internet or videophone applications for example, the payload bit rate
proposed by the existing HF waveforms is insufficient.
Moreover, the frequency bands allocated to one and the same user
are not usually contiguous and are spread throughout the whole HF band
20 according to an imposed frequency plan.
It therefore becomes a problem to increase the payload bit rate while
complying with the specific constraints of HF communications and particularly

HF communications in ionospheric mode.

25 A known solution for tackling the instabilities of the HF propagation
channel consists in carrying out an automatic search for an available
frequency amongst those allocated to the user. This procedure is carried out
initially or after communication breakdown of a link, but does not make it
possible to take account subtly and dynamically of the temporal evolution of

30 availability of the medium.



channel consists in carrying out an autonmatic search for an avail abl e

f requency anongst those allocated to the user. This procedure is carried
out initially or after conmunication breakdown of a |ink, but does not nake
it possible to take account subtly and dynam cally of the tenporal

evol ution of 30 availability of the $edium 3 | ncreasing the
payload bit rate is conventionally envisaged according to two nethods. A
first isoband solution consists in retaining the inposed channeling and in
i ncreasing the spectral efficiency of the nodul ati on and/or the efficiency
of the correction coding protecting the comunication against 5 the
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t he rangeharbiihgeand ipbinbidadsing te §sdonall iefiviemty off thehodiatiomiandioron. A

second solution consists in increasing the channeling width %tB/ale t aki ng
account Hte efficieagy £fdhe corresian soding Rralesting e sreMimicatiap R#facks.
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t he payl oa erriore, the contiguous channels are nost frequently
not those tha# sacend reolutest cphgistcdn inergiasiig the \chanoeling wdthattvect ed by

t he disruptions alread ntianed that are associ d with the ignospheric
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physical ly available and that would make it possible to obtain the
envi sagedegriversais ipcreasgdenith theiiorgase inolieapayerd freauancipand.eh@r t he
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di stributed throughout the whole of the HF band so as to be abl ﬁ}?‘t:o make
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the equi pERbtions BfesdiPhRftioREd that ArdvaiRboRiied WithtRE SbisphariBRafad for
adaptive co nicatrons 1n an HF frequency band, characterized in that it
conpr s eSpecificadiyt sinhe thel Hbwhadium dpstuates greatly, it is not very likely to
have a large number of contiguous channels that are physically available and
that would make it possible to obtain the envisaged payload bit rates. Finally,
from a legal point of view, the frequency bands allocated to a user by the ITU
cannot be easily modified to exploit several contiguous bands. On the
25 contrary, the allocated frequency plan most frequently corresponds to a set of
frequencies distributed throughout the whole of the HF band so as to be able
to make the transmissions secure by the application of methods of
frequency-hopping or of limiting the probability of using a frequency that
might be disrupted. |
30



o the determ nation of a payload subband S that is available for a

transmi ssion in the HF band, depending on at |east one of the 10foll ow ng
two criteria: the nunber of frequencies allocated to the user included in
t he payl oad subband S according to said frequency allocation plan,

t he physical availability of the payﬂoad subband S eval uated 15as a.
function of a prediction of the interference induced on the signal by the
reflections on the ionospheric |ayers. the selection in the payl oad
subband S of a set of n frequency channels of identical width according to
a frequency allocation plan 20and the quality of the Iink of each of said
channel s, t h#n erdenite sayeube aferemaniioned ligrtatinas of thekuame polttigRtel s of a

I e Y Y

est i mat egagloalefrsduaiityt lhddoagthsutoéxplbiting addreigliogs Thaandistaaswithbile
measur enment of the power of the received signal, in the absence of
communi c&tdndficantly ircreasing doe epeplexityaidne egHIPAI®MEd i n t he payl oad subband

S, 5 Thteh%uB{etcf '§u¥H§Qn%nt%nq5@lth%yefﬁr%orae rﬁ&hsac%rpgﬂéﬁi\g frequency
channél s 30as a functron o he conpari son of said power with one or nore
pr edet er gbhadunibaskeizindsn Hiafrdquersdy bandieshrazasterigedvint that litecomprisssse i n
power, the selection of the n channels having the highest quality scores.
In one vatieastt @WMAhSIERE: t he i nvention, the sel ection of said set of n
5 frequency chanpel §.4 ’ A IR i core of a
sel ected changl fﬁ%sa%fgrpgﬁglgb% er{dr@riéeg??rg“ emég{m’r}gﬂ??btfﬁg a'rsnet hod
accordi ng to thetransraissiooniratie Hfomands etependingobhosli legst ese eft He

determ ning the nmber of frequency channels for which the quality 10of the
link 1% greater FO:[#QW"%Q M%Frﬁﬁﬂ?t hreshol d required for a

= the number of frequencies allocated to the user included in
the payload subband S according to said frequency
allocation plan,
= the physical availability of the payload subband S evaluated
15 ~asa function of a prediction of the interference induced on

the signal by the reflections on the ionospheric layers.

o the selection in the payload subband S of a set of n frequency
channels of identical width according to a frequency allocation plan
20 and the quality of the link of each of said channels,
o the simultaneous transmission on the n frequency channels of a
signal complying with an HF waveform.
In one variant embodiment of the invention, the quality of the link of
each of said channels is estimated at least on the basis of the following
25 substeps:
o the measurement of the power of the received signal, in the
absence of communication, in each frequency channel contained
in the payload subband S,
o the attribution of a quality score to each of said frequency channels

30 as a function of the comparison of said power with one or more



transm ssion to be possible on these channels, if said nunber is |less than
t he nunber n of channels required for the transm ssion, determ ning another
avai |l abl e payl oad subband S. 151 n one vari ant enbodi nent of the invention,
the quality of the link of each of said channels is estinmated also with the
aid of a neasurenent of the average'ﬁower of the received signal over a
period of elapsed tine. In one variant enbodi nent of the invention, the
wi dth of a frequency channel is equal to 3 kHz. 20A further subject of the
i nvention is an HF band conmuni cati on system conprising at | east one HF
transmtter and one HF receiver adapted to transmt and receive an HF

wavef or m si gnal ,prefietesminad zibdesholdhatsaid guality HHaceeasiNgr Wbnpheses neans

for determning. band S that is available for a transm ssion in
t he HF band, andﬁ?%%%ir?gg@#gcti ng, in the payload subband S, a set of n

frequency chaanehs sefedtidansfite@h ohiafihblsaesinglinechigbest duatitusoeeys.al | ocat i on
plan and the quality of the Iink of each of said channels and transmtting
to sai d HF lprensswatiantrershodimest obthe,inventien cher selectioneg! e $SELEN o said HF

hanadh L EAySREPCRBRRSSE g SRR  ibbn e lippLsshot o pveney
si gnal ceefelctedchanindhisaegratiBdwavef orm o said communi cation system al so
»f ﬁgp ,r Ims,leg»? i @ﬁ&—ﬁ‘es vfa(r)igmtu Zlmrf)%dmgnt?qr?g tnl"lgt%ogO%?éiﬁattbotﬂenﬁwr?tgonag 50 ding to
comprises the following test step:
o determining the number of frequency channels for which the quality
10 of the link is greater than a minimum threshold required for a
transmission to be possible on these channels,
o if said number is less than the number n of channels required for
the transmission, determining another available payload
subband S.

15 In one variant embodiment of the invention, the quality of the link of each
of said channels is estimated also with the aid of a measurement of the
average power of the received signal over a period of elapsed time.

In one variant embodiment of the invention, the width of a frequency
channel is equal to 3 kHz.

20 A further subject of the invention is an HF band communication system
comprising at least one HF transmitter and one HF receiver adapted to
transmit and receive an HF waveform signal, characterized in that:

o said HF receiver comprises means for determining a payload
subband S that is available for a transmission in the HF band, and

25 for selecting, in the payload subband S, a set of n frequency

channels of identical width according to a frequency aliocation plan
and the quality of the link of each of said channels and transmitting
to said HF transmitter said set of n selected frequency channels,

- o said HF transmitter comprises means for receiving a set of n

30 selected frequency channels and simultaneously transmitting over -



5 O her features and advantages of the invention will becone apparent
w-th tthe aid of the follow ng description nade with respect to the appended
drawi ngs whi ch represent: - figure 1, an illustration of the
principle of use of noncontiguous 10 channels according to the invention,

-~ figure 2, an illustration of the u8e of the nethod according to the

I nventi on, - - figure 3, a flowhart describing the steps of applying
the method according to the invention, 15- figure 4, a diagramof a HF band
conmuni cation system according to the invention. Figure 1 represents an
exanpl e of exploitation of the HF frequency spectrum according to the

i nvention. |n ortbernt fregnenaasehamelsvai sigbale comMyinawwithn sait iHence t he

payl oad bit rate, the invention consists in dynamcally selecting a set of
frequency bands V&%ceg?r

i'ng to the quality, at a given nonent, of the

transm ssion gn ddieeenimesivaiary sheteds alsbheoraptisingadebasdsr asiagrthe
necessarily contiguous but taken fromall the frerqtuenci es allocated to the

user. Certain fr M@ FopHndRIcatign methad gcerrdingdethe investions ot her servi ces
and are therefore excluded fromthe selection. Figure 1 represents the
frequency spectrumin the HF band. The frequency bands

Other features and advantages of the invention will become apparent

with the aid of the following description made with respect to the appended
drawings which represent:
- figure 1, an illustration of the principle of use of noncontiguous
10 channels according to the invention,
- figure 2, an illustration of the use of the method according to the
invention,
- figure 3, a flowchart describing the steps of applying the method
according to the invention,
15 - figure 4, a diagram of a HF band communication system according to

the invention.

Figure 1 represents an example of exploitation of the HF frequency

spectrum according to the invention. In order to increase the available

20 bandwidth and hence the payload bit rate, the invention consists in
dynamically selecting a set of frequency bands according to the quality, at a
given moment, of the transmission on these frequency bands. The selected
bands are not necessarily contiguous but taken from all the frequencies
allocated to the user. Certain frequency bands may equally be reserved for

25 other services and are therefore excluded from the selection. Figure 1
represents the frequency spectrum in the HF band. The frequency bands
101,102,103,104,105, of identical widths equal to 3 kHz are selected at a
given moment for the transmission. The frequency bands 111,112 are not
exploited because the estimated quality of transmission on the latter does not

30 make it possible to achieve an optimum bit rate. In the example of figure 1,

the frequency band allocated to the HF communication is increased from



101, 102, 103, 104, 105, of identical widths equal to 3 kHz are selected at a
given. ‘nonent for the transm ssion. The frequency bands 111,112 are not
~expl oited because the estimated quality of transmi ssion on the |latter does
not 30 nmake it possible to achieve an optinumbit rate. In the exanple of
figure 1, the frequency band all ocatéd to the HF communication is increased
from 7 3 kHz to 15 kHz, the transm ssion being carried out in parallel on
all the sel ected frequenci es. The net hod according to the invention,
the object of which is to increase the bandwi dth available for the HF
transm ssion, conprises notably 5 the following steps. Initially, a
subporti 9kHg tof 16hdizrhe r sansmisgiopabeingscamigdeput imeataligt pnosll ttﬁ?s subband
Sis anultiple of the channeling of an HF transm ssion. Preferably, the
channeliﬁﬂeF@djﬁi’éﬂen{:@SB kHz and the width of the subband Sis therefore a

mul tiple of 3Tkézmefiod betalding db hthef inveatismbliandbfedt sofl ivmidheds ¢0 as not to
make the equi pment nmore conplex, in particular the 10 vvaye-shagi ng filters,
the t r aniwreaseohedandwidisy avaigblentor dhe &ifh HapsmissPrucompiisgsttab¥cept i on
-equal ize - ,ng, r @i liexity and

i ncredsi E\hg? f‘ﬁrgvg?#%?ﬁqggﬁlg%’stgs?@%ﬁﬂg&?np@e@%} ﬁ%ﬁg%‘g?ﬁ% ggggblgand wth a
wi dt h of cRO$erk Hhe Width sfitiisusdbisand Sdefd meudtipbe of tee taarirelio§ gflaanidFng

elenments, that is t ay, according to the freque 15 nds.all qcated t
t he user irapﬁm‘%rﬁ'@?e%ﬁ'& rﬁﬁ)ﬁbﬂ&”%‘%‘&e%ﬁﬁaiﬂﬁézrﬂ}ﬁﬁ{ﬁﬁ”@kfﬁequgnci gs
al | ocat eghd 8 5lhdUS X theFdBr& AGhGIBpleSofal RIAZ MRS tABIORINEN BBtheCsUbBRAKCE | ons

concerning the quality of transm ssion based on nodels of the ionospheric
| ayers a$ ia limitext soasavot thenakentheagqilipment meqe ceoipleXtie parimdry themy be
determ ned, for exa

or cal 1 Agverbamspaae: O bproRibe aflpileR Ahb B e RHATIAY

i onospherdng {HY s&eptiehn egGaliZee. IFoeVE kBief ENEvireelingO YBodOAEMBromlset hr ough an
anal ysis of the ionosphere by a three-dinensi onal tonography nethod.

Wien t he betweem cosiplexitie Bndeiicraasingnthe dut sdteoransistst 6ok rEammleanty on

consi sts gsecondly i el ecti 20N o] I e channel s
25 avai | &0P8S'H %ﬁggg%ban?ﬁ‘ﬁth %%'%e nuﬁ%‘éﬁzh&@%g aaés |§’8}eﬂh%cg itogin of the
bandwi dt hhé neaseRase piaming eddentsdithaictd 1o eby taweopding dadthei freqaerecyt hat i s
desi red. Fi g%ir:e 2 illustrates an exenpl abre/ enfpodi nent of sel ection
of th# n bemdarllosated-tr dheiyisep Fok exaMplf.thg. subband S must contain a

maximum of frequencies allocated to the user. The choice is also made
according to predictions concerning the quality of transmission based on
models of the ionospheric layers as a function of the time and the frequency.
These models may be determined, for example, with the aid of a software
20 program for predicting the propagation of the HF waves and for analyzing the
ionospheric layers such as the known software program VOACAP, or through

an analysis of the ionosphere by a three-dimensional tomography method.
When the subband S is defined, the method according to the invention
consists secondly in selecting a number n of channels from all the channels
25 available in the subband S. The number n is fixed as a function of the

bandwidth increase factor and indirectly of the payload bit rate that is desired.

Figure 2 illustrates an exemplary embodiment of selection of the n
channels according to the invention.
30 First of all, an analysis of the spectrum of the subband S is carried out.

The power of the signal received throughout the subband S is measured, in



30First of all, an analysis of the spectrumof the subband S is carried
out. The power of the signal received throughout the subband S is neasured,
in 8 the absence of transm ssion, channel by channel, in order to
determne a quality score for the trgnsnission i n each channel. This
measurenent is taken by the receiver®with an anal og-to-digital converter
with a dynam c range of 200 and a saturation value of 201 that are known.
5In a variant enbodi ment of the invention, the quality score of the

transm ssion may al so take account of an average power val ue of the signal
during a past period of tinme. This average power can be used only if its

measur entgt absencgk eh tranemissigfnrshannel by feanngl, {hPedert tiedetesmiNg 3si on and

receptio [ 1] €;,\W t:ﬁﬁ? V, 10

measur e Lﬁ@wg%ctotrﬁgﬁlr ;ﬂrs]?atni ane%ﬁghp'(r)‘&%a?)f @egibgﬁgl ﬁga%lqrr%eraﬁ a I%

condi t i otakeneby thendiceivenswitihadn @nalcg-ta-digitaf converter gitbgaagyriamiooi nt  of

vi ew and the ionospheric point of vie For exgg@vﬁ measur enent s taken
ak

during t FRNGEQF 2 band afeturgtor ¥ &r‘g@ 4 that BEhER en at night.
Speci i cal 1y, 1 e LadSl eRophichd% bPRS ARGERIGH, P ARy cofd Wit et ch may

cause fluctuations on 1% the average power of the signal. _ I n anot her
vari ant tabsuiission may alse takesaceaunt of Encavarage momentvaife ohie sigpaint aneous

power of .the signal is weighted preferential allpcatiaons to.various
servi ces dUREY %i&ﬁl}lp&”ogfoﬁmeu;ﬁ# RYS 49 HRERE &S g‘?turﬁegiuﬁgléf E3%cifically
to it angQldiesMehisSBRERGVRE GeSSriod bf kifnePRIFSVBLR the tINémisibRTEndy to 20

the use of the frequencies allocated specifically to it. Once the
t ransni ssecaptignal ¢anditiansr ealen eepamEienith sthosearpbsaned dor | &8st one

ol AR Lo SRR aPeo s i b SERRE, Shrpbatggeeson
avai | abl gondifioRs #edart €ondityiey tlat bbs ephitirdron? @Re 2e8graphidpoiatef sieged in
order 25 to define quality scores that increase as a function of the
i nt er f er @gdhsiignegpheric point of view. For example, measurements taken during
the day should not be compared with others taken at night. Specifically, the
layer D of the ionosphere dissipates at night which may cause fluctuations on
15 the average power of the signal.

In another variant embodiment of the inventidn, the measurement of
the instantaneous power of the signal is weighted by preferential allocations
to various services. For example, if the user has frequencies attributed
specifically to it and others in shared access, it is possible to give priority to

20 the use of the frequencies allocated specifically to it.

Once the transmission quality score in each channel is established, at
least one threshold 202,203 of comparison with this quality score is fixed
beyond which the channel is considered to be disrupted and therefore not
available. In practice, several thresholds 202,203 may be envisaged in order

25 to define quality scores that increase as a function of the interference-signal
power measured in the frequency channel. In the example of figure 2, two
thresholds 202,203 are fixed. The threshold 203 corresponds to the
maximum power of interference signals that can be supported for the quality

of the payload communication to be good. The threshold 202 corresponds to

30 an average quality with a communication signal partly affected by the

disruptions of the ionosphere. When the measured power exceeds the



power neasured in the frequency channel. In the exanple of figure 2, two

t hreshol ds 202, 203 are fixed. The threshold 203 corresponds to the maxi num
power of interference signals that can be supported for the quality of the
payl oad comruni cation to be good. Ths t hreshol d 202 corresponds to 30 an
‘average quality with a comuni cation¥signal partly affected by the

di sruptions of the ionosphere. Wien the neasured power exceeds the 9
threshol d 203, the correspondi ng channel is affected too mich by the

i nterference noise, notably associated with the reflections of other

signals on the ionosphere |ayers, to, be usabl Wien the anpal ysis of the
spect r unihreshald r 2@3 Q%WGSRPPS'B‘Q chanp af%é?@c?dofto? HBYSb yntbes a

quality pig&ehse Holdd, Aeialy bBsCAGRASHAIBN refldifbht f ethdsidridls ggnt ral
frequency. In € exanple o Igure 2, two thresholds are uSed involving
t hr ee sctirecionoéphereragasny bpiasablg. B, A and G Then, at a nonent t1, the

channel s 211,212,213,214 are_selected so as tq increase the bandw dth by a
factor of foulV"SFhEEA )éﬁ\?l@f%%?%ecgm%c%ff'eaé’éggoraéﬁ%ft&"ﬁr’?@?f‘aﬁlsof their
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221, 222, te Xepwal dregusatyclnethe exampleyvhlifigure $cdwe Bireshddpaeeiusg@d channel s
i s degraded, . The br gadband. r ecei.ve ccor di to t N tion
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channel hRadRahfels 201101 02 31214 e Weistiéd @0 £ to' PerRiseohessaifividithi ty, the
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user. At another moment tp, dynamically, other channels 221,222,223,224
are selected if the quality score of the previous channels is degraded.
The broadband receiver according to the invention instantaneously
digitizes all of the subband S. If a particularly disrupted channel leads to too
15 great a degradation of reception sensitivity, the receiver according to the

invention can be made to search for a new subband S.

Figure 3 shows a flowchart containing the steps for applying the

method according to the invention at a given moment t. In a first step 310, the

20 payload subband S is chosen in the band of HF frequencies from at least the
frequency allocation plan 301 of the user and from predictions 302 of the
transmission quality in the various frequency channels of the HF band. In a
second step 311, an evaluation of the channels, with a given spectral width
equal, for example, to 3 kHz, is carried out in order to determine whether they

25 can support a communication. A quality score is attributed to each channel of
the payload subband S. In a third step 312, a test is carried out on the
number of channels that can support a communication. Practically, the
channels for which the quality score is below a minimum threshold are
eliminated from the method because they do not have the minimum

30 availability required for the transmission of a communication. If the number of

channels selected is less than the minimum number of channels n_min



20 payl oad subband S is chosen in the band of HF frequencies fromat | east
the frequency allocation plan 301 of the user and from predictions 302 of
the transmi ssion quality in the various frequency channels of the HF band.
In a second step 311, an evaluation gf the channels, with a given spectral
‘Wi dth equal, for exanple, to 3 kkt,1i carried out in order to determ ne
whet her they 25 can support a communi cation. A quality score is attributed
to each channel of the payload subband S. In a third step 312, a test is
carried out on the nunber of channels that can support a comruni cati on.

Practically, the channels for which the quality score is bel ow a m ni num
t hr eshol @aaireddpr fhe eagmission. the ’Hﬁm‘i’@d%é'ér@édéét?ﬁé%ﬂ Gatp ﬁ'&q B t he
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comuni cat1on may al sane be 5 established in a degraded node. The
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In a fourth step 313, a number n of channels is selected as a function

at least of the quality score that is attributed to them and of the frequency

10 allocation plan 301. In a fifth step 314, the n channels selected at a moment t

are compared with the n channels selected and stored at an earlier moment

t-1. In a sixth step 315, if at least one channel out of the n channels selected

is modified between the earlier moment t-1 and the subsequent moment t,

the selected n channels are transmitted to the transmitter for a subsequent

15 transmission phase. If the selected n channels have not been modified
between the moments t-1 and t, the method loops to step 311 to evaluate the

channels of the payload subband S.

Figure 4 represents a diagram of a HF communication system

20 according to the invention.
The spectrum analysis and the selection of n channels in the sub-band
S is done by the receiver 402 which transmit, periodically, these information
to the transmitter through a return channel 410. As soon as the emitter 401
receives the information about the n frequency channels which it can use, it
25 transmit simultaneously on all available n channels. The transmitted signal is
a HF waveform signal and is multiplexed over the n channels in order to
permit an increase of the useful rate of a factor n. The emitted power is
concentrated on these n channels and is not spread over the entire sub-band
S. If a change of frequency channels appears, because of a change in the
30 quality note of the used channel, the receiver 402 determines a new available

channel and transmit its central frequency to the emitter 401. Clocks of the



In a fourth step 313, a nunber n of channels is selected as a function at

| east "of the quality score that is attributed to them and of the frequency
10 allocation plan 301. In a fifth step 314, the n channels selected at a
nonment t are conpared with the n channels selected and stored at an earlier
‘monent t-1. In a sixth step 315, i f 1t 1 east one channel out of the n
channel s selected is nodified between the earlier nonent t-1 and the
subsequent nonent t, the selected n channels are transmtted to the
transmtter for a subsequent 15 transm ssion phase. If the selected n
channel s have not been nodified between the nmonents t-1 and t, the nethod
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Figure 4, regpresents a di am.of : eati ording to
the 1 nvelft FBrewiedufadt PR The rsdelbr ST RINeAR i S HO3EEEafic ¢ 10 (he
sub- bandeged tingahe ragtHodeof ssledtiorr o4l Iraguienby thanselstin apsub-bdnd¢d.1y, these
information to the transmtter through a return channel 410. As, soon as the

enmitter 4be ereiter 483 qomprisesdnaaRs R4 astapted Fr receVEgUIBRIPIAMAYABI s whi ch
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channel ssigmabrder to permt an increase of the useful rate of a factor n.
The emtted power is concentrated on these n channels and is not spread
over the entire sub-band S. If a change of frequency channel s appears,

because of a efangSedirhit Hieaiplls Wi ithy QAE&IH of NBeURChAtRINGH . thehe
receiver 402 determ nes a new avail abl e channel and transmt its central
f requencgubbanh& ane carded 40t bydhedkeeiver which transmits periodically these
10 items of information to the transmitter by means of a back channel. When the
transmitter knows the frequencies on which it can transmit, it carries out a
simultaneous transmission on all the available n channels. The transmitted
signal complies with a known HF waveform and is multiplexed on the n
channels in order to allow an increase in the payload bit rate by a factor n.
15 The transmitted power is concentrated on these n channels and is not spread
throughout the whole subband S. When a change of frequency channels
occurs, because of a change in the quality score of a channel that is used,
the receiver determines a new available channel and transmits its central
frequency to the transmitter. The clocks of the transmitter and of the receiver
20 are synchronized in order to switch over in a synchronous manner to the new

frequency plan.

The method and the system according to the invention have the

following advantages. The increase in the bandwidth and in the payload bit

25 rate occurs by taking account of the evolution over time of the physical
availability of each channel subjected to the disruptions mainly associated
with the reflections of signals on the ionosphere layers, to the
communications in adjacent channels, or to the changes associated with a
movement of the transmitter or the receiver communicating in surface wave.

30 The invention allows an increase in the spectral resources while complying

with the frequency allocation plan in the HF band for a given user. The



11 emtter and receiver are synchronized so as to switch in a synchronous
way to the new frequency plan. The receiver 402 contains neans 403 adapted
for executing the nmethod of selection of n frequency channels in a sub-band
S. The emtter 401 conprises neans 3 4 adapted for receiving the ,
‘information 5 specifying the n freq cy channels over which it is possible
to transmt a signal. The spectral analysis and the selection.of the
n channels in the subband S are carried out by the receiver which transmts
periodically these 10 itens of information to the transmtter by neans of a

back channel. When the transmitter kpnows the frequencies op which it can

t ransmi t INVeRtien @lseallows an BCrRASCaRchigsPRYIgad rﬁ”s%t%ﬁ”'m?uél egrgdindvai | abl e n
channel sg T, r b ' i | - waveform and is
mul ti pl e&hgdﬁg\ﬁﬁtﬁgr%ﬁbhﬁﬁ%rzkggﬁe gﬁg}egrallﬁ ?) O%%%gﬁ%rﬁﬂgﬁbr ngée in the payl oad
bit rate by a factor n. 15 The transmtted power is concentrated on these n
channels and is not spread throughout the whol e subband S. When a change of
frequency channel s occurs, because of a change in the quality score of a
channel that is used, the receiver determ nes a new avail abl e channel and
transmts its central frequency to the transmtter. The clocks of the
transmtter and of the receiver 20 are synchronized in order to switch over
in a synchronous manner to the new frequency plan. The nmethod and the
system according to the invention have the foll ow ng advant ages. The
increase in the bandwi dth and in the payload bit 25 rate occurs by taking
account of the evolution over tine of the physical availability of each
channel subjected to the disruptions mainly associated with the reflections
of signals on the ionosphere |ayers, to the comunications in adjacent
channel s, or to the changes associated with a novenent of the transmtter
or the receiver comrunicating in surface wave. 30 The invention allows an
increase in the spectral resources while conplying with the frequency

all ocation plan in the HF band for a given user. The



12 invention also allows an increase in the payload bit rate w thout
degradi ng the range of transm ssion and the probability of establishing the
link. 13 CLAIMS 1. A nethod for adaptive communications in an HF frequency
band, 5characterized in that it conprises at |least the follow ng steps: o
‘the determ nation (310,312) of a paﬂﬁoad subband S that is available for a
transm ssion in the HF band, depending on at |east one of the follow ng two
criteria: the nunber of frequencies allocated to the user included in

10t he payl oad subband S according to said frequency allocation plan, the
physical availability of the payl oad subband S evaluated as a function of a
prediction of the interference induced on the signal by the reflections on
t he ionospheric layers. 15 the s@l_ﬁm\,@n (311, 313, 314, 315) in the payl oad
subband S of a set of n frequency channels of identical width according to
a frequency allocation plan and the quality of the Iink of each of said
channel s, t he sinmultaneous transm ssion on the n frequency

channel s1ofA amethadyfar adamiivei REMAYHCRLIPNSF iNadRf BFmresluengy B@tthod as
of “sard chanpirSezeEithaEh SR LR 1R i RIBUR S8, | "F 1 Cing
subst eps: o the determination (310,312) of a payload subband S that is
available for a transmission in the HF band, depending on at least
one of the following two criteria:
= the number of frequencies allocated to the user included in
10 the payload subband S according to said frequency
allocation plan,
= the physical availability of the payload subband S evaluated
as a function of a prediction of the interference induced on
the signal by the reflections on the ionospheric layers.
15
o the selection (311,313,314,315) in the payload subband S of a set
of n frequency channels of identical width according to a frequency
allocation plan and the quality of the link of each of said channels,
o the simultaneous transmission on the n frequency channels of a

20 signal complying with an HF waveform.

2. The method as claimed in claim 1, characterized in that the quality of the
link of each of said channels is estimated at least on the basis of the
following substeps:

25 o the measurement (311) of the power of the received signal, in the
absence of communication, in each frequency channel contained
in the payload subband S,
o the attribution (311) of a quality score to each of said frequency
channels as a function of the comparison of said power with one or
30 more predetermined thresholds, said quality decreasing with the

increase in power,



250 the neasurenent (311) of the power of the received signal, in the
absence of communication, in each frequency channel contained in the

payl oad subband S, the attribution (311) of a quality score to each of
said frequency channel s as a function of the conparison of
‘'said power with one or 30nore predeﬂérnined thresholds, said quality
decreasing with the increase in power, 14 o the selection (313) of the n
channel s having the highest quality scores. 3. The nethod as clainmed in
one of the preceding clains, characterized in 5that the selection of said
set of n frequency channels is updated periodically or when the quality
score of a sebedheselasiione(3133 adfeanhannelsThavipgt thedhighest QP?MQ in one of
claims 2 or 3, %ha%acterized in that it also conprises the follow ng test
step (312): 100 g8 rm ni ng the nunber of frequency channels for which the
quality of the link is greater than a mnimumthreshold required for a
transm ssion to b%ngSSible on these channel s, oif said ngnber is | ess

t han the3-nJmef|“eH? ag iaImads In @eRiof dke Prpcadieg claimsnlaiasterizg t'8r ni ni ng
ne of ol aitiet 3¢ SGRtTER 50 SoF R A ireueey (HRIRISTE BRASRA [P0 Cach
of said chamniediallg oesthemethedualityosasire lof alseladted channeldadagmadedt of t he
average power of the received signal over a period 20of elapsed tine.
4. The method as claimed in one of claims 2 or 3, characterized in that it
also comprises the following test step (312):
10 o determining the number of frequency channels for which the quality
of the link is greater than a minimum threshold required for a
transmission to be possible on these channels,
o if said number is less than the number n of channels required for
the transmission, determining (310) another available payload
15 subband S.

5. The method as claimed in one of claims 2 to 4, characterized in that the
quality of the link of each of said channels is estimated aiso with the aid of
a measurement of the average power of the received signal over a period

20 of elapsed time.

6. The method as claimed in one of the preceding claims, characterized in

that the width of a frequency channel is equal to 3 kHz.

25 7. An HF band communication system comprising at least one HF
transmitter and one HF receiver adapted to transmit and receive an HF
waveform signal, characterized in that:

o said HF receiver comprises means for determining a payload
subband S that is available for a transmission in the HF band, and

30 for selecting, in the payload subband S, a set of n frequency

channels of identical width according to a frequency allocation plan



6. The nethod as clainmed in one of the preceding clains, characterized in
that fhe width of a frequency channel is equal to 3 kHz. 25 7. An HF band
comuni cati on system conprising at |east one HF transmtter and one HF
recei ver adapted to transmt and receive an HF waveform signal,
‘characterized in that: o said HF red@iver conprises neans for determning a
payl oad subband S that is available for a transm ssion in the HF band, and
30for selecting, in the payload subband S, a set of n frequency channel s of
identical width according to a frequency allocation plan 15 and the
quality of the link of each of said channels, and transnittingﬂto said HF

transmtter sai @nddhesualitysefitbediak of eaghat spidehanialsand rapsmitipg

) . ! 8 o reaPel |
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si gnal conpl ybngaw tHF Steartniifienaoaimrisas mesmisdfororeveivingatd et pfstem al so
conprising neans for using the adaptive co_nmllni cati oq net h?.d as claimed in
multaneously tr t

one of clains 1Sseledated figquency channels and si ansmitting over
5 the n frequency channels a signal complying with said HF
waveform,

o said communication system also comprising means for using the

adaptive communication method as claimed in one of claims 1 to 6.

10



