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Radi o-transm ssi on system and correspondi ng nethod of 5 operation The

invention relates to a radi o-transm ssion systemand a correspondi ng net hod

of operation. 10 Mbdern radi o-network concepts, such as network-centric

war fare concepts, provide information in an appropriate form and w thout

time delay wherever this information i§'required. Comruni cati ons system

suitable for this purpose are already the subject of intensive
evelopnenfal rk. 15 Stringent requirenents are placed on such systens,

i ncl udi ng, W@Qﬁﬁﬁ*e, good nobility, maxi mum possible inter-operability

(for exawpi@teﬁﬁmcmdlh raitént aApplachiebht NS POPRE:P2067AOGPRERNCY Of the
networks (wire- bound/wireless, PSTN, ISDN, LAN, WAN / radi o/directional 20

radi o network, nllltaryIC|V|I|an) universal availability, information
transm SS'QQ?:L&— %tél ‘Mlytshl. [ Sﬁ&” ?égﬁé}ﬁ{i d&@&%&%@“ position
report, position sp ay oe | rfrcation, Sénsor data, inages

from di gidpérataims as, GPS tracking, e- nall, short nessages other 25 IP
services, ad-hoc nobile networking (MANET) and independence from an
infrastructure. The type of conmunication from hi ghly-nobile network

parti ci pante Sedh o aGiAdls WLOUPEadt 8- LRGRERSLOBLY <70 aHiblE!a O

change. The ap I cation "secure speech connection” Is to say, speech
coded and resistrotding netpotdemtli alpeiratépher ence sources, was formerly the
al nost :
10 Modern radio-network concepts, such as network-centric
<:> warfare concepts, provide information in an appropriate form
- . and without time delay wherever this informaticn is
required. Communications system suitable for this purpose
- are already the subject of iht€Hdsive developmental work.’
15 Stringent requirements are placed on such systems,
including, for example, good mobility, maximum-possible
inter~operability (for example, also with civilian
autherities (BOS)), transparency of the networks (wire-
bound/wireless, PSTN, ISDN, LAN, WAN / radio/directional
20 radio network, military/civilian), universal availability,
information transmission in conjunction with

reconnaissance/guidance/effect, nosition report, positicn

display, friend-foe identification, sensor data, images from
digital cameras, GPS tracking, e-mail, short messages, other
25 IP services, ad-hoc mobile networking (MANET) and

independence from an infrastructure.

The type of communication from highly-mobile network
participants, such as tactical troops, is increasingly
30 subject to change. The appllcatlon “secure speech

connection”, that is to say, speech coded and resistant to



exclusive priority. Nowadays, alongside the requirenents of tel ephony, there
is 5 an increasing requirenment for a networking of different comrunication
participants with personal availability. This type of networking requires
inter-operability of the conmunications technol ogies and integration of
networks to form conbined systens. 10 Q For reasons of inter-operability,
the use of Internet protocols, e.g. TG/IP, is required for networking data
comuni cati on beyond the various networks. The radio technology can be
realised in a narrow band, for exanple, 15 with reference to the standard
1.5 M L- STRUHE:- 2y 1B teffies ensea i@NrGespetifi ESTRRELVoWRR PEBOBEOI | evel s
for an intgrs1.,0pafabididy;Qf. tactical radio devices. Tactical radio is
currently based on channels with 25 kHz 20 bandw dth, across which a total
of 16 kbit/s can generally be transmtted with FEC up to 9.6 kbit/s. The

use of C standard Internet. protocols for the realisation of ad-hoc, nobile
net wor ki n ?%ﬁé&ﬁ%’iﬁ%QHQﬁ1@§?$ a&F@u&GﬁWﬁHEEaP?oﬁgieﬁBﬂpﬂfpF V¥ 8e'? rapid
and cost - f gy oLk @l £5 550} Wd PR rdiRweY &hr 35nkRisrkedyi hesqdatarégtes in the
range of Mdit/s and  accordingly .obandwidths in the Mz r They cannot

t her ef or e ®MUEEH3 i Idias Ciramralts Miﬁht@Grﬁénalbaﬁéﬁﬂdgg%gﬁy-oﬁm9525 kHz.
AL e, £ 4 NN 0D q g esbepg 1 the Loct ol
t her ef or e bommohi s tginals bandwicdided car angiubjpneegrbaibheofohbéowbpgsrestri cti ons
form combined systems.
10
(;) For reasons of inter-operability, the use of Internet
- protocols, e.g. TCP/IP, is required for networking data -
communication beyond the various networks. The radio
technology can be Fealised in a narrow band, for example,
IS5 with reference to the standard 1.5 MIL-STD-188-220 B. This

standard specifies the lower protocol levels for an inter-

operability of tactical radio devices.

Tactical radio is currently based on channels with 25 kHz
20 bandwidth, across which a total of 16 kbit/s can generally
be transmitted with FEC up to 9.6 kbit/s. The use of
\ standard Internet protocols for the realisation of ad-hoc
<:> mobile networking (MANET) in military radio communications
would provide a rapid and cost-favourable solution. However,
25 this requires data rates in the range of Mbit/s and
accordingly bandwidths in the MHz range. They cannot
therefore be used in radioc channels limited to a bandwidth
of only 25 kHz. Radio devices with this bandwidth have so
far not been used in the tactical field up to the company

30 level.



wWth regard to the propagation of the radio signals along the surface of
the earth (that is to say without free-space 5 propagation as in the case of
airborne platforns): for an effective use, a relatively-higher frequency
range (225 MHz to 400 MHz, but also up to 2 GHz or above is advisable).
However, the range of radio signals declines with an increasing frequency.

| ncreasi ng the transm ssion power 10 ifdcreases this range only to a noderate
extent. An eight- fold transm ssion power only doubles the range. The

requi red bandwi dth is proportional to the desired data rate. However, the
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power by co rison with the use (of . relatively-sinpler, nodul,ation nethods.
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DE 19%0071%%%eége%ekﬁﬁg Egnag only to a moderate extent. An eight-

C:} fold transmission power only doukles the range.

The regquired bandwidth is proportional to the desired data
rate. HoweveY, the range falls within increasing bandwidfh.
15 As a result, with an increase in the data rate from 16
kbit/s to 1.6 Mbit/s, the range declines by a factor of
approximately 5. Since broad bandwidths generally
necessitate relatively~higher transmission frequencies -
because, for example, the tactical frequency range from 30
20 MHz to 88 MHz can no longer be used because of the broad
bandwidth and density of occupation - further sacrifices

<:> with regard to range must be taken into consideration.

Higher-value modulation types require a relatively-higher
25 signal-noise ratio and therefore achieve a reduced range
with the same transmission power by comparisocon with the use

of relatively-simpler modulation methods.

The number of radio devices necessary to provide radio cover
30 depends very heavily upon the range. This in turn is

dependent upon the frequency range, the necessary signal-



5 optimsation of these paraneters. Broadband radi o devices for fast data
rates are certainly the ideal solution for networked comuni cati on.

However, their radio range is |limted. Radio devices with 25 kHz 10

channel s are characterised by nediumdata rates, |long ranges C and robust
nmodul ati on nmethods. For this reason, they are indispensable for tactical
use. Additionally, for secure radio tefephony, they can be incorporated in
current and future data networks- with |IP-supporting protocols such as' 15
the M L-STD-188-220 B. Self-organising networks with autonmatic routing,

whi ch can et oratigppliteatdadiis 15dSe@rofERECEAVELHefi1pRat oeandyfdtikan be

real i sed V\%ntlcljl tihe g\qa{ﬁﬁ}[grsli@l— 220,B standard. 20 Accordingly, the
a cal r

tradition tacti adi o can be expanded for the digital battlefield
network, as illustrated in Figure 1. The conbi ned hardware/software system

1 guarant ees nodern ternet/intranet c Lcation via djfferent
transni ssi ﬂcumﬁ%.Dﬁ'ﬁed%isg‘ngfg%%hE gggﬂ?rghasgétﬁﬁ?t%u?%ﬁ es
radi o cpmypi oAl d o G s said@nidte rai.gnal Managenment & Control System
3 organi ses radio communi cation for |and- based units. Al systens 1 to 3

are incorporated in the 30 MANET ad-hoc network 4. 5 Wre-bound networks
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10 channels are characterised by medium data rates, long ranges
(:) and robust meodulation methods. For this reason, they are
indispensable for tactical use. Additionally, for secure
radico telephony, they can be incorporated in current and
" future data networks with IP-supporting protocols Zuch as '

15 the MIL-STD-188-220 B.

Self~organising networks with automatic routing, which can
support applications based on the Internet protocol IP, can
be realised with the MIL-STD-188-220 B standard.

20 Accordingly, the traditional tactical radio can be expanded
for the digital battlefield network, as illustrated in

N Figure 1.

The combined hardware/software system 1 guarantees modern
25 Internet/intranet communication via different transmission
media. The Signal Management & Control System 2 automates
radio communication on ships, while the Signal Management &
Control System 3 organises radio communication for land-
based units. All systems 1 to 3 are incorporated in the

30 MANET ad-hoc network 4.



gener-at-i on-of- radio ‘devi ces. Radi o devices for tactical radio with data
rates in the 10 order of magnitude of Miit/s are currently under

devel opnment. Commerci al solutions, such as WLAN provide a satisfactory
solution only in exceptional cases, because they operate exclusively at a
predeterm ned frequency. The substantial disadvantage of this solution is
that it is not 15 protected, for exanplg, agai nst targeted interference.
Furt her di sadvantages of a single-channél systemare avoided in future,
noder n broadband radi o devices by the properties described bel ow, such as

adapting t Ve Jh&iv [ al : Lty onal ly,
and al so ﬁ?f#%f?%qég;%%ﬁkguw %ﬁégqﬁ%%§?eggﬁklggggkﬁcg?ggg,gg&%@ﬁ%%rnf is the
termused #othtfest atitta stgrml suth e adirecaliongdi dedthengodotiasi on type,

data rate  ,apd optionally the frequency-hop sequence or spreading, code, 25
it also co%%%gﬁﬁ,c?Qﬁl %leuﬁ$%ﬁ5 EFAPEREAFHt £6RT Qﬂﬁ?leiﬁa?ﬁéc%%se of

moder n et hods, b Sieh PED! 06 Bi-t il FhATORI-hB S @ackhRaqUaLELY gB¢itberefore the
capacity of the radio channels depends upon the topol ogy, the properties of

30 the X ereaiperinty theodids afdes naddse Wy itdgedmagimfhi sfnéankbihas- t he
avai | abl e cha city..can var between the maxinumdata rate of a
Pha: Haviea) e i Bkt E b Wi £Ps Rka vt Rat Bof

br oadband or “exampl e % nar r ow band
radi o deviegepit ok et khidis.dduirddwer nore, the properties of the 5 radio
channel s are characteri sed by physical marginal conditions, such as:

attenuation, reflection, refraction, diffraction and Doppler shift.
Radio devices for tactical radio with data rates in the

10 order of magnitude of Mbit/s are currently under
(:) development. Commercial solutions, such as WLAN provide a
satisfactory solution -only in exceptional cases, because’
they operate exclusively at a predetermined frequency. The
substantial disadvantage of this sollition is that it is not '~
15 protected, for example, against targeted interference.
Further disadvantages of a single-channel system are avoided
in future, modern broadband radio devices by the properties
described below, such as adapting the waveform to the
varying channel quality.
20
Conventionally, and also within the framework of the present
P application, “waveform” is the term used for the radio
<:> signal in the air; alongside the modulation type, data rate
and optionally the frequency-hop sequence or spreading code,
25 it also contains, for example, coding and encryption, and,

in the case of modern methods, also protocols.

In mobile use, the quality and therefore the capacity of the
radio channels depends upon the topology, the properties of

30 the terrain and the distances to be bridged.



These lead to reception interference, multi-path 10 propagati on,
frequency-sel ective and tine-variant fading. The property of the radio
connection affected by the latter is:. substantially the signal quality,
which is described by the signal-noise ratio, the signal distortion and
signal jitter caused by the channel and, derived fromthe 'latter, 15 the
channel capacity (data rate/bandwi dth),“the bit-error rate (BER) and the
range. I n given circunstances of use especially with relatively | ar ge

di stances hetween_radi.0o nodes, di o _.netwqr ks can rovi de so-called
_bottleneckgh PP der Ry 4 ?(ﬁﬂ? %g;ﬁ §P§@P§ﬁyc§fﬁFéF¥aFP nVBfYt he networ ks
in spite ofethess tk LRIPONEN YdaOtRtd Af reHrdaeilagas ranishaiekecapacity
and quality resulting fromthe nobility of the radio networks and their

physi cal pPbpefresxampler ot Nildslf enchdéwd ©F e 23 rolvesnigaeddoand

realised EE gggggﬁgngt r?@%1€¥%(“§ﬁ?éﬁ%¥%d tQ%e”%&o§S?¥H8§S| gHgllshed

docunent ern radid-tran i'on Systens are
concei vid iradsuchhammabs 4hatcHdweyctoan sebponghyddptilvehygiaad0 changi ng
scenari os of &Etrenely vari ed character. For exanple, scenari Qs can be

anti ci pat eBONGAFERNDr oFiCfe 35 ratEARTYAN R gis fdessiiopr of efraction,

mut ual | y- Cggﬁygg@@ibﬂgaﬂémbépﬂiepQMt§@§ at short distances. For honbgenous
radio networks of this Ki adapt ed nobi |l e ad-hoc networks with

appropriate routlng nmet hods provi de an appropriate solutlon for a conplete
availabiIiEﬁ g l4n tworke art|C| %%ﬁ;re gpme%_t %Hatlons are al so
possi bl e, i S®hi ch % or°a Eﬁﬁﬂl " ad ﬁog must be connect ed
to a cemtrakopagation, frequency-selective and time-variant fading.
(:} The property of the radio connection affected by the latter

is. substantially the.signal quality, which is descriked by

the signal-noise ratio, the signal distortion and signal

jitter caused by the channel and, dérived from the latter,

15 the channel capacity {(data rate/bandwidth), the bit-error
rate {BER) and the range.

In given circumstances of use, especially with relatively-

large distances between radio nodes, the radio networks can
20 provide so-called bottlenecks. In order to achieve a

satisfactory exploitation of the networks in spite of these

temporary, pctential restrictions on channel capacity and

quality resulting from the mobility of the radio networks
and their physical properties, several measures needs to be

25 investigated and realised in future networks.

As disclosed in the not-previously-published document DE 19
2005 030 1908 Al, modern radio-transmission systems are
conceived in such manner that they can respond adaptively to
30 changing scenarios of extremely varied character. For
example, scenarios can be anticipated, which provide a

relatively-high density of mutually-communicating radio



o NI,

radi o station over a Iong dlstance A further scenario, which represents a
m d- poi nt between the extrenes nentioned, 10 is provided by networks with
relatively-low density and average radi o distances. Transitional forns

bet ween these scenarios will also be possible, for exanple, islands of
partial networks with relatively shorter radio distances, which are
supposed to maintain' a connection with other 15 partial networks with
simlar paraneters over relatively |onger distances. |If radio devices are
operated with fast transm ssion speeds, the resulting bandw dth required

| eads to colsvidmrablt Short2@isdsmciest. ed’omahbmoganges radionﬂnétwsoﬂsf off f a

net wor k p rtici (% %:t dlsta o] outs he r di o range, of the
ot her netmo Ppartt Fﬁﬁ%p e#ﬁ@%ﬁﬁl Be™ 8|88 HOF ﬁnVl MTRRT XL 1A Since
t he networ kr@ﬁiiﬁcf'lﬂi@fﬁcﬁjsl%ﬂ'cﬁrlmnap%\égEQﬁﬁb whiGhibs Pasesd upon a

defined bandw dt h, the 25 "excl uded" netmorkﬁgart|0|pant cannot generally
restore theComakRYe corricaitidn by afnialdt aeamo amgrticipanhecessary for the

radi o systens to have inpl enented correspondi ng nechanisns in such cases.
30 Radi o-transm ssion systens according to DE 10 2005 030 108 Al are

speci al |y aileyptesr f osithigh-ambidre plshl exiskliblaseinnwhdchfenensr scenari os.
Radi o systens conceived in thjs manner 8 are characterised by

a
hi ghl y- devefbpt BRI |§ QRicdrs Fséwdet RENBGSEEth 9 %d%%@t¥%#rad|o

channel s W thyextdei®loh KAl %ﬂl%n@ﬁ%t%‘ﬂ%@ thegurHR¥BVeEendE; 40 2005 030
108 Al does not describe how the radi o systens achi eve the object 5 of

mai nt ai ni ngwvtheh reepiesantrad aicomedatt esvwagrd frbasextngmes mentioned,
10 is provided by networks with relatively-low density and
C;) average radio distances. Transitional forms between these
scenarios will also be possible, for example, islands of
partial networks with relatively shorter radio distances,
which are supposed to maintain'a connection with other
15 partial networks with similar parameters over relatively

longer distances.

If radio devices are operated with fast transmission speeds,
the resulting bandwidth required leads to considerably
20 restricted radio ranges. In mobile use, if a network
participant moves to a distance outside the radio range of
the other network participants, it will be excluded from
' communication. Since the network participants use a common
waveform, which is based upon a defined bandwidth, the _
25 “excluded” network participant cannot generally restore the
radio connection by unilateral means. It is necessary for
the radio systems to have implemented corresponding

mechanisms in such cases.

30 Radio-transmission systems according to DE 10 2005 030 108
Al are specially adapted for high-mobility, flexible use in

different scenarios. Radio systems conceived in this manner



the channel quality. The present invention is based upon the object of
providing a radio-transm ssion system and a correspondi ng nethod of 10
operation, with which radio devices can establish or C maintain radio
connections with their renote stations, which are required to comrunicate
nmessages via one or nore radio node. 15 This object is achieved by a

radi o-transmi ssion system according toSclaim1 and a nmethod for operating a
radi o- transm ssion system according to claim13. The dependent cl ains
speci fy advant ageous further devel opnents of the invention. 20 An exenpl ary
embodi ment2B® TR IFRNIGh B% adéddniledenelercdnwraprtab et bhve ¥ibiche

dr awi ngs. i f.of.l — JELgur e a

di gi tal ba%??%‘?% :‘}Mdé] g%ysﬁ{ee?nmaﬁ ;a@ﬁpcgt‘l’]‘r@g 73 agggwg hén%?%é‘iygﬁ? C%??P%ﬁ%%} am of a
| ayer- strustike cfafrheel rqdilo-ttireans Micseiver, SYEt em 005 03¢ Wghan t he

f ramewor k gf the invention; 30 Figure 3 shows the anticipated ogerational

and nobi | | £9°S AR SeFTIHYNW £1hGRSIR0RYGERBEs ARANETS WE hORFRFE di st ance

vari antss; §eRhgik €a bn S{PWehd Qee@\ierre%t SlGR ROnAEcEadhe dhatROLES iRy MANETS;
Figure 6 shows the scenario of house-to-house fighting; 10 Figure shows a
| ong- di st ahte cloameel igugliity.

The present invention is based upon the object of providing
a radio-transmission system and a corresponding methed of
10 operation, with which radio devices can establish or
<;> maintain radio connections with their remote stations, which
are required to communicate messages via one or more radio-

node.

15 This object is achieved by a radio-transmission system
according to claim 1 and a method for operating a radio-
transmission system according to claim 13. The dependent

claims specify advantageous further developments cf the

inventicn.
20

An exemplary embodiment of the invention is described below

with reference to the drawings. The drawings are as follows:

Figure 1 shows an example of a digital battlefield

25 network;

Figure 2 shows a block-circuit diagram of a layer-
structure of the radio-transmission system for
use within the framework of the invention;

30

Figure 3 shows the anticipated operational and mobility

areas;y



Figure 8 shows transitional fornms of highly-dynam c scenarios; and 15 Figure
9 shows an exenpl ary enbodi nent of the configuration of a node of the
radi o- transm ssion system according to the invention. Wth regard to the
probl em of the tinme-variant quality and 20 capacity of radi o channels, DE
10 2005 030 108 Al proposes a package consisting of three solutions: C
optimsation of the quality and capacity of the individual radio links; 25
- adapted and optim sed routing; - selection of appropriate applications
and/ or adaptation of applications. For this purpose, the approach according
to DE 10 2005 030 30 108 Al provides a subdivision of tasks between the

di visions _of clasgsical radi&ﬁ}echnolog &Iagers 1 and 2 of the |ISQO Csl

| ayer nodef)-959R8 fAet wor¥ e HP@&FOPFaéé EZSaH4tapdbest vilt htamre a
co-operation between thgtjwedi;visions, as illustrated in Figure 2. An
interface 10, across which the quality features and optionally control data
can be exchanged, is provided between these divisions, wherein the control
data arg 5 rated as,a re nse to.th ual ity features exchanged. Bel ow
t he intgrfgggﬂ%& %t hat 1% Sost%%y,o‘ﬁeﬁsttﬁg%c?ﬁéggi 8§| ra&éﬂi‘gl%?%%‘?%g%ni n bl ock
11 of layer 1, steps (pmaTRC) nust be taken to anal yse the radi o channel,
to establish 10 corresponding quality features, and to match the radio
channel s to the respective topographical situation through adaptive

mMeasures. gjigure 6 shows the scenario of house-to-house fighting:

10 Figure 7 shows a long-distance connection;
®
Figure 8 shows transitional forms of highly-dynamic

scenarios; and

15 Figure 9 shows an exemplary embodiment of the
configuration of a mede of the radio-

transmission system according to the invention.

With regard to the problem of the time-variant quality and
20 capacity of radio channels, DE 10 2005 030 108 Al proposes a

package consisting of three solutions:

- optimisation of thevquality and capacity of the individual
radio links;

25 - adapted and optimised routing;
~ selection of appropriate applications and/or adaptation of

applications.

For this purpose, the approach according to DE 10 2005 030
30 108 Al provides a subdivision of tasks between the divisions
of classical radio technology (layers 1 and 2 of the ISQ/0SI

layer model) and network technology {layer 3 and above) with



I'n the follow ng section, with reference to '"the quality of 15 service
defined for the network (QS), the relevant quality features are descri bed
as the Quality of Channel (QC). They are processed in the functional block
11 (phys/ QC). Additional functions (MAC/ QC) nust be provided for the 20
control of channel access (e.g. Link Managenent, Slot Miltiplexing) and
data fl ow dependent upon the current cdifannel quality and the priority of

t he packets and their 4 requirenents with regard to channel quality (C ass
of Service, CoS). This is inplenented in functional blocks 12 25 (MAC/ QC)
of layer 23 TReCperaEiey RRtwerRn patkdiwe cHivisd castablsi $hdduserehed in a

servi ce-specif.i nd4 or . {fic QEQE s Thi s i i ed in
functional%Sgpggk§12ﬁghﬁﬁ§%g%3sgg%j%6%%e t g%dg Fﬁ&béuggigyfggégqgggthat is
to say, inahHecpnebmelkydivnston,daeansmisd dxehhoged,t asagaptritibe 11
comruni cation to theegéfgerties of the channels to be used wth the

assistanpeb8FW?ﬁésE? LY 1RO T HeAS idwithg feadECds datdr 28Ranpl e, nust be
adopt edsi ngenchlRehi Qoal Blackndd f ﬂﬁ@“ﬂhéﬁi&S?%%%?%gng%?@gg Bh): -

sorting the data packets according to priority ggted'queuing
(MAC-Q@CQC), that is to say, formation of queues dependent upon priority; -

Chrough: - FFARte "BAl 0 B TRHE kY rg: 101 ] St BaraeTt TOgnRLREFoHadnal yal s
usi ng exchaaged pOsition, cROsTbAAtES of CoRREctl,onRtRHBYNPEES /Bstng vel ocity
vectors Ofmust be taken to analyse the radio channel, to establish

10 corresponding quality features, and to match the radio
C:3 channels to the respective topographical situation through

adaptive measures.

In the following section, with reference to the quality of

15 service defined for the network (QoS), the relevant quality
features are described as the Quality of Channel {(QoC). They
are processed in the functional block 11 (phys/QoC).

Additional functions (MAC/QoC) must ke provided for the
20 control of channel access {e.g. Link Management, Slot
Multiplexing) and data flow dependent upon the current

channel quality and the prlority of the packets and their

requirements with regard to channel quality (Class of
Service, CoS). This is implemented in functional blocks 12
25 (MAC/QoC) of layer 2. The priority of the packets can be
established either in a service-specific and/or user-
specific manner. This is also implemented in functional

block 12 (MAC/QoC).

30 2Above the QoC - QoS interface 10, that is to say, in the

network division, means must be found to adapt the



15 the objects containing radio stations - determnation of the quality
features for the individual |inks through the radi o devices - marking of
path qualities in the routing tables - conversion of the QC values into

t he QoS val ues and 20 adaptation to IP functionality (matching to TCP/ UDP) -
notification of the user regarding the avail able channel quality and
capacity (QoS/ QC Tailoring) and displ &y of available services - adaptation
of applications to the available channel 25 quality and capacity (QS/ QC
Tailoring) - reactions and neasures regardi ng the channel capacity, for
exanpl e, pFPBRRRLISAEI S, Celate rRERRAT O Dol fther algmingd s t@hPehupssd

|l ement et 2t e Level ofcd hoe anpld £3300 J e unct i onal bl ock 16 (QuS/ @

Tail oring). n order fo coordinate the neasures above and bel ow t he
interface 10, the QC and QS paraneters nust be napped onto 12 one
another. This i.s.also necessary in_order to achieve a snooth transition

bet ween ram‘S ﬁ@%%Wk%garﬁﬁaW?%gboﬁ% et 'kén,ustthﬁ’.te PEoPEeEay® so that the
servi cesf eahueesoh 0 So18BLhani Sfe)awef | Nethdorpdde WargqRawnd ) net works are
also 5 inplenented in radio networKks. The channel access (Medium Access,

MAC); the MARETtipdtfhg dikafpeeksbonalcinuting 4 cofdisydlv3;(MAREQPEANSpor t
protocol s TORLDR, Lo whigh yhe data i, fumo onal, bl oslc 15 of, Laver 4 10
are converted; and "t e app iéatlo S71'n Tayers 5tto ‘are ar-t 8 Péct ed.
Accor di ngl yjuetitbe Qoflén tappomgpmtstite; expanded by nmeans of additi onal
functi ons. Thisisin‘glerrentedina , ,
- support of the MANET functions {QoS/QoC Routing Support),
10 for example, through:
N
ij - range calculation using digitised cards
- connection analysis using exchanged positicn
coordinates
- connection prognoses using velocity vectors of
15 the objects containing radio stations
- determination of the quality features for the
individual link$ through the radio devices
- marking of path gqualities in the routing tables
- conversion of the QoC wvalues into the QoS wvalues and
20 adaptation to IP functionality (matching to TCP/UDP)
- notification of the user regarding the available channel

quality and capacity (QoS/QoC Tailoring) and display of

available services
- adaptation of applications to the available channel

25 quality and capacity (QoS/QoC Tailoring)
- reactions and measures regarding the channel capacity, for
example, prioritisation, data reduction or interruption,
which is implemented at the level of the application in
functional block 16 (Qo$/QoC Tailoring).

30
In order to coordinate the measures above and below the

interface 10, the QoC and QoS parameters must be mapped onto



functional block 13 (QC/ QS - Managenent). For this purpose, functional

bl ock 13 is connected via further 15 interfaces 17, 18 and 19 to functi onal
bl ocks 14, 15 and 16. The function of the radio-transm ssion system
illustrated in Figure 2 can therefore be explained as follows: 20 The

radi o-transm ssi on system has several processing |layers for the transfer of
dat a packets between various radio C) dévices in a radio channel and
conprises several functional units and one control unit. A first functional
unit 11 is localised in a physical radio-transm ssion |ayer and 25 anal yses
the radi o ERANMEPLRET oriels ti6° et MATE SERE Yqddl PEerofot RehiadPoachannel

QC. A second.funeti i Ii?e éﬁsﬂéﬁiﬁin g%okﬁsasgat@1§8935h£¥ | ayer and

controls access to the ra channel ependent 30 upon the current quality
of the radhetebaksel tEC, ianh coay,r clcs thlae phieosetryiok tfhetdata paokets to

be transmtted dependent, upon.the qual,ity S of the service realised by 13
Che data pAEREFRISRE] HiF LIS o rEle GHHE-PRORS. PECHDFE8doF A *hShet vor k
layer and ¢ppiepbstideis odldng Aftfdiedata packets. 5 A superordinate
control unit 13 rel eases the data packets for routing through the third

functional unit 14 only if the quality of the service QS realised by the

dat a packe o] e : ithth al i e_radi o _channe
QC specif?g §ﬁ£§§§ff$$§?§§uﬂ%%%§%gé%kﬁﬁf'1%@&3HaFB%s%%ghﬁorggg?ngf a
m ni mum quahi fynotidhel rehek charellet 33 threeseahspottt beoquabisy of the

service or _respectively  service feature S.of the _application. The contro
unit 13 is’E Zﬁggteﬁnt%h%%% ?qgsﬂa?q”ﬁﬁiﬂﬁ%%tlonal b1otk 15%5 Tayer 4

10 are converted; and the applications in layers 5 to 7 are alil
(;) affected. Accordingly, the QoC/QoS mapping must be expanded
by means of additional functions. This is implemented in a
functional block 13 (QoC/Qo$S - Management). For this
purpose, functional block 13 is connected via further

15 interfaces 17, 18 and 19 to functional blocks 14, 15 and 16.

The function of the radioc-transmission system illustrated in

Figure 2 can therefore be explained as follows:

20 The radio-transmission system has several processing layers
for the transfer of data packets between various radio
<:> devices in a radio channel and comprises several functional
units and one control unit. A first functional unit 11 is
localised in a physical radio-transmission layer and
25 analyses the radio channel in order to determine the quality

of the radio channel QoC.

A second functional unit 12 is localised in a data-security

layer and controls access to the radio channel, dependent
30 upon the current guality of the radio channel QoC, and

controls the priority of the data packets to be transmitted

dependent upon the gquality QoS of the service realised by



15 unit 11 and to the second functional unit 12 via a first interface 10
and to the third functional unit 14 via a second interface 17. Furthernore,
the control unit 13 is preferably connected via 20 a third interface 18 to
a fourth functional unit 15 in a transport layer. The fourth functional
unit 15 converts the data packets into a corresponding transport protocol,
for exanple, TCP/UDP. 25 The control ddit 13 specifies the correspondi ng
transport protocol TCP/UDP on the basis of the quality of the service

reali sed by the data packets S and the quality of the radio, channel QC
speci fi ed gﬁetﬂ%ﬁ?i?%ﬁk?iﬁmnaE%hﬂrQMﬁWHQEE%DS&dU§&ﬁtﬂél§Stﬁécﬁéﬁﬁﬁﬁ in
functional ;upityw8EEOL 8! ¥nd It 1IGOHHD - diitlithg13 A $hRM @hekabl y connected
via a fourth interface 19 to a fifth functional "unit 16 in an application
14 | ayer.pktkehe. data packets for routing through the third functional
unit 14 cannot be released, a corresponding notification is preferably sent
to the user fromthe fifth functional unit 16. 5 In this context, the

control5 unit sige E6PE1 QA Se tdenE+ T chin FUNG ireNalasdy tthdd daaSyebkacganner that
it ensures through apgroprlate routing the availability of the transm ssion

capacity ofCFhEORaHR® EhEriHEl Heddvaid fuactinhalesipddt ildeondyqddl £B§ of the
oo PSPEALLSRE, et o GRSl R Sy ekl ety
QS of theoseespords eallegesit ¢ bspecth iBley dua ltitey deft ahpacketis. channel

QoC specified in the first functional unit 11, that is to

10 say, if a minimum quality of the radio channel CoC is
Q;> present for the quality of the service or respectively
- service feature QoS of the application.

The control unit 13 is connected to the first functional =~

15 unit 11 and to the second functional unit 12 via a first

interface 10 and to the third functional unit 14 via a

second interface 17.

Furthermore, the control unit 13 is preferably connected via
20 a third interface 18 to a fourth functional unit 15 in a
transport layver. The fourth functional unit 15 converts the

data packets into a corresponding ftransport protecel, for

example, TCP/UDP.

25 The control unit 13 specifies the corresponding transport
protocol TCP/UDP on the basis of the quality of the service
realised by the data packets QoS and the quality of the
radio channel QoC specified in the first functional unit 11
and controls the fourth functional unit accordingly.

30
The control unit 13 is preferably connected via a fourth

interface 19 to a fifth functional unit 16 in an application



15 Followng this, the third functional unit is controlled to inplenent the
routing of the data packets in this sequence. The control unit 13 can al so
i npl enent a prognosis of the quality of the radi o channel developing in
future on the 20 basis of determ ned velocity vectors of the noving radio
devices. In summary, according to the solution of DE 10 2005 030 108 Al,
the continuous determ nation of possibliet paths (radio 25 paths) of the
network (MANET), which is required in nobile use, is supported by
intelligent procedures. The radio channels are matched by adaptive neasures
to the respegérverftopogiaphimadtkeid URld avutdnd ttheougspeaki YBiehannel
capacity and quality of the individual radlo paths are recorded and 30

t aken i nt ofBBABIERR At FRHE | b tFR YA AL G he AdSCETFEBREESNTI5  However,

th thi d b
W IS ﬁBPF?@EQtP& pots ted@f%% O%Pdaljegﬁa@o th b%erC?QBﬁthhQ”%lg\Eﬂ €

mai nt ai ned only over nces. In scenarios, in ch | arger
radi o di st éingesionastubet b¥é dged, additional nmeasures are required. These 5
nmeasures Wi |l be described below. The range of radio systens in
ground-to-ground connections is determned by the follow ng paraneters. It

is shorteryn theshighesxt hernseddidt FIJ1qUBRCN I Tonlkttrols $har k8K rdt he 10
faster the data rate or the broader the useful bandwidth in each case, or

t he higherfﬂﬁ§t¢9n@b @mithb4nmeﬁQﬁh(ﬁ1m%qﬁ§r Fded. ittt ensurengehroud greater
the transnggghggﬁ roﬁﬁ%é% rgggl%ﬁgyifyéﬂy?’t%%et?ghgﬁngsgg'n It is

| onger, the he™ an
capacity of the radio channel necessary for the respective

10 guality of the service QoS realised by the data packets.
o
~~The comntrol unit 12 preferably soris the data packets
dependent upon the priority required by the quality QoS of
the service realised respectively by the data packets.
15 Following this, the third functicnal unit is controlled to

implement the routing of the data packets in this sequence.

The control unit 13 can also implement a prognosis of the
guality of the radio channel developing in future on the
20 basis of determined velocity vectors of the moving radio

devices.

In summary, according to the solution of DE 10 2005 030 108
Al, the centinuous determination of possible paths (radio

25 paths) of the network (MANET), which is required in mobile
use, 1is supported by intelligent procedures. The radio
channels are matched by adaptive measures to the respective
topographical situation, and the respective channel capacity
and quality of the individual radio paths are recorded and

30 taken into consideraticn in the transport of the data

packets.



I n stationary operating node, the three last radio paraneters, nanely
antenna height, the antenna gain and the transm ssion power can be

increased in order to bridge |longer radio distances. In nobile operations,
this is either 20 inpossible or possible only to a very limted extent

Wi t hout

the technically and operationally very questionabl e use of
airborne relay stations such as un-nannﬁg aircraft, balloons, helicopters
etc. For this reason, a solution nust

found for nobile operations,

also allows radio 25 systens with sinple and | ow antennas and a | ow
transm ssi on

quat?r§ S i ST PR ertt A0t BRoA e TPAARD: drefafices. 30

channel

The channel cépied ¢t Voreandre da ackiert Gorid Rrays by ey 1anak¥gi pgdibhe radio
used, This analysis can be inplenented both in a channel

channel

t he

whi ch

Wi t hout

radi o traf fAESERRERT solt P NG OSocdipiEd Phanmerr FAdiRedipE3RCRAse, the
magni tude apds{ e ijE%déH,ergoeo[i%%%aﬁ' A% 63N Jhe Qghﬁg%a?%ﬁggerecorded?

in the second case,

€ nessage sl gnal S are anal yse I nce nown

techni cdl pacasetes swvsliclbasiddve iedulbatlicon type, data 5 rate etc. are

i nvol ved,

can be drawn rega

10

15
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30

the anal ysis of the channel can be inplenented in a very detailed
manner with regard to quality criteria such as signal-noise ratio, fading
parameters, Thit ra®hd OF £ M3 AN SLrN inSifieRind -tadig@ onadewhhicgepgsal |y
receive signals fromseveral renote stations, thesé quality 10 features can
be al | ocat etst@éettveminei B udie riadilevding: macemet@irshi Att he ebabtaed net wor k.

Wi Uhis TBRRON Ol EXATPLer, 1Y AING PNl i) dnoghieot, | nferences

anc
faster the data rate or the broader the useful bandwidth in

each case, or the higher the value of the modulation type
used. It is longer, the greater the transmission power. It
is longer, the higher the antenna gain. It is longer, the

higher the antenna base.

In stationary operating mode, the three last radio
parameters, namely the antenna height, the antenna gain and
the transmission power can be increased in order to bridge
longer radio distances. In mobile operations, this is either
impossible or possible only to a very limited extent without
the technically and operationally very guestionable use of
alrborne relay stations such as un-manned aircraft,
balloons, helicopters etc. For this reason, a scolution must
be found for mobile operations, which also allows radio
systems with simple and low antennas and a low transmission
power, for example, man packs, to determine the change of
channel quality and to respond to the overstretching of

radio distances.

The channel quality can be tracked continuously by analysing
the radio channel used. This analysis can be implemented

both in a channel without radio traffic and also in an



15 the renote station. If the coordinates of the sites of the radi o nodes
are al so exchanged during network operation, the distances can be
calculated and the availability and the associated, necessary radio
paranmeters can be determ ned by mneans of terrain maps and propagation
nodel s. 20 Mbdern broadband radi o devices will use data rates up to a few
Miits/s and therefore bandwi dths of sevkfal MHz. For several reasons, this
transm ssion will be inplenented in relatively-higher frequency ranges, for
exanple, within the 25 range_of a few hundred M4z or up the GHz range.
However, tRECUPARF0CHRERGAceIPWAREhIERAT e TR dgedl navnifiivglemamdetyPPs quite

short. Undese unfavousghle condhibonsn bl IBYeifindd WAL RekEWiRundr ed
nmetres. Requirenents for bridging a range 5? ar}eM/teng of kil ometres in
thi s frequehey skapddcans8) ahsombsesaghi evegh bl araeMarta ered .n&rimow user

bandw dt hs stati

by rela ions |located at_a high altitude. 17 1f the channel
qual 1ty chdfgee TerhpioRseBREPROERE calt 2 iR MR IGe o e B3GR o
the given analysics.r asdl tavol beayghhanadeps a4 | N e tdiudrdi eaparanet ers,
for exanple, by adapting the signal bandw dth and the associated data 5
rate or by iamrdismegécdf irodulatrivoretypbedrnaeg hgii s megansk o apRlity

di stri buting.the channg! .ntorpmsLen: wLthip, §heeo EtpOrle pauery r adico node
can sel ect the radi 60 paraneters ~optinhumtor conmiini I'on Wi th’'a“partner
in particulearrod fratehanposbt banssoficéhe radio mogkesyialrle gddinaldial |y known

by 10 exchanging cqordi nates. However, these nethods are unsuccessful, if
t he adapt adiaGy® G IPRd SwavelorRVEERd SEMeHe ettty (Fess i& -5 gher)

10 features can be allocated to the individual radio distances
£
Ao/

within the combined network.
With this method, for example, using the signal field
strength, inferences can be drawn regarding the distance of
15 the remote station. If the coordinates of the sites of the
radio nodes are also exchanged during network operation, the
distances can be calculated and the availability and the
associated, necessary radio parameters can be determined by
means of terrain maps and propagation models.
20
Modern broadband radio devices will use data rates up to a
C”\ few Mbits/s and therefore bandwidths c¢f several MHz. For
- several reasons, this transmission will be implemented in
relatively—higherrfrequency ranges, for example, within the
25 range of a few hundred MHz or up the GHz range. However, the
radio distance, which can be bridged in this manner, is
quite short. Under unfavourable conditiecns, it may be
limited to a few hundred metres. Requirements for bridging a
range of a few teng of kilometres in this frequency band can
30 also be achieved only with very narrow user bandwidths by

relay stations located at a high altitude.



user frequency tothe current radi o' distance is exhausted. 15 In this
as illustrated above, the user frequency and bandw dth nust be cons
Wth conventional, tactical radio nethods, for exanple, with
bandwi dth of 25 kHz in the VHF range from30 - 88 MHz and de
upon the terrain, radio ranges up to a few tens of 20 kil onetres can
bridged. The use of the HF range with Ppandw dths of, for exanple, 3
whi ch are conventional in that context, allows even longer radio ra
the radio node is disposed at a current radi o distance, 25 which ca
be bridgedI®i thet branayef gual ispdciemeres afiteri adapisdtilentcageackasb resort,
according to the  invention, there remains only a use of a narrow ba
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Accor di ngl the radi o nodes nust be ready to receive the
RaRAST Yo RPFERM T hes - Y

However, these methods are unsuccessful, 1f the adaptabilit
of the waveform used at the selected (relatively-higher)
user frequency to ‘the current radio 'distance is exhausted.
In this case, as illustrated above, the user frequency and
bandwidth must be considerably lower. With conventional,
tactical radio methods, for example, with a useful bandwidt
of 25 kHz in the VHF range from 30 - 88 MHz and dependent
upon the terrain, radio ranges up to a few tens of
kilometres can be bridged. The use ¢f the HF range with
bandwidths of, for example, 3 kHz, which are conventional 1

that context, allows even longer radio ranges.

If the radio node is disposed at a current radio distance,
which can longer be bridged with the waveform used even
after adaptation, as a last resort, according to the
invention, there remains only a use of a narrow-band method
in a relatively lower frequency range, that is to say, a us
according to the invention of a so-called orientation
channel. The bandwidth and frequency range cof this method
are orientated according to the maximum-expected radio

distances in the respective usage scenariocs. Since the time

y

h

n

e



event that one or nore radi o nodes are no | onger available wusing the
transm ssion nethod wth a fast data rate in the ad-hoc network. 15 This
readi ness to receive can be realised in different ways. Possible solutions
include the follow ng: cyclical switching of the radio node to receive an
orientation signal and/or wuse of a separate receiver to receive an
orientation signal 20 and/or use of an iimtegrated software-guard receiver to
receive an orientation signal and/or use of an integrated C hardware-guard
receiver to receive an orientation signal. This orientation signal is

desi gned i nosutte aov@reretidiiing tof Zhecandin dgethheesByhaAnsrraage for the
scenarios expected. If it is used, the station receiving the orientation
si gnal can PHeREEFHEGE Il pricheradids Nesiesg shre lAePRBAcERBEY | BRd  above

for the anabystsnobudl{Seldly SdNAcAn ﬁqrgna%t bapehaki eRphrogLthy s, can

determ ne the maxi numusef resent for the radi o distance. 19
The advant agétefnahover esenthe mentrieadn gus ltilkat iist keemngovkis all radio

hosa bl & oREFRERH LS st T R o RS ouri by begpetRetilerEfnid
channel , astRENhéORGEK abPViEhaf HFaBAMIR, Bnianaky3ns @hithchanpgh W thout

radio traffic with a determ nation and recording of the magnitude and type
of interferehekali by s nandygemparidiaidiablef. Champadsagéosi ghthstiofs an

ccoupled 0nSHBIELLIL RSN AAISIA O g, TSIl LA BB aga gt o o
and/ or an aohbysés; ofhd heohidngrr-avaidiadbie node will then communicate
10 wvia this orientation channel. Accordingly, the radio nodes
(;) must be ready to receive the orientation channel only in the
- event that one or more radic¢ nodes are no longer available
using the transmission method with a fast data rate in the
ad-hoc network.
15
This readiness to receive can be realised in different ways.
Possible solutions include the following: cyclical switching
of the radio node to receive an orientation signal and/or
use of a separate receiver to receive an orientation signal
20 and/or use of an integrated software-guard recelver to
receive an orientation signal and/or use of an integrated

(:> hardware-guard receiver to receive an orientaticn signal.

This orientation signal is designed in such a manner that it
25 can bridge the maximum range for the scenarios expected. If

it is used, the station receiving the orientation signal can

determine channel properties using the method described

above for the analysis of a useful signal and, by

extrapolation from this, can determine the maximum useful

30 bandwidth present for the radio distance.



and al l ocation of the analysis results to the individual radio distances in
t he conbi ned network. 15 The nethod for maintaining radi o connections by
means of continuous analysis of the radio channel and distribution of the
channel paraneters within the radio network is used for adaptive adjustnent
of the waveform (for exanple, nndulatigﬁ 20 type, type of coding, signa
bandwi dt h, transm ssion power and antenna directional effect). The nethod
for manufacturing and maintaining radio connections by neans of a
narrovvtbanplh rqu orle t|o res% annel . is_used the event that norma

conmuni cat 1 0n Vi & THE &éptl tan&ar&nmﬁgngPn%?sth%tl%Eg%?nd%%§?ble

because t hel T headuad mgeaﬁetwﬁlgha\depd@tf@r resabedevands Al seovi@ed reeodr di ng

t he conmuni cation of a participant within a network in the case of unknown
channel pabhetEt LY I Jyamas@dibde, the properties of the orientation
channel are as follows: |owfrequency, narrow bandw dth, robust 20

nodul ati on nmet hod and coding, and optionally a relatively- high transm ssion
power Kby chpathS&wpwﬁgdsafuthaﬂumﬂtim&ehalanahgahelofStHheuiémetration in
Figure 1 serves fo visualise future radio net rklng However, |t

representscgﬁn% 1dﬂ§]n%ﬂﬁﬁﬂqqq VSn &R SRPFPILAadBYuARRtYSHRSY i bes t he

Ci r cunst anggsn £AC O IRRE AJ4 i aGhire8 c %@%hcgnebE59ﬂ§natlwsaﬂi@t ed, that is
to say: a partlculanay clear and sinple 10 overview of the terrain is

provi ded; ¥FRecr@dd @f sthencwgrdrtaideernderyby Shointerfereesi sigwfls adi o
nodes is héQQ/or by analysis of the message signals of an occupied

10 channel with an analysis of the constellation diagram and/or
C:j an analysis of the signal-noise ratio and/or an analysis of

fading parameters and/or an analysis of the bit-error rate
and allocation of the analysis results to the individual
radic distances in the combined network.

15
The method for maintaining radio connections by means of
continuous analysis of the radio channel and distributicn of
the channel parameters within the radio network is used for
adaptive adjustment of the waveform (for example, modulation

20 type, type of coding, signal bandwidth, transmission power

and antenna directional effect).

The method for manufacturing and maintaining radio
connections by means of a narrow-band, robust crientation

25 channel is used in the event that normal communication via
the adaptive standard waveform is no longer possible,
because the channel parameters have detericrated, and also
for recocrding the communication cof a participant within a
network in the case of unknown channel parameters.

30
In particular, the properties of the orientation channel are

as follows: low-frequency, narrow bandwidth, robust



stationary units with high antennas are present and airborne relay stations
are avail abl e, do not adequately describe real situations and potenti al
performance features of nodern 15 radio systens. In practice, especially in
the case of an advance of troops or in nobile battle action, |arge areas,
whi ch nust be covered by radio, are involved. Figure 3 shows the operational
and nobility areas 20 anti ci pated wi t hi4P t he divi sional and bri gade
framework. The distribution of radio nodes in these areas can in no sense

0 always be expected to be quasi honogeneous with short radi o distances.
| sl ands of ™PaHi 8 ReRWBRKROH 2R r ePdt 1 Yel 30T GiRF 1 Widdtlah e < eBetideA YT hese

i sl ands ar %i%ﬁeQEgﬂlghisEQBﬂeﬂongffqleoy 2oy & »JE‘%fH |t%ea'&q:tfu|aqxiu!35?ul

operational possibilities are reflectedin a plurality of potentia
scenari os, chanwgilech the radio systens are supposed to allow secure
comuni cation. The framework for this diversity of scenarios wll now be
presented with a few representative exanples. 30 As shown in Figure 4,

scenari s ewesti11WRkeAtPpAVi Aeragurel atdaelys @R idensiitas hiture
mut ual | y- communi cating radio 21 devices at short distances from one
anot her . Adagtied ngshrIr&ingd- Hoveiet woF ksreRies g afl @bvdeiisng net hods

provi de an . nggrg tens LHtBSD fgﬁ o S gﬁﬁ. e rks of this
Kind. 5 Insﬁ%%ﬁﬁe ﬁsg, Phgre areyned%2§§$%%§8gf¥%a H%ﬁ%i%ﬁ% whi ch
rel ativel y dionmgmditahansesnbetmeenest am i mrsctaintk { Mg JMANEES on@r bet ween
MANETs occur, which can no | onger be bridged wwth the radio range of a
br oadband WaedEgted, that 1s to say: a particularly clear and simple
N 10 overview of the terrain 1is provided; the radio distances are
<;5 extremely short; the density of radio nodes is high;
stationary units with high antennas are present and airborne
relay stations are available, do not adequately describe
"real situations and potential performance features of modern
15 radio systems. In practice, especially in the case of an
advance of troops or in mobile battle action, large areas,

which must be covered by radio, are involved.

Figure 3 shows the operational and mobility areas
20 anticipated within the divisional and brigade framework. The
distribution of radio nodes in these areas can in no sense

always be expected to be guasi homogeneous with short radio

distances. Islands of radio networks with relatively-long
distances between these islands are frequently formed. The
25 dynamic, mobile and flexible operational possibilities are
reflected in a plurality of potential scenarios, in which
the radio systems are supposed to allow secure
communication. The framework for this diversity of scenarios
will now be presented with a few representative examples.
30
As shown in Figure 4, scenarios exist, which provide a

relatively-high density of mutually-communicating radio



to1f, as itlustrated in Figure 5 a network participant noves out of the
radi o range of the other network participants, it wll be excluded from
comuni cation. |If the network participants are using a conmon, non-adaptive
waveform 15 which is based on a defined bandw dth, the "excluded" network
partici pant cannot generally restore the radio connection by unilateral
nmeans. However, situations are al so pos ible, in which one or a 20 smal
nunber of radi o nodes have to be connected to a central radio station over
a long distance or in a terrain wth unfavourabl e propagation conditions.

AS i||UStr%%%qc%E Ekggﬁgrgfd%gkgnéééufféﬁ”bﬂg éggﬁérj(ﬂaiﬁ%%df§égﬁh%’ !n
house-t o- house Tighting, w th reconnaissance roops or patrols. ESpecially
in the |atter-hoasestwotrths exchr subnsbidroughi idenddroca mrcwrikie aantrol | ed,

|l ong distances fromthe central radio station, for exanple, the_  conpany
battle statiPEFOPArE F0oSSLBFECakCT | FARTRAUY iTRHP AGHE P Howddér, in
such cases,iifq.is al so necessary for the patrol to have or to establish a
radio connection with the base station. Special nmeasures becone necessary
in the 32 case of excursions through difficult terrain, fqor exanple, in

nmount ai nous__terrai.n or. _ov di st ances, whic significantly exceed the range
of " appr ox 1t G136 TREF ORBEFBe2 SO EreFaH DK ORI B e Pt y i (h
tactical radiiatileaRsibhgnakstenossaperabse® Passidie Hel wern d heseTs
scenarios, for exanple, islands of partial networks with short radio

di st ances, Sthikatvingst MANEREaPACEBNt Wetchyein no longer be bridged with
the radio range of a broadband waveform.

10
(:} If, as illustrated in Figure 5, a network participant moves
out of the radio range of the other network participants, it
will be excluded from communication. If the network
participants are using a common, non-adaptive waveform,
15 which is based on a defined bandwidth, the “excluded”
network participant cannot generally restore the radio

connection by unilateral means.

However, situations are also possible, in which one or a
20 small number of radio nodes have to be connected to a
central radio station over a long distance or in a terrain

(m\ with unfavourable propagation conditions.

As illustrated in Figure 6, this situation is found, for

25 example, in house-to-house fighting, with reconnaissance
troops or patrols. Especially in the latter case, with
excursions through the terrain to be controlled, long
distances from the central radio station, for example, the
company battle station, are possible, as illustrated in

30 Figure 7. However, in such cases, it is also necessary for
the patrol to have or to establish a radic connection with

the base station. Special measures become necessary in the



10 rel atively-long distances with other partial networks with C sim | ar—= e
paranmeters. Figure 8 illustrates potential mxed forns of scenarios. There
is a connection in the partial networks (MANET 1, 2, 15 3, PRR, Personal
Rol e Radi 0); however, they are spatially separated to such an extent that

t he connection between the partial networks is no | onger possible with the
waveform wused in the MANETs. The two vehicles outside the MANETs can no

| onger be reached fromthe partial netwarks because of 20 the great

di stance. C Figure 9 shows a node 30 of the radi o-transm ssion system
according to the invention. The radi o-transm ssion system conprises the
ad- hoc net wos ke 3df desour digth salbidweveyid ddif fA5udtki eptratiiop €hanaehmB32e, wherei n
each node 30 is connected both to the ad-hoc network 31 and also to the

orientationlncﬂ%ﬁ%%@l%ﬁﬁsIF??Wﬁ%QD&ﬁnﬁVEFydéﬁﬁé&?ﬁﬁntWBFESenteq in Figure 9,

a network  30qf Al @aghel B Fdd S HY QdndRd JffoLpeeRYALERY ,0AgVi a the ad-hoc

network, and a VHS (Very Hi gh Frequency range, 30 MHz to"88 MHz) and/or an

HF radi o dekitem¢tors i hehivlytedy dguaoipre2gd coangativoaliy wétB80 MHz) is

provideq%foEagggga igﬁéion via the orientation channel 32. Comrunication is
n ec

i npl ement ed “0On annel s of the ad-hoc network 31, which are di sposed,

for exanple, in the SHF range of a few GHz via the network 5 radi o device

33, while conmunication is inplenented on the orientation channel 32, which
i s preferablyaBespberal i FPIhe 219 Flay@osshalei #etyesay “heRe short - wave

range or respgeltiyel yedhe Mo range ) s e MR hadi,g-dsvieen If the
orientation channel 32 1s disposed at a | ower "frequency
short radio distances, which must maintain contact over
10 relatively-long distances with other partial networks with

(:f similar parameters.

Figure 8 illustrates potential mixed forms of scenarios.
There is a connection in the partial networks (MANET 1, 2,
15 3, PRR; Personal Role Radio); however, they are spatially
separated to such an extent that the connection between the
partial networks is no longer possible with the waveform
used in the MANETs. The two vehicles ocutside the MANETs can
no longer ke reached from the partial networks because of

20 the great distance.

& Figure 9 shows a node 30 of the radio-transmission system
according to the invention. The radio-transmission system
comprises the ad-hoc network 31 described above and an

25 orientation channel 32, wherein each node 30 is connected
pboth te the ad-hoc network 31 and also to the orientation

channel 32.

In the exemplary embodiment presented in Figure 9, a network
30 radio device 33 is provided for communication via the ad-hoc
network, and a VHS (Very High Frequency range, 30 MHz to 88

MHz) and/or an HF radio device (for the high-frequency



10 by comparison with the ad-hoc network 31,. this generally leads to a™
‘I onger range, so that radi o nodes, which can no |onger be reached via the
ad- hoc network 31, can still comrunicate via the orientation

St

be integrated
20 sof tware conponent.
device to be switched sinply through commands

is not absolutely necessary that the network radi o device

channel

32. 15

33 and the
radi o device 34 for the orientation channel are separated from one another.
On the contrary, the radio device 34 for the orientation channel can

al so

in the network radi o devigg 33 as a hardware conponent or a
Furthernore, it is possible for the network radio
0 in the frequency range of

t he ori ent atdiaoechdngiz ko BHi ¥Hztase, ptbheidadi Hodevermearal st proceisses t he
orientation channel. Wth thk%pdeiiﬁg’ éhe ori entati on channel
Rt Ré u

operat ed onl§'§ PTHSEATdL ok

can. be

25
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no 30 | ongerfasatsxsudeor yn &hewPHENrAGIEeof ce BeWiGHBW ia Hew owewollh such a
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he_.net wor k
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transmtted on the ad-hoc network 31, can be inplenented in a variety of
ways. For exHhpladsss thieteddy tRedtYonele &RCHRANYEE STHHIR MY 5 constel | ati on

agram a”d/ﬁsﬁé&iﬁ;eg_@?th%?ivﬁ@ Eahbe, agg}l_éo,ghe Of 11 f A el PAS a&@%ﬁéez.va

di

the bit-error rate can

channel of ttHee arilkedation channel 32 is disposed at a lower frequency

e inplenenfed. The eval uation device

10 by comparison with the ad-hoc network 31, this generally

[ or of
uates a

(:)

O
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leads to a longer range, so that radio nodes, which can no
longer be reached via the ad-hoc network 31, can still

communicate via the orientation channel 32,

It is not absolutely necessary that the network radio device
33 and the radio device 34 for the orientation channel are
separated from one another. On the contrary, the radio
device 34 for the orientation channel can also be integrated
in the network radio device 33 as a hardware component or a
software component. Furthermore, it is possible for the
network radio device to be switched simply through commands
in the freguency range of the arientation channel. In this
case, the radio device also processes the orientation
channel. With this design, the orientation channel can be

operated only in alternation wifth the useful channel.

An evaluation device 35 constantly evaluates the quality of
the transmission of the data packets via the ad-hoc network
31. If the transmission via the ad-hoc network 31 is no
longer satisfactory, a switching device 36 is switched over
in such a manner that the terminal device 37 no longer

communicates via the network radic device 33, but via the



10 network 31 not occupied with radio traffic in a neaningful manner™by
determ ning the nagnitude and/or type of the interference signals on this
channel . By contrast, -a channel of the ad-hoc network 31 occupied with
radio traffic is neaningfully evaluated by the eval uation device 35 by 15
anal ysing the nessage signals of the data packets transmtted on this
channel. it is also neaningful, if the switching device 36 is operated in
such a manner that the system al so switidhes 20 cyclically to the
orientation channel 32 whenever the evaluation device 35 evaluates the
transm ssion via the ad- hoc network 31 as qualitatively adequate. This has
the advantageotdeticeludd ntpn Hea yooldisoedla tsweint @h@\m@ﬁlt-oTi’/lﬁeeV@ﬂiléﬁﬁéﬂi on

channel 32, _radi o nodes 30_aof_ the network.can 25 det i ne e ot her
node is trgﬁsﬁb?t??ﬁéa ret %&ﬁ(:at%uﬂ?q%§ﬁiﬁ ﬁﬁ%cgegghghngggF%ggéag oc

net wor k 3lonAcReded-3oc oetthsk kind,carineh iedgtiementest dur angatrhetoyeki cal
switchover that it can conmmunicate with the other node via the orientation

channel 32weHdf-t heh DWIE0Ryaids felettate Tpattd B@f arhipdadydds @i ERei s

i sol ated f - hoc into f. d- n r.k s thereby
-naintaiﬂiné8H%%%§%%?%£§i%é?%%%ﬁﬁ%éﬁy?%éﬁgiednﬁggépggge %%W?S %ééé?%gful,if
communi cat bonfadingppement e viand her «f i@t dtiitore rehanmelte32an bk a robust,
that is to, say, eneral ly | ower-val ue nodul ation type, for exanple, low 5
val ue PSK &@Hi@@egﬁ?st keyi ng) or FSK (Frequency Shift Keying), by
conparison with the ad-hoc network 31. It is also neaningful, if an

i nproved error protection is used for comrunication via the orientation
channel 32Thehevhlvdehon device 35 evaluates a channel of the ad-hoc

10 network 31 not occupied with radio traffic in a meaningful
(:) manner by determining the magnitude and/or type of the
interference signals on this channel. By contrast, a charinel -
of the ad-hoc network 31 occcupied with radio traffic is
meaningfully evaluated by the evaluation device 35 by
15 analysing the message signals of the data packets

transmitted on this channel.

Tt is also meaningful, if the switching device 36 is
operated in such a manner that the system also switches

20 cyclically to the orientation channel 32 whenever the
evaluation device 35 evaluates the transmission via the ad-

<:> heoc network 31 as qualitatively adegquate. This has the

advantage that, during the cyclical switchover to the
orientation channel 32, radio nodes 30 of the network can

25 determine whether another node is tfansmitting there, which
can longer be reached via the ad-hoc network 31. A node 30
of this kind, which determines during the cyclical
switchover that it can communicate with the other node via
the orientation channel 32 can then once again feed the data

30 of this node, which is isolated from the ad-hoc network 31,
into the ad-hoc network 31, thereby maintaining

communication with the isolated node.



determ nes a relatively-slower useful data rate than is used 10 for

communi cation via the ad-hoc network 31. A slower data C rate should al so
be used for communi cation via the orientation channel 32 than for

comruni cation via the ad-hoc network 31. For conmunication via the
orientation channel, a higher transnisikon power than for communication via
the ad-'

channel

channel

15 hoc network 31 can optional Iy al so be used. The orientation

can additionally be used in order to request the identity and
position of radi o nodes potentially capable of being integrated into the
MANET. For this 20 purpose, the requesting radio node can transnt a
correlsr)ondl g esgageidprdne of | ehbaid ek tGhannel ieblBrentBdstngl yhef or
exanpl e, _
every secondriéntetibdwi prpnneldi ¥ noidd Garrodwest, r §9psndst 60t RRY, nessage i n

the 25 orientation.channel . cordingly,. it s al p i t identify
radi o devicgg?eﬁﬁ?%ﬁ g%w%%tvéégﬁa%qéyﬁééﬁgﬁ tﬂ%ﬁctﬁgﬁa%?§$gg§'t§8ﬁr di sposal ,
but whi ch regeixertke(riodienird forkahanyelorardke aF relheentyasafift on this

with initiration by the user, or in a cyclical nmanner, for exanple,

again. The use of the orientation channel for this purpose 30 is

parti cul ar | Fe5dnaht ageotRIP ekt 'l s Hie sl oremetored, 3t 1hr 6% des a
relativel y- e d C | .al.s0 .0 KN
infornationggggu@eéggggf%EVi%€§8£ghﬂ%#%ﬁgigﬁnbut iggggﬁé%%a%Segggﬁigor
know edge canmbeniisetdiohovia easpdel drora tfirare ndrainoes Ir 8€ogmintlichn th€&he
invention is not restricted tp the enpl ar odi nent 5 presented. The
o' ont at 1 on SERERALRSEAR BRLTORATT Y~ 41 S ba 36 £ Je o Aol han the 8B%hoc
networ kjoWhicgh LsmRGHLBREdoRSyBa BRI ndriddidbrahanneln. sAbleef dhke

f eatures described above
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rate should alsoc be used for communication via the

orientation channel 32 than for communication via the ad-~hoc
network 31. For communication wvia the orientation channel, a
higher transmission power than for communication via the ad-"

hoc network 31 can optionally also be used.

The orientation channel can additionally be used in order to
request the identity and position of radio nodes potentially
capable of being integrated into the MANET. For this
purpose, the requesting radio node can transmit a
corresponding message to the orientation channel either
singly, for example, with initiation by the user, or in a
cyclical manner, for example, every second. A receiving
radio node can then respond to this message in the
orientation channel. Accordingly, it is also possible to
identify radio devices, which do not have the MANET
functicnality at their disposal, but which receive the
orientation channel and can then transmit on this channel
again. The use of the orientation channel for this purpose
is particularly advantageous, because, as already mentioned,
it provides a relatively-longer range and accordingly, the

MANET can also obtain information about radio devices



can be conbined with one another as required within the framework of the
invention. 10 C 27 Anended clains 1. Radi o-transm ssion system conpri si ng
5 an ad-hoc network (31) with several nodes (30), across which data packets
are transmtted with a predeterm ned waveform an eval uation device (35)
for every node (30), which evaluates the quality of the transm ssion of the
data 10 packets via the ad-hoc netmork2531), and an orientation channel
(32), across which the data packets are transmtted, if the eval uation
device (35), has eval uated the %uality of transm ssion of the data packets

via the ad-HoPGFeWGHWEsisle) 14§ 187GRsal PifadiBryeddenatackeriesedy i P hat

every node {301 ddie fradiner-transaeghoRisystem provides a sw tching
device (36), which also switches the'reception in a cyclical manner between

a 20 frequency of the ad-hoc network (31) and the frequency of the
ori entation,channel

transm ssi o e\ﬁ%f%qéﬁﬁéﬁﬁ%gm%QEWSr%§% %%IEQ gﬁ§:$g3%$€%¥£ag%§¥ %ﬁ%@fgr;hEZS
2. Radi &t rgns4dssd PN 19ES eMaage@idnnghhanel abhh lopt E8RE ATy €51 §680hd My t hat
given channel of the ad-hoc network, which is equipped as a
general hailing channel., ALl of the features described above
can be combined with one another as required within the

framework of the inventiocon.
10



the orientation channel (32) has a relatively-lower transm ssion frequency,
especially within the HF 30 range (10 MHz to 30 MHz) or the VHF range (30
.Mz to 88 MHz), by conparison with the ad-hoc network (31). 28 3.

Radi o-transm ssi on system according to claim1 or 2, characterised in that
the orientation channel (32), provides a relatively nore robust nDduIatlon
type, especially a relatively 5 ,,lower2¥alue PSK (Phase Shift Keying) "or
FSK (Frequency Shift Keying), by conparison with the ad- hoc network (31).

4. Radi o-transm ssion systemaccording to any one of 10 clains 1 to 3, -m
characterised in .that the orientation channel (32) provides a relatively

| ower - val ue pgReidad Y agagpari son with the ad-hoc network (31). 15 5.

Radi o-transm ssi on system according to any one of <clains 1 to 4,
characterised in that the orientation channel (32) provides an inproved 20

netuor k. (300" 6. HRT G T ANORISS o SySrat SOUBrHP Rt o any, one of | dl ai ms
1to5, 35 shar act &y i &Bthdd nlchtadoridng 300 i antat sehe ehBNAGH§ 3230 Py OVi des a
relatively higher transm ssion power by conparison with the ad-
across which data packets are transmitted w1th a
predetermined waveform,
an evaluation device (35) for every node (30),-which
evaluates the quality of the transmission of the data
10 packets via the ad-hoc network (31}, and
(“1 an orientation channel (32), across which the data
- packéts are transmitted, if the evaluation dévice
(35) has evaluated the guality of transmission of the
data packets via the ad-hoc network (31) as
15 unsatisfactory,
characterised in.that
every node (30) of the radio-transmission system
provides a SWitching device (36), which alsc switches
the reception in a cyclical manner bétween a
20 frequency of the ad-hoc network (31) and the
frequency of the orientation channel (32), if the

evaluation device (35) has evaluated the transmisszion

O via the ad-hoc network {31) as qualitatively

satisfactory.

25

2. Radio-transmission system according to claim 1,

characterised in that
the orientation channel (32) has a relativelyFlower
transmission_frequency, gspecially within the HF

30 range (10 MHz to 30 MHz) or the VHF range (30 MHz to

88 MHz), by comparison with the ad-hoc network (31).



hac network (31). 30 7. Radio-transm ssion system according to any one of
clains 1 to 6, characterised in that 29 the evaluation device (35)

eval uates a channel of the ad-hoc network (31), which is not occupied with
radio traffic, by determ ning the magnitude and/or type of interference
signals on the channel. 5 8. Radi o-trangHfi ssion system according to any one
of clains 1 to 7, characterised in that the eval uation device (35)

eval uates a channel of the 10 ad-hoc network (31), which is occupied with
radio traffic, hya@fwwﬁﬁmnﬁmdifm@@nsia@mlrﬁm@ tbecWaia 1pagkefs
transmtted on the channel . Radi o-transm ssion system according to claim
8, 15 characterl%QEFﬁqF??kﬁeqtﬁ?eﬁhﬂquulon device (35) inplenents an

analysis of  the gonstel ol onliagiamandsar obyihesshopah spolsgy ratio

and/ or of fading paraneters and/or o e bit- error rate
Radi o- transnlsS|amaﬁqsnmbusﬂxmndhha}nam(ﬂy@enseBpE@igllychara¢BEmvséQ in that

J a network radio. device r th t.r SSi on_.the orientati.on
channelﬁgnd/ow f®}°W$%'Y%%%%ﬁ$§§ E E %réﬁpgt|85 gﬁﬁnnel. 11.
Rad'O'tran5”153|ODFﬁyéﬁéﬁﬂfKEKEEHbeﬁﬂhg%OYh@“%d%barzson with the ad-

hoc network (31).

-

\

4, ' Radio-transmission system according to any cne of
10 “claims 1 to 3,
(:\ | characterised in that
g the orientation channel {32) provides a relativeiy
lower-value coding by comparison with the ad-hoc

network (31).

15
5. Radio~transmission system according to any one of
claims 1 to 4,
characterised in that _ _
the orientation channel (32) provides an improvéd
20 | error protection and/or a better coding by comparison
with the ad-hoc¢ network (31).
(:> 6. Radio-transmission system according to any one of
c¢laims 1 to 5, |
25 - characterised in that
the orientation channel (32) provides a relatively
higher transmission power by comparison with the ad-
hoc network (31).
30 7. Radio-transmission system according to any one of

claims 1 to 6,

characterised in that



claims 1 to 10, characterised in that 30 every node (30) of the

“radi o-transni ssion system provides a separate transmtter-receiver (34) for

the reception of the orientation channel (32). 30 12. Radio-transni ssion
system according to any one of <clains 1 to 10, characterised in that 5

every node (30) of the radio-transnm ssi®h system .~

provi des a hardware

nodul e or software nodule for the reception of the orientation channel
(32), whichis integrated in a network radio device associated with the
node (30). 10 13.theMet/aodatabnt Hevoper ats Prewd1w@a tddlip-dHaIT S5 @he System
conprising an ad-hoc network (31), across which data packets are
transnitted with?a@ hecfedetEPirnddlhvavehdfin 1anert oeFumi et witiheftagtiicon

channel (32). whareiEhepguaLiLynelshhech s asian gl de daia oacket s

via the ad-hoc network (3 'S eva constan

at a packets

are transmtted \dnaertfheeoreent ghedn ohanhelc{aelif the quality of the 20
transnigsion of the data packets via the ad-hoc network (31) is eval uated

as unsa

isfactory,..-characterised in that, in every node-(30) of the

~radio-trangm ssi g8 YstethsntiB8iFACEPLELEON hScaLEPGWY c;rﬂedabﬁyCl i cal
an

manner 25 between a frequency of the ad-hoc networ
' claims 1 to 7,

characterised in that

k (.31

the evaluation device (35) evaluates a channel of the_

10 ad-hoc network (31), which is occupied with radio

- packets transmitted on the channel.

<j\ traffic, by analysing the message signals of the data

9. Radio-transmission system according to claim 8§,

15 characterised in that

the evaluation device (35) implements an analysis of

the constellation diagram and/or of the signal-noise

ratio and/or of fading parameters and/or of the bit-

error rate.

20
10. Radio-transmission System according to claims 1 to 2,
characterised in that
(;) a network radio device is used for the transmission
| on the orientation channel and/or for the reception
25 of the orientation channel.
1i1. Radio-transmission system according to any one of
claims 1 to 10,
characterised in that
30 every node (30) of the radio-transmission system

provides a separate transmitter-receiver (34) for the

reception of the orientation channel (32).



the frequency of the orientation channel (32), if the evaluation device
- (35) has evaluated the transm ssion via the ad-hoc network (31) as
qualitatively satisfactory. 30 14. Method according to claim 13,
characterised in that, 31 the orientati on channel (32) is operated with a
relativel y-I ower transn155|on frequencyyy especially wthin the HF range (10
MHz - 30 WHz) or the VHF range (30 WHz to 88 MHz), by conparison with the
ad- 5 hoc network (31) . 15. Method according to claim 13 or 14,
characterised in that the orientation channel (32) is operated with a 10
relatively | ower-val ue nodul ation type, especially PSK (Phase Shift Keying)
or FSK (FreégquencRraShiftraemingionbyysoapaadcsmmiing td hmyadneoofnet wor k
(31). 16. Method accordin any one of clains 13 to 15, 15 characteri sed
in that the . ori eftatPénl cﬁanﬁQr (32) is operated with an inproved error
protection by cogmg&hQQQIWEEQ thetade hoc network (31). 20 17. Method
according to any one of clains 13 to 16, characterised in that the
orientadi on chanrglerg32pdes ﬁ@éraﬁeﬁhanrhdaoftran$mﬂ$ﬁlqnﬂ%ysﬂmwwﬂ data rate
by conpari son mnt@o%q esad_Rg%dggggo&gdgfé)OrZgbftware module for the

reception of the orientation channel (32}, which is

integrated in a network radio device associated with

the node (30}).

10

~13. - Method for the operation of a radio-transmission

system comprising an ad-hoc network (31), across
which data packets are transmitted with a
predetermined waveform, and
15 with an orientation channel (32),
wherein the quality of the transmission of the data
packets via the ad-hoc network (31} is evaluated
constantly, and the data packets are transmitted via
the orientation channel (32), 1f the gquality of the
20 transmission of the data packets via the ad-hoc
network (31} is evaluated as unsatisfactory,
characterised in that,
(:) in every node (30} cof the radio-transmission system,
| the reception is also switched in a cyclical manner
25 between a freguency of the ad-hoc network (31) and
the freguency of the orientation channel (32), if the
evaluation device (35) has evaluated the transmission
via the ad-hoc network (31) as qualitatively
satisfactory.
30
14. Method according to claim 13,

characterised in that,



requesting the

18. Method according to any one of clainms 13 to 17, characterised in that

"the orientation channel (31) is operated with a relatively higher

transm ssi on power by conparison 30 with the ad-hoc network (32). 19.

Met hod according to any one of clains 13 to 18, 32 characterised in that a
channel of the ad-hoc network (31), whixlh is not occupied with radio
traffic, is evaluated by determ ning the magnitude and/or type of
interference 5 signals on the channel..: 20. Method according to any one of
clains 13 to 19, thehardeheetsed chanhal a3Thaimelpenfattchie wadhhac net wor k

31), which is 10.ocgupied - with radio traffic, is evaluated h anal ysin
(he) eanhon & gnardaci vRnE naver Lottt {84 Cre iy Brrocehttag) - 3 |0

Met hod accordi ngyti@nghaicAk2Ar »dRgEhat @Olges i seth iy An Anahwsivgrof the
constell ation diagram and/or the "“signal-noise ratio and/or fading

par anet ers and/ orangie (B0t Mder be 8&tMHz R0 2P comaisd ac oditdi fget édany one of
claims 13 to 21,, ¢ch %%%Eekigsg in that the orientation channel is used_ for

P? i entlgy Lk et work node and for requesting its
position. 25 23. Method according to claim 22,

15, Method according to claim 13 or 14,
charactérised in that
the orientation channel (32) is operated with a
10 relatively lower—valde medulation type, especially
(:f PSK (Phase Shift Keying) or FSK (Frequency Shift

Keying), by comparison with the ad-hoc network (31).-

16. Method according to any one of claims 13 to 15,
15 characterised in that |
the orientation channel (32) is operated with an
improved error protecticon by comparison with the ad-

hoc network (31i).

20 17. Method according to any one of claims 13 to 16,

characterised in that

the orientation channel (32) is operated with a.

L) relatively slower data rate by comparison with the
g

ad-hoc network (31).

25
18. Method according to any one of claims 13 to 17,
' characterised in that
the orientation channel (31) is operated with a
relatively higher transmission power by comparison

30 with the ad-hoc network (32).

19. Method according to any cone of claims 13 to 18,



characterised in that this request is inplenented either singly, with
i.nitiation by the user, or in a cyclical manner, 30 controlled by the node.

®
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20.

21.

22.

23.

32

characterised in that

a channel of the ad-hoc network (31), which is not
occupied with radio traffic, is evaluated by
détermining the magnitude and/or type of interference

signals on the channel. «

Method according to any one of claims 13 to 19,
characterised in that

a channel of the ad-hoc network (31), which is
occupied with radio traffic, is evaluated by
analysing the message signals. of the.data rackets

transmitted on the channel.

Method according to claim 20,

characterised by

an analysis of the constellation diagram and/or the
signal-noise ratio and/or fading parameters and/or

the bit—-error rate.

Method according to any cne of claims 13 to 21,
characterised in that

the orientation channel is used for requesting the
identity of a network node and for reguesting its

position.

Method according to claim 22,

characterised in that

this request is implemented either singly, with
initiation by the user, or in a cyclical manner,

controlled by the node.



