1 Translation International Patent Application No.

PCT/ EP2007/ 003183 Radi o-transm ssion system and correspondi ng
met hod of 5 operation The invention relates to a

radi o-transm ssi on system and a correspondi ng net hod of
operation. 10 Modern radi o- network concepts, such as
network-centric warfare concepts, provide information in an
appropriate form and w thout tine delay wherever this

i nf oFmanedaties required. Communi cations system suitable for

this [pose. ar | r eady, t he. subj ect. of i prent al
wor K IBTE28RFi Bk FRERRT R S Mot TR0 /BT

i ncluding, for exanple, good nobility, maximum possible
inter-operability (for exanple, also with civilian_authorities

( BOSRpdipr5rapaneseionf sY$em And reer xafnaadingy methcde Péss, PSTN,
| $DN,, EéytiwﬁN [/ radio/directional 20 radi o network,

IR civilian), universal availability, information

transm ssion in conjunction with reconnai ssance/ gui dance/ effect,
posit'on,regort, position displﬁyd friend-foe identification,
sensdrCdafdenF hageEStPoR? WP A teA QRIS TIEES oy SYRCRY, 28598 |

shor t-o¥288p688:inQt REEHSD P KLV s . ad-hoc nobil e networking
(MANET) and i ndependence froman infrastructure. The type of

comuni cation from highly-nobile network participants, such as
hgctheal 1 Q0BT .| Sl 06k €ASA DAL Ys | %Qm%“th el 9, G1ande ; The
appl ication "Secure speech cornection”, Hhat 1's "t o say, ‘speech
codecvaaitd reesbataptsf opPovide information in an appropriate form
~and without time delay wherever this informaticen iz
required. Communications system suitable for this purpose
- are already the subject of iht@dsive developmental work.’

15 Stringent requirements are placed on such systems,
including, for example, good mobility, maximum-possible
inter-operability (for example, also with givilian
authorities (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, position

=

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 subiject to change. The application “secure speech

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



potential interference sources, was fornerly the al nost

exclusive priority. Nowadays, alongside the requirenents of

tel ephony, there is 5 an increasing requirenment for a networking
of different communication parthcipants with persona

avai lability. This type of networking requires inter-operability
of the communications technologies and integration of networks

to pheEAt CQIDI NEdh By 8L 8l . s Ao, hRAS RS 1t ek- QRELARI 11 tY,
the use of Internet protocols, e.g. TCP/IP, i's required for

net asckbagveapuioebhyuni 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-STD 188-220 B. This

st andardagpecaiorgside tiowerepriotocoltd exelts fephoay,i Aheke is
operability of tactical radio devices. Tactical radio is
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up to 9.6 kbit/s.” The use of stan I nternet protoc or the
r ealtiypat pénnefwadkhog reqbl fes nettwor-idoey (OMANER) ofn titel i tary
radi_o_comunications . woul d. provi de. rapi.d and cost-favourabl e
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Moi tthgmapdmbasear g sgéys bandw dths in the Mz range. They cannot
t herefore be used in radio channels limted to a bandwi dth of
1Bnly 25 kHz. Radio devices with this bandw dth have so far not

beemoysedaiBnthert agtbrabpdish h Uy, t A e LOMAY L 3Qlevel . 3

protocols, e.g. TCP/IP, is required for networking data -~
communication beyond the various networks. The radio
technology can be Tealised in a narrow bkand, for example, -
15 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 radic 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 scluticn. However,
25 this requires data rates in the range of Mbit/s and
accordingly bandwidths in the MHz range. They cannot
therefore pe used in radio channels limited teo 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.



Radi o devices with fast data rates and therefore broad signal

bandwi dt hs are subject to the following restrictions wth 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 dn effective use, a

rel ativel y-hi gher frequency range (225 MHz to 400 WMHz, but also
above is_advisable However, the range of radio
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extent.” An eight- fold transm ssion power onl | es the range.
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Howeyer; the_ran falls t hj.n i,ncreasin ban dth.. 15
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with the use of relatively-sinpler nodul ati on nmethods. The
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depends very heavily upon the range. This in turn is dependent
upon the frequency range, the necessary signal 4

The required bandwidth is proportional to the desired data

rate. Howevefr, the range falls within increasing bandwidth.
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 brcad bandwidths generally

necessitate relatively~higher transmission frequencies -

because, for example, the tactical frequency range from 30
200 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 inte 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 comparison with the use

of relatively-simpler mcdulation 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-



noise ratio, the data rate or respectively signal bandw dth and
the transm ssion power. Docunents DE 196 51 593 Al and DE 198 07
931 Al relate to an 5 optim sation of these paraneters.

Br oadband radi o devices for fast ,data rates are certainly the

i deal solution for networked conmuni cati on. However, their radio
range is limted. Radio devices wth 25 kHz 10 channels are

characteri.ged, by djymd rafes Qﬁg d,r
nndhlg%?o%gne?hoags %r tfﬁé&r%%séﬁﬁit eﬁkg'e%ﬁﬁﬁ%ﬂsgéﬁgﬁg ghfor
t actindakheseraddui s s boal pywef or secure radio tel ephony, they can
be incorporated in current and future data networks with

| P-supporting protocols such as 15 the M L-STD 188-220 B
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support applications based on the Internet protocol IF, can be

pealpsedigpthonhef Mhe STPABBUEREL B st andard. 20 Accordingly, the
traditional tactical radio can be expanded for the digital
battlefield network, as illustrated in Figure 1. The conbi ned
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I nternet/intranet comruni cation via different transm ssion
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5 Wire-bound networks and gqu Si - tationare%iradi net wor ks
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indispensable for tactical use. Additionally, for secure
radio telephony, they can be incorporated in current and

" future data networks with IP-supporting protocols such as '

15 the MIL-STD-188-220 B.

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

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

Figure 1.

The compined 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 corganises radio communication for land-
based units. All systems 1 to 3 are incorporated in the

30 MANET ad-hoc network 4.



differ considerably in their properties fromnobile tactical
radi o networks. Traditionally-used tactical radio devices 5
currently provide data rates up to a maxi numof 16 kbit/s. Up to
72 kbit/s are supported by the recently-marketed generation of
radi o devices. Radio devices for tactical radio with data rates
in the 10 order of magnitude of Mit/s are currently under
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satisfactory so tron only I nh exceptliona because they
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nmodern broadband radi o devices by the properties described
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quakipt ¥, 120 Fonyentional Ly, and @) 89 41 Lhidh e Liageaark of the

preseént ~ applrcation ermu egmgbr the radio
si gaaheratibea afrradi@n@@vﬂ@eﬁhe nodul ation type, data rate and
optionally the frequency-hop sequence or spreading code, 25 it

al so contains, for exanple, coding and encryption, and, in the

case o JTBEGR BeFEEDPIE, -l 591 PEAL 050} Seh |dh fIDhidie 1136, chie
quality and therefore the capacity of the radio channels depends

1Qporrdee eépohogytutdhecpr¥pitls esrofcudtentiy turdexi n and t he
o SLansagha-be PEAERGR plin grans L ntd e i g shle ghanne
radisatde¥he®ory solution -only -in exceptional cases, because”
they operate exclusively at a predetermined frequency. The
substantial disadvantage of this solutiod is that it is not -
15 protected, for example, against targeted interference.
Further disadvantages cof a single-channel system are avoided
in future, modern breoadband radio devices by the properties
described below, such as adapting the waveform to the
varying channel quality.
20
Conventicnally, and also within the framework of the present
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 mcbile use, the quality and therefore the capacity of the
radio channels depends upon the topolcgy, the properties of

30 the terrain and the distances to be bridged.



of, for exanple, 2 Mit/s and that of a narrow band radio device
of a few kbit/s. Furthernore, the properties of the 5 radio
channel s are characterised by physical marginal conditions, such
as: attenuation, reflection, refraction, diffraction and Doppl er
shift. These lead to reception interference, nulti-path 10
propagation, frequency-selective and tinme-variant fading. The

pr opefitsy H@fantshehaedltgecgaa@%bpa ahigcted-dyadhe, | ald &fary S
substantially the signal quality, which is described by °the
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these tenporary, potentral restrictions on chann capacit'y and
qualditif raeshileri mgdf Poprihe sbbifkity of the radio networks and
their physical properties, several neasures needs to be 25
investigated and realised in future networks. As disclosed in the

not -ieedd ausidy tpublicepedodocHaBREDEndd, RY06i 00108 A, nodern
radi o-transm ssi on systens are conceived in such manner that

IOheyw rongaddpond fagapeneEryeL 8CBOVe hangi e cenaians i renel y
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relatively-hi ensity o
nutL%ﬂI%uhahanmuaﬁﬂm nyer adgoal gdelites @tishors <kstmariess.byFor
honqg$nous %QH%lg%t%%%gg, Ehe signal distcrtion 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, potential 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 10
2005 030 108 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



this kind, adapted nobile ad-hoc networks with appropriate
routing nmethods provide an appropriate solution for a conplete
avai lability of all network participants. 5 However, situations
are al so possible, in which one er a - snmall nunber of radio nodes
must be connected to a central radio station over a |ong

di stance. A further scenario, which represents a m d-point

bet ween ckhe 18Xt hEPESMBRLA RS, pdP ﬂ&n%éqya&edfawaﬁ%woﬁs%tfh

relatively-low density and average radi o distances. Transitional
f or mbibbekiodn tHepecedsuehnate ozdvidd radtsoies possi Biperdooriate
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relatively |longer distances. |If radio devices are operated with
Past transni ssion speeds, the resulting bandw dth required | eads

to gonsiderahly, 20, pest 5&@&95&;8@59 {@hges; l%‘@{)ién% lt%.e’a if a
networK participant noves to a |s?ance out s de t e radi 6 range
of shifad lonhebemebfiorkdpar hodepantst bhé avidedirecexal wdednftiram
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" exginuded reRelwehk spar kit 6-panh t CoANRE e HeNed alid dr drRSS M tliRBed,
radi o connection by unilateral neans. It is necessary for the
IPadiie $Hyrsvésedt BYhAgEWPHESE elfehE et balk i eshonthvhFenfddhamingns in
suc . .Radi.qzt sM $s5LOD; SYS acgondi 0 0 2005
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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 cutside 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 radioc systems to have implemented corresponding

mechanisms in such cases.

30 Radio-transmission systems according to DE 10 2005 030 1C8
Al are specially adapted for high-mobility, flexible use in

different scenarios. Radio systems conceived in this manner



8 are characterised by a highly-devel oped adaptability, which
allows the systemto adapt to radio channels with extrenely

vari ed channel qualities. However, DE 10 2005 030 108 Al does
not describe how the radio syste achi eve the object 5 of

mai ntai ning the required radi o connections and neasuring the
channel quality. The present invention is based upon the object
of prviy - adlont.r an Ml on
T A e e S
or mﬂu@Malmheadyetemnnecadmps umttadhelahamnum&emﬂuﬁ|axt§enwhwch
are require ionnunlcate nessages via one or nore radlo node.
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transm ssion system according to claim13. The dependent = cl ai ns
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An el t of the invention is described below wth
refgﬁénéggpﬁeﬁggggln% ngs. The drawings are as follows: Figure 1

shows an exanple of a digital battlefield 25 network; Figure 2
shows a bl ock-circuit diagramof a |ayer- structure of t he
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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 mores 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 of the

invention.
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



9 Figure 4 shows honpbgenous MANETs with short distance

variants; 5 Figure 5 shows the overstretching of radi o distances
in MANETs; Figure 6 shows the scenario of house-to-house
fighting; 10 Figure 7 shows a | ong-di stance connection; Figure 8
shows transitional forns of highly-dynam c scenarios; and 15
Figure 9 shows an exenpl ary enbodi nent of the configuration of a
node of the radio- transm ssion system according to the
invention. Wth regard to the problemof the tinme-variant quality
and FRumwaphci t ysbbws adomogdamne | MANEIE 10 203h (330 diG8 aAke

proposes a package.co sisting of three solutions: - optimsation
of the quality and*t3patity of the individual radio |inks; 25 -
adapted and optim sed routing; - selection of appropriate

applications and/or adaptation of applications. For this

pur posaure He apppbach biee oP WP oL OE D FDOHRAAI0 dizdangg sAin
provi des a subdiﬁhﬁﬁ@g,of t asks between the divisions of
classical radio technofogy (layers 1 and 2 of the 1SO OSI |ayer
nodel ) and network technol ogy (layer 3 and above) with 10 a
co-operation between the two divjsions, as illustrated in_ Figure
2. A9HERrt ace I0°VACTRESSARRTRY HEF dirHTs ) Fewpred 19RGdnT/
optionally control data can be exchanged, is provided between

t hese divisions, wherein the control data are
10  Figure 7 shows a long-distance connection;

Figure 8 shows transitional forms of highly-dynamic

scerarios; and

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

transmission system according to the invention.

With regard tco 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 the gquality and capacity of the individual
radic 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 ISO/0SI

layer model) and network technelogy (layer 3 and above) with



5 generated as a response to the quality features exchanged.
Below the interface 10, that is to say, in the classical radio
division, in block 11 of layer 1, steps (phys/QC) nust be taken
to anal yse the radio channel, to establish 10 correspondi ng
quality features, and to match the radio channels to the
respective topographical situation through adaptive neasures. In
the follow ng section, with reference to 'the quality of 15

ser \d@ ce-tekimded ohobetheenetier kw¢ QdSyi sidves r ed evidtusuad tietdy in

features are described as e Quality of Channel ((QoQC)._The are
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channel access (e.g. Link Managenent, Sl ot l'tipl exing) and
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functional blocks 12 25 (MAC QoC) of layer 2. The priority of the

packets can be established either in a service-specific and/or
user2e BB GG dotefiere Fhi sthetal 8o P npteneht dd'§ i ¥aiiiGednal

bl oclgdidy (MYFR),- 130pABRYe 11 her QdEyer @S s f 8ag, dbod)hat is
to say, in the network division, means nust be found to adapt
t he MuUst demhakegatticoanad yshetpropedid eshafine he thasiaiksl itsd: be
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according to priorit MAC/ QoC
adapéﬁve Leasuresx ( Q@ )

In the following section, with reference to the quality of

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

Additional functions (MAC/QoC) must be provided for the

20 control of channel access (e.g. Link Management, Slot
Multiplexing) and data flow dependent upon thé current
channel quality and the priority cf 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 Above the QoC - Qo8 interface 10, that is to say, in the

network division, means must be found to adapt the



- adapted queuing (MAC-QCQC), that is to say, formation of queues
dependent upon priority; - support of the MANET functions

(QS/ QC Routing Support), 10 for exanple, through: - range
calculation using digitised cards - connection anal ysis using
exchanged position coordinates qjiconnection prognoses using

vel ocity vectors of 15 the objects containing radio stations -

determ nation of the quality features for the individual |inks
t hr eugiind e #ad0 tdevhnees rop @@rtl;ﬁb@go@f -RBt BhatRLiti €5 he &&?d
routln tables - conversion of QC values into the Q

val ues rﬁhqnﬁ%ﬁkﬁﬂﬁﬂﬁeo@ft@hEPefQﬁ@twéhaeﬁty (mat chi ng to

TCP/UDP) - notification of the user regarding the avail abl e

channel quality and capacity (QS/ QC Tailoring) and display of
avai Treb| o 1Sleywiiree snea sadapt, aEIanleamme i gaktops &Qophed avai | abl e
chanpel 25 %Eallty and capacity ( ggc Tai | oring) reactions
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In uhc a | ock

i npl enented at the |level of the application tion
16 (QoSiqpedaiueoring)(MABG Qo) or dentt dscoor dapat Eothet hemsof es
above and b nterface the QC and QoS parameters

nustq%ﬁy?&u)%ﬁfqgﬁﬁ% ﬁglgﬁé%ﬁér This is al so necessary in
order #gpEeii ey the IMNEGIH fluhahsibhisongbelpeenrRbadi Ay NeLywskiS) And

1\/3 ref(g)n(:)uengample, through:
- range calculation using digitised cards
-~ connecticon analysis using exchanged position
coordinates
- connection prognoses using velocity vectors of
15 the objects containing radio stations
- determination of the quality features for the
individual links through the radio devices
- marking of path gualities in the routing tables
- conversion of the QoC wvalues into the QoS walues and
20 adaptation to IP functionality (matching to TCP/UDP)
- notification of the user regarding the avaiiable 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 applicatiocn in
functional block 16 {(QoS/QoC Tailoring).
30

In order to coordinate the measures above and below the

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



networks, that is to say, so that the service features (QoS
mechani sns) defined for the wire-bound networks are also 5

i npl enented in radi o networks. The channel access (Medi um Access,
MAC); the MANET routing in functibonal block 14 of |ayer 3; the
transport protocols TCP/UDP, in mhlch the data in functional

bl ock 15 of layer 4 10 are converted; and the applications in

| ayerse 5 4k ar %@' | ;satfiget ﬁg égg@ F.HgJJYdelt:h@o @%@% MRppi ng

nmust be expanded by neans of drtio functions ISTsS
|npl&mmﬁtﬁxtnansatkanbemwnah bbdmb 18t QOIS Qo - wﬁh@agammmt) For
this se f ct.i onal bl ock ? is connected via further

| nt Y 170 50 588" GRoLPBRarhD] SekELas Fastishes 16958 The

f UnCrﬁééHth_fan}e dedin@dl IFRRS Whes 'wQEeSbSéhﬁ(Eﬂ hé’c#éivk@t gfeifms&igure
2 can therefore be explained as foll ows:

Padi Ttk FeHisshiigh ragscemehaorkever al proceSS|ng | ayers for the
transfer of data packets between various radio devices in a
radi o channel and conprises several functional wunits and one
contTind ahdrtnelA fdaests f(iectinonakcankl MAC) s thecHANBBArdwt Bng
phyS|c radi o- tr&)snls ion | yer and 25 analgses the radio

chaan%I P O Ot dtniCfe F‘H@rqéal FRG THROPRRTT JF ot eFahel

QoC. rp AgSIONG: unﬁtdrprtaﬂe wail 12 iranbeeshhsedi bpkal dasa- §£§@fl4y
| ayer and control s access to the radi o channel, dependent

Whor ¥ ecanireiind iqudld tofeoPPRd CRAdPBSchanhavedC and] core r@lls

t he ,p e t e e

uporttHE i s BRtRS, RIREC D eRanr RLRE 088 of nERERGR

pack@ysmedhsrnfchdduuﬂnn@ﬂaﬁpnnmuomé |$hhecabl$mﬁlemenae@eimnmk

lay€£u§%¥ké§gtr ocﬁiy% (%%%VE%SOt &ggaggﬁgnt). For this
purpose, functicnal block 13 is connected via further

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

The function of the radio-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 zand 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 ﬁo determine the gquality

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 quality of the radioc channel QoC, and

controls the priocrity of the data packets to be transmitted

dependent upon the quality QoS of the service realised by



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 QoS realised by the data packets
corresponds adequately with the ﬁgality of the radio channel QC
specified in the first functional "unit 11, that is to 10 say, if
a mninumquality of the radio channel QCis present for the

qualidy ofed heaery.ce %msegﬁmghxl SRLVI ¢ Igawﬁleg% g{n

the application. The control unit 13 1s connected to

fundd irortatorklZ aysirt abtl apdtrolshéhsecontdifignofi thal damat 12 via a
first interface 10 and to the third functional unit 14 via a
secdftfkStt%er f ace 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
dni tA 1BIsREtimateheongard pasketls rateagegothespanai packetahsport

pr ot I r | e, / -cont unjt 13 specifies
Phe 557 rialiiing HATRgR: o 'cHbre, 2Ot OnRhs TheotRe BE G he
qual qual pfy tdfe ey setwriceegbiSsedaby stlebdatRepagket sacesS.and t he

quality of the radio channel QC specified in the first
func??%%ﬁﬁPQHﬂ% %é%q%%%flébﬁFFBI§h?h8u96ﬁF¥h°FuEE?iBﬁ%}ouﬁ?%nnel

accopslt el SQdTNG: GeR! FalrsWnicinldibsapr ghetably conpecied,via a
fourth interface 19 to a fifth functional unit 16 in an
Wopl $awt i oh A4ninigpey quel itlye ofathepasképscharnebud@gis hr ough

the thisd,. fanethenal, unid, 14 GAOnaL be relgased,.a. s gsponding

- service feature QoS cf 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
200 a third intexrface 18 to a fourth functional unit 15 in a

transport layer. The fourth functional unit 15 converts the

data packets into a corresponding transport prctecsl, 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
radioc 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 functiconal unit 16 in an application



notification is preferably sent to the user fromthe fifth
functional unit 16. 5 In this context, the control unit 13
controls the third functional unit 14 in such a manner that it
ensures through appropriate routyijng the availability of the
transm ssion capacity of the radi'o channel necessary for the
respective 10 quality of the service QS realised by the data
pack T t j liy. C e t ket s
epentint Ubor the Br] on Ty Teai T ad by Phe eoaPRy y i e B8 The
ser vigect eahd sachriesphbatanmalty by neleadatia packetrsspibdEoll owi ng

this he. third functional .unit | ontrolled t i ement _t he
rout?ﬂélg?c? %P%k&%i&ﬁﬁééﬁ%ﬁ%%]%Wﬁ%ﬁﬁbﬁﬁgneégr %ﬁ@mggh?rgF%EHit
13 cainagt senanpheients a prognosis of the quality of the radio
channel developing in future on the 20 basis of determ ned
v®l ocity vectors of the noving radio devices. In summary,
accordipg.to | ut,i .20
cont?ﬁugﬁégd% Q?%?ﬁhﬁﬁkﬁqﬁﬁ%ﬂﬁgs%ﬁPﬁlg?t%§95%§§Fo€h§5E§§Fﬁs) of
t he fAetwot&nd MANET) ,14hirchsuch reequinmed ithatohitl engseesi shrough
supported by intelligent procedures. .The radio _channels are
et RBREBYE Lelspt FORE Ml & 4 (AR iddpadt e tESPSBLashPEal
Si tuahpQR;t ANFr t fige r SPRStdntgh fdiamiele GARJCIFbY t8ad rgupbi-ty-of
the individual radio paths are recorded and 30 taken into
tOnsidatatvonli Bhe heetvigs pind wfalifedd&tva theckets. pasketewever ,
with this approach of DE 10 2005 030 108 Al, radio connections
can be maintained only over limted radio

- The control unit 13 preferably zcorits 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
quality 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 03¢ 108
Al, the continuous determination of possible paths (radio

25 paths}) of the network (MANET), which is required in mobile
use, 1s 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 consideration in the transport of the data

packets.



di stances. In scenarios, in which |arger radi o distances nust be
bridged, additional neasures are required. These 5 neasures w ||
be descri bed bel ow. The range of radio systens in
ground-to-ground connections isidetermned by the follow ng
paraneters. It is shorter, the higher the useful frequency is.

It is shorter, the 10 faster the data rate or the broader the

usefplyhandwididy ithi scagh 6a%8, o pkheghbabsr otherygl ae, ofsghe
nodul ati on type used. is longer, the greater the transm ssion
powerenrgctiony cregelbe madntiaghed théyvanvenndigated fradis | onger,
the . higher the ante .base.., 15 l.n, stationary  operatjng node,

t he C%Jhsrtgaen st elrnadgicoe%%%épg’ﬁetlgr g}]lﬁgnela:f/‘g?ﬁeréﬂf’gnﬂést@?@ﬁ , the
ant enst g&d inifed, heddianismads neaspevwer aeanrbgui ped easiedsés n
order to bridge . |l onger radio distances. In nobile operations,

thi S"¢&SWigher! Do benpessingbedoregsysi bl e only to a very linited
extent without the technically and operationally very
guestionabl e use of airborne relay stations such as un-nanned

ai r cTia# trandgmldoorgiichelvisceptseris grounBetotbrsunéasompeat sahsit i on

nmust, be found for il erations, which al allows radio 25
et et Sy TR oSk b aerala g pawiEr SrsrESEr iy
powethe f1of gresxargl € u g8 IpaFFkSuehe vdeker ntnest BRoehanger wé

channel quality and to respond to the overstretching of radio

@ stemelerr B TRt Hatfeloqddie By cedrrhEher BEREWL chaRdwidER| in by
ana y2tigea dd1e adi thamel dizeda 110l 8£0ALYRLELPARIB8 type
npl enent e both in a channel without radio traffic and SO in
an 1é&sed. It is longer, the greater the transmission power. It
is longer, the higher the antenna gain. It is longer, the
higher the antenna base.
15
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
20 impossible or possible only to a very limited extent without
the technically and operatiocnally very questicnable use of
airborne relay stations such as un-manned aircraft,
ballcons, helicopters etc. For this reason, a solution must
be found for mecbile operations, which also alleows radio
25 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.

30 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



occupi ed channel. In the first case, the magnitude and type of
interference signals can be determ ned and recorded; in the
second case, the nessage signals are anal ysed. Since known
techni cal parameters such as the nodul ation type, data 5 rate
etc. are involved, the analysis @i the channel can be
inplenmented in a very detailed manner with regard to quality
criteria such as signal-noise ratio, fading paraneters, bit-

err ofcdiddidnthamean. 19 e diradi eanedetnkl hagepenas | yndregst ve
signals fromseveral rempte stations, these quality 10 features
can He HITARENTD HRIFdicHdkE dpaarBiardt aRdesecoFddin the

combineds Nt prds s Wt o Bics s feh%qggg% s%ar@hsad Ysingsifie, si gnal

field strength, iInferences c rawn 'regarding the distance
of HﬁbwmmteqhnﬁqaknnﬁnaM$tarB tshehcesr dhratredudbitibe sypes ditd he

&9d|o nodes are also(ﬁ¢ d durln .het F ﬁratifn tqb
st hhces” can BE cat% d PR&Y ﬁlP th aRget hean be
ass ol @fbn et ess al Wd’r@ﬁldét@a_ﬂ.@ﬂieh@hﬁe@aﬂl bB deyera pedabylity

means of terrain maps and propagati on nodels. 20 Mbdern broadband
r adi ®F HeYF 2 sS4 12 UsE Wetla NodsEs r'@fice 4adiBg RAFEEEEeRnd bit-

ther gfpoe handwlh s, ofn Sesical aMi%dlgoflod_éeMFﬁ_i‘l gieasansy | hi s

transmssion will be inplenented in ative uency
rangescefos imgnqﬁ&afmumlﬁavaﬁai Zﬁmpaagetetianﬁemthamdr@mah&tyor
|st ich

P, Gogattred Al nd A e 20 B3GR SuANEE nhfLGaratnttes

condiri tiohs, thd d@mybdred ldgtirdk.to a few hundred netres.
Requirenents for bridging a range of a fewtens of kilonetres in
this frequency band can 30 al so be achieved only with very narrow

userybandwh df hse ¥od, 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 brecadband radio devices will use data rates up to a
few Mbits/s and therefore bandwidths of several MHz. For
several reasons, this transmission will be implemented in
relatively-higher frequency ranges, for example, within the

25 range of a few hundred MHz or up the GHz range. However, the
radic distance, which can be bridged in this manner, is
quite short. Under unfavourable conditions, 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.



relay stations |located at a high altitude. 17 |If the channel
quality changes, it is possible to react to such changes on the
basis of the given analysis results through an adaptation of the
radi o paraneters, for exanple, Ry adapting the signal bandw dth
and the associated data 5 rate or by a change of nodul ation type
or coding. As a result of distributing the channel information

W thin the cHetiner kjusMery didiged)ode canpsekestct b radie to
pararreters optlrrumfor conmmuni cati on Wltﬁa artner in

par t el aghanges (Jie Psitadis off tthF?eGrléIGFloaﬁ@éI@@lér seaddr&i onal | y

kno 0 a es

S e e e e e e S
selebYeddéptdm@|wm&ysfgqﬁkﬂbandmymthfm@@ueneyaseothetedrﬁEﬂh radi o
di stance i s exhausted. 15 In is.case, as illustrated above, the

er TRFRQUENRY & aQﬁﬁuﬂﬁ(ﬂqg 10 L¥BRs PdeFRBILYIF ofkEr 2 Wt h

conveatiopabs di@@ﬁi&ﬁilﬁ%@& meheds., J.fn(fbr%é%%het«u%EH @hgseful
bandwi dth of 25 kHz in the VHF range from 30 - 88

depeﬁ@léﬂ@rkup@r\emerat@rcr digtle rcad @erlae@gesth@prtadla p@wamehsraf 20

kilo . D ggﬁ: e F r.an

bandéFg ﬁs 0 f§§$%gé§ Ji;g%ﬁﬁél F%E%gEé égng ?ﬁ%ﬁé lf
thatthenpexiti@méoms1ﬂmenxknngekxkﬁdmmeramg&slohélnpeknadnobgode
I i sposed, at a current radi o distance, 25 which can |onger be

di s
Bfidﬁéghﬁf?hngﬁ%o%ﬁi Brifiused even after adaptation, as a | ast

resort, according to the invention, there remains only a use of
a narrow band nethod in a relatlvely | ower frequency range, that
i s t8ogaysra bkese eedidihg i whadaeseditilon lef thesadanrpedlity

Or'eBEaEBanaveform used at the selected (relatively-higher)
user frequency to the current radio 'distance is exhausted.

15 1In this case, as illustrated above, the user frequency and
bandwidth must be considerably lower. With conventional,
tactical radio methods, for example, with a useful bandwidth
of 25 kHz in the VHF range from 30 - 88 MHz and dependent
upcn the terrain, radlo ranges up to a few tens of

20 kilometres can be bridged. The use of the HF range with
bandwidths of, for example, 3 kHz, which are conventional in

that context, allcws ewven longer radio ranges.

If the radio node is disposed at a current radio distance,

25 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 use
according to the invention of a so-called orientation

30 channel. The bandwidth and frequency range of this method
are orientated according to the maximum-expected radio

distances 1in the respective usage scenarios. Since the time



30 channel. The bandw dth and frequency range of this nethod are
orientated according to the maxi num expected radio distances in
the respective usage scenarios. Since the tinme 18 of the
overstretching of the radio distagces cannot be predicted a
priori, the radi o nodes should preferably be continuously ready
to receive signals of this kind. As an alternative, if the

chanpel ¢ iualdd ¥ d e deraWy otfhlt%eSrgah%ns%tgﬁcegaeglﬁﬁo@%%d be
al l ocated by negotiation within the network to that radi o node,

whi chrgdidtedia praidvigh ther slaaliiol mpgdeSn@hDuhgeprbéeawlalYam e.

Co hin th b
ol SRR by T, RER <Y BifpblS AT YRGS it Rae w11

t hena Tosramt ©as e k0 t\Hea dhhinsieQr ig@atationschaosngl . thesor di ngly,
the radio nodes nust be read% to receive the orientation channel

onl yoT R IR L QY et Rt 6 Do endld oradre R¥deeIar eahbom ot in

avai I NS S| a t dat rate in
t he £§% ﬁ%%M%§?3%%E§“§% Th|§§?§§%|2§§sggowﬁggelvgéﬁan e reallsed

in dpt¢bﬂmﬁﬁlW%ﬂmno E&ngﬂﬂﬂha solaitliabds . |ﬁommd31CHEL®nIWDmhnghls

yclic tchi of th o.,node.to.receive a or | ent atlon
S|gn%?g%n%¥% 1 !ﬁ%(ﬂetw%f gﬁ tP&@eP$eﬁmPgeW885F§evéﬂ

ori ephahh®n; Sﬁlg@a{o-&%rﬁ;jtdj—@valii%mfe aBdent/gglat Bdn sebiman ecguar d
receiver to receive an orientation signal and/or use of an

tht e@%ﬁt@ais e R A e areedi v éc g diegévvpthf sribnt Beden

hat T 8 A bt dhe The e T ange Tor Fha Seenarthe the

expeetredt tiiatidene sowsed;e thwelist aides reecenvi hignthe avakhthieon

5|gnal ggnthe 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 foliowing: cyélical 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 receiver 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

extrapeclaticon from this, can determine the maximum useful

30 bandwidth present for the radio distance.



determ ne channel properties using the nethod described above
for the analysis of a useful signal and, by extrapolation from
this, can determ ne the maxi num useful 30 bandw dth present for
the radio distance. 19 The advantage of the present invention is
that it can cover all radio rany@s using adaptive radi o devi ces,
provided that this is physically possible. 5 For this purpose,

t he conti nuous anal ysis of the useful channel, as nentioned
abov#e fglvaaags of hheapakgshnts dhverhapmel s witdoutt readi acdaveaf fi ¢

W th determ nation and recording of.the nagnitude an ype. ,of
ot & Perdins erdiasts 2ake RSBl RASFIUIS Sr T rettated PR
of athiecupied st®adhgnpelsswbth.an anal ysis of the constellation
di agram and/ or an analysis of the signal-noise ratio and/or an
anal ysis of fading paraneters and/or an analysis of the

it- r alhacat.l.or h I Ser I t he
i Sy aua S FRea L eh P indhat (EnB0RL L S K 1 e
nmet hotairorl e sntginiimg edadbovepniect erasp by, neansnalysiconifi nuous

anal ysis of t, radi o channel__and distribution, of .the channel
et i oS et forh tReS ek PR et

adj usd pErdif dihenmveiyenmiakoanaxagpbes MDAt Até AN 2D S P14 Ype
of coding, signal bandw dth, transm ssion gomer and ant enna
di r ez onalLefamectysisTid mBehBgsFapenahtfacs upf ngh arrc i ai ni ng

LA eL BT O Sttt band: obiele el o

adapsn vanastwnidaral idnee fsdigmails ned skongeiopasdy bt ean analysis of

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

15
The methced for maintalning radio connections by means of
continuous analysis of the radio channel and distribution 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 orientation

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

30
In particular, the properties of the orientation channel are

as follcows: low-frequency, narrow bandwidth, robust



because the channel paranmeters have deteriorated, and also for
recordi ng the comruni cation of a participant within a network in
t he case of unknown channel paraneters. 30 In particular, the
properties of the orientation chanpgl are as follows:

| ow-frequency, narrow bandw dth, robust 20 nodul ati on nethod and
coding, and optionally a relatively- high transm ssion power by

compariaal didh theracl ual usgtul, changslionathe 1lddsiiatdan in
Figure 1 serves to visualise futdre radio netwofrKking. wever,

it reprisgeMsremigpiicaupowsirnplyi Eoopt ik bacandl tinl yhe nademqiatedgful
descrihes the circunstances encountered in practice. The

condi t% ®j1lustrated, that is to say: a particularly clear and
sinmple 10 overview of the terrain is provided; the radio

di stances are extrenely short; the density of radio nodes is

hi gh; Tha ot} oHdmp et s wWirtllgugegh SREEARAEC ay &SP biwnt DeHere

ai rbor - i..on vai;l.a t.ad y
descri%ﬁ?bégg x%?@ﬁ%%ﬁoﬁgﬂgﬁg%éo%gn?%gfegg?ggr%@H@%y?%%%ures of
nmoder ns ifp ¥iadi aa tsiyest emsl ond ypriaetiegeate$pedeattiben tie case of
an advance qi t roops or %n nobi.l e _battle ac%%on, I%r g areas,

whi ch PETUBE- EHFet SR EEES, 28 BEPRVLFSed PR geRe - YHdws t he
oper atipﬂﬁétﬁlﬂédmbjﬂaitt)isa't%a%ag(? anphetpatiedrWtHidat hend simple
di vi sional and brigade framework. The distribution of radio
nodes PYR¥Heaw A d@F hied Ind Ss PAe¥ LdgfnayBe beadipedi TR @R heare

quasi  DOPRIRNEPUS MLN (3R0ErsaqL0 o cdi ahiapcrsaeL sl andagef T adio
networks wth relatively-1ong iistances between these”i sl ands
are freguentiary omies widr 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 arezas,

which must be covered by radio, are involved.

Figure 3 shows the cperational and mobility areas

20 anticipated within the divisional and brigade framework. The
distribution of radio ncdes in these areas can in no sense
always be expected to be guasi homogeneous with short radio
distances. Islands of radic networks with relatively-long
distances between these islands are frequently formed. The

25 dynamic, mokile 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



25 dynami c, nobile and flexible operational possibilities are
reflected in a plurality of potential scenarios, in which the
radi o systens are supposed to all ow secure conmunication. The
framework for this diversity of scenarios wll now be presented
with a few representati ve exanpl el 30 As shown in Figure 4,
scenari os exist, which provide a relatively-high density of

mut ual | y- conmruni cating radio 21 devices at short distances from
one atthess Adagitcedt mblsitlhecesdfltom neewenkshert hAdaptead|mobile
routin netho rOV|d ppr.opriate _solution for honobgenous

r adi o™ Aet Worke 6$}?%ﬁ“ hkFH&% %lﬁnrﬁﬁ%ﬁPg ﬂ%é#ogﬂePEO%}%e an
neCGS§];a,zﬁcbp'rﬁitté16EdeﬁSLori Fothihehogeabaki ¥eliYol R88wEEBE aBECShis
bet ween stations and their MANETs or between MANETs occur, which

can nbl®énger be bridged with the radio range of a broadband
eform 10 If, as illustrated in Figure 5 a network
partici pant noves out of the radio range of the other network
parti tnpactbsle itse witdledze amec neded shradyceimuat tats pninl dhidie
net wor k articipants, are usin conmon, . non-adaptive, wavef orm
Belshabi; b5%

15 whith? Th H SRS PeTHaRAdEhe LERBS BRI Haehy Mpn‘%]%%rk

parti gk pza@ﬁw@@mmwef@dﬂ WBSIRr @abhgor 28hger CRANEEL QB DY; th
unil ateral neans. However, situations are al so possi bl e, in which

one ofh@ radienpngg ey uoackens WodesoRAve to be connected to
au)central radi o station over a long distance or in a terrain

Tf, as illustrated in Figure 5, a network participant moves
out of the radic vange of the other network participants, it
will be excluded from communication. If the network
participants are using a common, non-adaptive waveform,

I5 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

with unfavourable propagation conditicns.

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

25 exampie, in house-to-house fighting, with reconnaissance
troops or patrols. Especially in the latter case, with
excursions through the terrain to be contrelled, 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 1s also necessary for
the patrol to have or to establish a radioc connection with

the base station. Special measures become necessary in the



wi t h unfavourabl e propagation conditions. As illustrated in
Figure 6, this situation is found, for 25 exanple, in
house-t o- house fighting, with reconnai ssance troops or patrols.
Especially in the latter case, with excursions through the
terrain to be controlled, long dpstances fromthe central radio
station, for exanple, the conpany battle station, are possible,
as illustrated in 30 Figure 7. However, in such cases, it is also
necesssy \off axcursd opat talrobighhdvéforulo estabinshfer reghmele,
connection with the base station.gfgecial measur es becone

neceSs ISP TR IS 3 eXr3d@ 6F eXEhr St ohantRFoulRl e ffi cul t

terrad ghififaBXgMReed &h@o@ahabneysab§£5§ma9é19vz3ds di stances,
which “significantly exceed the range of approxinately 20

ki | offekaress raghi aihicdn dae beveredrednvenvenhabhylwthitht acti cal
@gdiégcg¥ s{gé&ygﬂ fornms are al so possi bl e between these
scenarios, for exanple, islands of partial networks with short
radi o di stances, which nust maintain contact over 10

reIativer-Jon%edistances wi_th ot her Eartial networks with
si nmi TEanHeEr ARt e LIS Gdfe 28 5P PASELRLBSPPEYRARI BNe#§ xed forns of

SCengtdOseiosl N & IskApAQNNeG QRS Brt BErPALTT AL+ HELMOT kS f MANET

1, 2, 15 3, PRR Personal Role Radio); however, they are

spat $labtly mwpar disdaneesuchaghertight mehatainececopaett 9orir bet ween
tworks i,.s no_|on ssible w vef orm

e PR B et Srarels, 8RR sER8E: Erfulthontmerey il
| ongetmbear enchek faram t he partial networks because of 20 the
great distance.
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 outside the MANETs can

no longer be 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 eachvnode 30 is ccannected
both to the ad-hoc network 31 and also to the orientation

channel 32.

In the exemplary emboediment presented in Figure 9, a network
30 radio device 33 is provided for communication wvia 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



Figure 9 shows a node 30 of the radio-transm ssion system
according to the invention. The radio-transm ssion system

conpri ses the ad-hoc network 31 descri bed above and an 25
orientation channel 32, wherein each node 30 is connected both
to the ad-hoc network 31 and also to the orientation channel 32.
In the exenplary enbodi nent presented in Figure 9, a network 30

radi eaflg¥| CE0 384 stprayiMied fioy HIDHAC #iroR cWinant hetadnhoga
network, and a VHS (Very H gh Frequency range, 30 Mz to 88 Miz)
and/ bReapr HEn ket on dehare X 13- (hemmingisatieguéscympdemeaigd, ono
Mz 19 3§h d14 SoPrayd ded o %gt,' e aar'ehﬁigp'o% ation
channe 2. nmuni cation is 1 nplenented on the channefs of 'the
ad- hoornekampke 31in whhe BHRF ecadiggpasied, feoGHexanpl ehei netherSHF

f a.f ig t twor.k 5 radi.o devi 33, whil
O MIEAREACPORLES Fpl BHet B e E6T) St ARPORTERLRAR PR aghe
whi cBriisnpsef ef abhamsl sppsediHitd he Jike fleaR@ey Bhaboksedt @nSaye

the short-wave range or respectively the VHF range, via the
VHF/ BF Faaper deldkels 130 93ip drierb@tbitoadigadaale32ri s di sposed

at agkg et}?ggyi‘%@ﬁé{ WO Y RO0PAL S QR MY e r%‘&'i'&oﬁe'i}%g‘é’;'ff?’l’

t hi s genera eads to a [onger range, so that radio no
whi chheanrnentiongerclennehched svidd s cad-altoa netwar Krafineaagn

il communi cate vi.a the ori.entation channel .32. 15 It _.i.s not
B sobiit EPTPHELESE UL S (i i G s, 58 raad T o
radi gedayi €68 34168Get hea@fd eniatdt chanrehodke, s@panatad hrom

one another. On the contrary, the radio device 34 for the
or i eAPAEPENPEhERRESG afl &l Wi el iR gredtedk i3t kernétwerik radio

devi eer33n28a2e N SVBNE SOMMONAM O Rinnel 32.

I5 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 centrary, the radio
device 34 for the orientaticn channel can also be integrated
in the network radio device 33 as a hardware component or a

20 software component. Furthermore, it is possible for the
network radio device to be switched simply through commands
in the freguency range of the orientation channel. In this
case, the radio device alsoc processes the orientation
channel. With this design, the orientation chanpnel can be

25 operated only in alternation with the useful channel.

an evaluation device 35 constantly evaluates the quality of
the transmission of the data packets via the ad-hocc network
31. If the transmission via the ad-hoc network 31 is no

30 longer satisfactory, a switching device 36 is switched over
in such a manner that the terminal device 37 no longer

communicates via the network radio device 33, but via the



20 software conponent. Furthernore, it is possible for the
network radi o device to be switched sinply through commands in
the frequency range of the orientation channel. In this case,
the radi o device al so processes the orientation channel. Wth
this design, the orientation chatvel can be 25 operated only in
alternation with the useful channel. An eval uation device 35
constantly evaluates the quality of the transm ssion of the data
packetidovidavihe a3d- ot neeworkenBdtidd ¢hmnnelansHissiwnudtadrhe

ad- h C. etwor i 3 on tisfactor tchin
Goviote B8 MBRGEY kB MBe Siat FIOEERREY, DD dap b M i e
devioeletaé aq hengaetweORMED| Cah@Sby i Bnp hemdtet o rin radi- idaw e
33, but via the 24 radio device 34 for the orient at| on channel .
The Wl ugﬂfoﬁxaﬁpl?heaauéﬁ?‘?/dbfm?fh’él‘a%‘?%r pakufé’f% YSis &f c,téh? be

51 ansifqtt fGLCiat%nt B?a@gaﬁoﬁn %W’Eﬂ&a 3&1@;1‘?&‘1‘—1{)&%4@@6&9&%‘?{&

variety of ways exanpl e, as already mentioned, an ana y5| s
of tdfe fadaoqspelrlaaetensdaagfam ahdtoe bh@-esrlgwalrm sEIr atd o
and/.or . of fa ing paraneters and/or of the bit-error rate can be
i npl gﬁz&@gﬂg ®The eval uation device 35 eval uates a channel of the
ad-hoc 10 network 31 not occupied with radio traffic in a

meani ngful _ manner by determ ning the maghltude and/ or type of

t he Tl’i%teéﬁaflé’»laéﬁé’@ §P§h5P53énetfﬁl§aE%nﬁe¢ amgyek ot rids %—mﬁanna

1@ tr{éecm%qkh@q B%%"VBEEuﬁleBCQHQhegac‘i‘&& htfgflfpctfﬁfg'rgeydri%ngful

meani ngful |y eval uated by the eval uati on device 35
analwmg: tiye detssage isgghbhbsnafni hedeatmd packetse af drisi tted on

thls %er erenc%tsE%nghgoon %ﬂhggéyahnei th conéfgggg.ggﬁhﬁﬁu§6
of the ad-hoc network 31 occupied 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.

It 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-
hoc network 31 as qualitatively adequate. This has the
advantage that, during the cyclical switchover to the
orientation channel 32, radioc nodes 30 of the network can

25 determine whether another node is transmitting 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

cemmunication with the isoclated node.



operated in such a manner that the systemal so switches 20
cyclically to the orientation channel 32 whenever the eval uation
devi ce 35 evaluates the transm ssion via the ad- hoc network 31
as qualitatively adequate. This has the advantage that, during
the cyclical switchover to the orientation channel 32, radio
nodes 30 of the network can 25 determ ne whet her another node is
transmtting there, which can |onger be reached via the ad-hoc

t k.31. A node 30 ,of this kind, which det ' duri th
Cycl TEaRS BRARTRBYRT t hat PP Lorthrt St Wirtoh *ere Yorner tnode

Vi a oirhenestephatheAnenagneli 82 £aroddn onca agaitd fsegd the data
30 of this node, which is isolated fromthe ad-hoc network 31,

i nt o9eReradliodorer wpekuginodpbe ey ittt aiffihGxadwheunileati on
Lt h i a de, . o L ngf I Q. iLation is
;Mjrrpl g%gﬁfeegg\%i ;ggﬁgg %?%éﬁt%ﬁ%%g)cgﬁn%ﬁw3§lrﬁ Uhen% robgsffc, t hat
i S t@eyayng),gbgecainbyriowerwiigh ueherotidtaic arettwepes flar Iexadmpl e,
| ow 5 _val ue PSK gPEase Shift keying) or FSK (Fzggyehqy Shi ft
Keyi AGFC B§2BSRABAFTL sont wit A PRECHRE HCE HetRitie S3E.om t1's) iseg) Lo

neanicRghihichtiah YIRr eNedo L EREa PIOL etd A 1 SSUSEET® then
conmuni cation via the orientati on channel 32, which then

det edfiteagiacFerarpielyvsl poetovsefude ek data eatitarthies dsedsed
figr GRETMaLaahien vha bhe adshos sl vk, il A SRl Al . At e

al'so be use communi cat1on Vi a ori entation
chanmelte32hthdand fdsocbhbanuséedaf® oncammaun hestaidbrhocia gtenwor k 31, For

comruni.cation via, the orientation channel,, a higher transnj ssi
bover HEATAF 0P BRATAPLAE £ O 91 af O heS ST AR At AT F0-CRF

opt i oRakdoy¥kaksQ Perusefmunication via the orientation channel, a
higher transmission power than for communication via the ad--

15 hoc network 31 can optionally also be used.

The orientation channel can additicnally be used in order to
request the identity and position of radio nodes potentially
capable of being integrated into the MANET. For this

20 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 recelving
radio node can then respond to this message 1in the

25 orientation channel. Accordingly, it is also possible to
identify radio devices, which do not have the MANET
functionality at their disposal, but which receive the
orientation channel and can then transmit on this channel
again. The use of the orientaticn channel for this purpose

30 is particularly advantageous, because, as already mentioned,
it provides a relatively-longer range and accordingly, the

MANET can also obtain information about radio devices



The orientation channel can -additionally be used in order to
request the identity and position of radio nodes potentially
capabl e of being integrated into the MANET. For this 20 purpose,
t he requesting radi o node can trapgmt a correspondi ng nessage
to the orientation channel either singly, for exanple, with
initiation by the user, or in a cyclical manner, for exanple,
ever yiisgeesd. cAckeaei YtBgrangdi ormpslek o ddeh daspend: e, t Hics
message in the 25 orientation channel. Accordingly, it is also
possﬁBﬁ@PQS EPge At eYar 4B 0T @ERFRESIORNi ch do not have the MANET
functionality at their disposal, but which receive the
orientati on channel and can then transmit on this channel agai n.
The U$e ohveheéioni ént abtoneshanneddfior tﬁésﬁxnmpﬁﬁmyiymhqﬁiment
particul arly adyant ageou because al rea nme tlon d

3oV 22 el ot UePp P RBEr R AR a0 SRb T KO L A TR
can ais@nokhanfelnb@r kAL 9A-AbOULe FREIEI0, dﬂvmesléﬁeqﬂm% a
outside its range. This know edge can be used, for exanple for
fri @ rdeLr SedgAngi 6RanTRE - | AV Enef obne STIREUFRS 1G9 T BPaD ape
exe r i et p e he. o can
optrE%% %& gggg ggaanngéﬁécﬁgﬁﬁ%?J % éf&%ﬁ%ogﬂﬂg?ﬁggﬁkamhich
i s eduiappedrds od thenéndknhaphing channel. of the features
aﬁscribed above can be conbined with one another as required

thin the framework of the invention. 10 27 ddains 1.
Radi o-transm ssi on 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 tle data 10 packets via the

ad- hoc network (31), and an orientation channel (32), across

whi ch the data packets are transmitted, if the eval uation
device (35) has evaluated the quality of transm ssion of the
dat a Eagkets"V|a t he ad-hoc network (31) as 15 unsatisfactory. 2.
Radi 6##8fisni ssi on system according to claim1, characterised in
that the orientation channel (32) has a relatively-lower 20
transm ssion frequency, especially within the HF range (10 MHz
to 30.MHz) RediphérypFni angen (3Pshae coup8igsiviz), by conpari son

vgth t he ad-ho HSE“QrEWé3%) %§ R%:()tééggrnsse%at tﬁtem

accordi ng £8 & c ml haﬁacte 15€e

ori entati oacebasnehitB2)iapsoyvidiesta 464 atdarednyi « 8l evirtebust
nodul ati on type especially a relatively |ower-value PSK (Phase
Shift Keyi RgF SFQFQKHE@FW@&%QﬁEV shift Keying), by conparison

with the ady 3QahA6c28hWQE:E §1235?8fo£-eJ¥¥¥<h6dé“¥§U SSk ch

system according to any one of clains to 3, characterlsed In
that the oeriveAtateentbhaminelitd2yf ptlwmlem%mrsamn vl ythe data

10 packets via the ad-hoc network (31),
and an crientation channel (32}, across which the
data packets are transmitted, i1f the evaluation
device (35) has evaluated the gquality of transmission
of the data packets’via the ad-hoc network (31) as

15 unsatisfactory.

2. Radio~transmission system according to claim 1,
characterised in that
the orientation channel (32} has a relatively-lower
20 transmission frequency, especially within the HF
range (10 MHz to 30 MHz) or the VHF range (30 MHz to

88 MHz}, by comparison with the ad~hoc netwerk (31}).

3. Radico-transmission system according to claim 1 or 2,
25 characterised in that
the orientation channel (32) provides a relatively
more robust modulation type, especially a relatively
lower-value PSK {Phase Shift Keying) or FSK
{(Frequency Shift Keying), by comparison with the ad-
30 hoc network (31).



5 |l ower-val ue coding by conparison with the ad-hoc
5. Radi o-transm ssion system according to any one of
4, 10 characterised in that the orientation channel

network (31).
claims 1 to
(32) provides

an inproved error protection and/or an inproved codi ng by
conparison wth the ad-hoc networkg(31). 15 6. Radi o-transm ssion
system according to any one of <clainms 1 to 5, characterised in
that the orientation channel (32) provides a relatively higher

transti ssi cegionwerransmciorgiam sesteint bethedadg 20 aog

oed Wof k

(31). 7. Ra o- tr nSHIZ%IOH system according to any one of

clains 1 to°
(35) evaluaéﬁgtébﬁggﬂyga iof dhage ad- hoc network (31),

fised in that 25 the eval uation devi ce

which is

not occupied with radio traffic, by det erm ni ng the nmagnitude
and/ or typeth# OﬁkﬂﬁﬁqﬁﬂQﬂuﬁﬁiangﬁal§2énPﬁﬁ§léﬁ§nﬁe¥el@DlBely

Radi o-trans t clai l1to 7,
c%aracterlsggai%qﬂﬁﬁ%§ég J?ﬁgg)v§¥§1%?5%g§e8?gg % Ll(gv Gates a
channel of téeword- k) network (31), which is occupled with radio
traffic, by analysing the nessage signals of the data packets

transnitted on t he channel.

5. Radio-transmission system according to anyv one of

claims 1 to 4,

10 characterised in that

the orientation channel (32) provides an improved

error protection and/or an improved coding

comparison with the ad-hoc network (31).

by

15 6. Radio-transmission system according to any one of

claims 1 to 5,

characterised in that

the orientation channel (32) provides a relatively

higher transmission power by comparison with the ad-

20 hoc network (31).
7. Radio-transmission system according to any one of
claims 1 to o,
characterised in that
25 the evaluation device (35) evaluates a channel of the

ad-hoc network (31), which is not occupied

with radio

traffic, by determining the magnitude and/or type of

interference signals on the channel.

30 8. Radio~transmission system according to any
claims 1 to 7,

characterised in that

one of



5 9. Radio-transm ssion system according to claim8§,
characterised in that the evaluation device (35) inplenents an
anal ysis of the constellation diagram and/ or of the signal-noise
10 ratio and/or of fading par ametgy s and/or of the bit- error
rate. 10. Radi o-transm ssion system according to any one of
clains 1 to 9, 15 characterised in that every node (30) of the

radi o-transpissi i 1 i \j (36)

whi ch sw t SREs VARG F S ke BLeY, P55 RIHIANI TROERILY soe
frequency afi-hbhenadwhok n2lwrkhi{3i)iancdiel dd eqguenaadifo t he 20
orientation c?gnnel 1, Raq%o-transnissjon system accordi ng

32). .1
to claim16X2tERsy a e?%@éﬁs?ﬂgtﬁ ¢ BEFRATorid Fidio Heite dat2

used [for] phb&ectsansAhsmnk @Bed28n 0P henpident ati on channel and/ or
for the reception of the orientation channel. 12.

F@dio-transnissipn system according to any one of clains 1 to

11, 30 Cha%%%&%&‘t%%f{sh?syféh §§55§ﬁ{e£¥c8&91%g§ 30) oS,

radi 6-transm Ssi on system provides a Separate

transm t t ecchasaeteetiseddinf ehathe reception of the orientation

channel (32). 5 13. Radio-transni§§ion systenlaccording to an

one of C|§i efagaafipn device (35) 1lmplements an analysis ©
the constellation diagram and/or of the signal-noise

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

error rate.

10. Radio-transmission system according to any one of
claims 1 teo 9,
15 characterised in that
every node (30) of the radio-transmission system
provides a switching device (36), which switches the
reception in a cyclical manner between a freguency of
the ad-hoc network (31) and the frequency cof the

20 orientation channel (32).

11. Radio-transmission system according to claim 10,
characterised in that
a network radio device is used [for] the transmission
25 on the orientation channel and/or for the reception

of the orientaticn channel.

12. Radio-transmissicn system according to any one of
claims 1 to 11,

30 characterised in that



characterised in that every node (30) of the radio-transm ssion
system provides a hardware nodul e or software nodule for the 10
reception of the orientation channel (32), which is integrated in
a network radi o device associatecsgi th the node (30). 14. Method
for the operation of a radio-transm ssion 15 system conpri sing
an ad- hoc network (31), across which data packets are

transm tt eévairiyhnadpr edet eori tied nad£d-of 1o n ik Aifbrord yardead i on
channel (32), wherein the g ualltggof the transm ssion of the data

20 packet s FE&V&GPuat EAPEBAEPaRF FYSH EESHEF RO wdrE (8 |

and the dat@packehsoar entrapsahtledon Viadher 0(323”1 ation channel
(32), if the quality of the transm ssion of the data packets via

the ad-hoc network (31) is evaluated as unsatisfactory. 25 15.

dj d h h
eAratt oR eHATeR"CADP el RS BB WO NI ST 10 A T e

transm ssi en&fitequeneyllespecially 30 within the HF range (10
MHz - 30 M—Iz) or the VHF ran (30 Mz to 88 MHz), by conparison
with the afBardctREtREAK 1(’3‘:'8"'“‘31 16. Met hod according to claim

14 or 15, chaldcteiesqdol Nokhahet P8qosL et Adh ok chapled32) i's

operated with a
provides a hardware module or software module for the

10 reception of the orientation channel {(32), which is
integrated in a network radio device associated with

the node (30).

14. Method for the operation of a radio-transmission

15 system comprising an ad-hoc network (31), across
which data packets are transmitted with a
predetermined waveform,
and an orientation channel (32),
wherein the quality of the transmission of the data

20 packets is evaluated constantly via the ad-hoc
network (31), and the data packets are transmitted
via the orientation channel (32}, if the quality of
the transmission of the data packets wvia the ad-hoc

network (31) 1is evaluated as unsatisfactory.

25
15. Method according to claim 14,
characterised in that,
the orientation channel (32) is operated with a
relatively-lower transmission frequency, especially
30 within the HF range (10 MHz - 30 MHz) or the VHF

range (30 MHz to 8B MHz), by comparison with the ad-

hoc network (31).



5 relatively |lower nodul ation type, especially PSK (Phase Shift
Keyi ng) or FSK (Frequency Shift Keying), by conparison with the
ad- hoc network (31). 17. Method according to any one of clains 14
to 16, 10 characterised in that ihe orientation channel (32) is
operated with an inproved error protection by conparison with
the ad- hoc network (31). 15 18. Method according to any one of
clainms 14 to 17, <characterised in that the orientation channel
(32) .is operated with a, relatively slower data rate by
conmpaPi-son MfiHRd RECCFEIRECEReEWBER {419F Yo 19. Met hod accordi ng

to any one Bfhralcd¥Esdd iR LRat Characterised in that the
orientation channel (31) is operated with a relatively higher

transni ssi dinepoweenbptéonpahasnal 252 i eiwraitedhoct thetanor k
(32). 20. Method_according to any one of clainms 14 to 19
c%aracteri§? a&ﬁvF gt&gwggaﬁﬁgF?%Fl?%et%EﬁTKﬁFQﬁﬁ%ﬁﬁ%?g%%S, whi ch
is not 30 (@oeup ediwkt Reyadyp bEabfkc(risqeyatpatiedtdKeying),
determ ning the magni tude and/or type of interference signals of
t he channelPY $2PMPatisppt Ho8Ratldr ARNYOE ok Hhe( D) clainms 14 to
20, characterised in that a channel of the ad-hoc network (31),
which is
17. Method according to any one of claims 14 to 16,
10 characterised in that
the orientation channel (32) 1s operated with an
improved error protection by comparison with the ad-

hoc network (31).

15 18. Method according to any one of claims 14 to 17,
characterised in that
the orientation channel (32) i3 operated with a
relatively slower data rate by comparison with the

ad-hoc network (31).

20
19, Method according to any cone of claims 14 to 18,
characterised in that
the orientation channel {(31) is operated with a
relatively higher transmission power by comparison
25 with the ad-~hoc network (32).
20. Method according to any one of c¢laims 14 to 19,
characterised in that
a channel of the ad-hoc network (31l), which is not
30 occupied with radio traffic, is evaluated by

determining the magnitude and/or type of interference

signals of the channel.



5 occupied with radio traffic, is evaluated by analysing the
nmessage signals of the data packets transmtted on the channel.
22. Method according to claim21, 10 characterised by an

anal ysis of the constellation di am and/or the signal-noise
rati o and/or fading paraneters and/or the bit-error rate. 15 23.
Met hod according to any one of clains 14 to 22, characterised in
that, at every node (30) of the radio-transni ssion system the
reception is switched in a cyclical manner between a frequency

of tRé-.ad- Nethoest workrddny andany ome $F eglasiey of ttchelO,

origntatioggggggggkﬁgga),n gﬁaEN@thod according to any one of

clains 14 aracterised in that the orientation channe
is used form reauesti bg the adSnbdemétdyrof (B netwoirdh naede and for
ﬁquestlng its _position. 25. Method according to cIa|n124

ar act er i SEFUPAehE t30reAie F@ﬁﬁ%%?rl%sl?ﬁﬂ i t her

singly, wit] ally@llw;atth@nmggsgag ¥58Ra19"of Neife Ca/aq!a A cmnner,

controlled by the nod
transmltted on the channel.

22. Method according to claim 21,
10 characterised by
an analysis of the constellation diagram and/or the
signal-noise ratio and/or fading parameters and/or

the bit-error rate.

15 23. Method according to any one of claims 14 to 22,
characterised in that,
at every node (30) of the radio-transmission system,
the reception is switched in a cyclical manner
between a frequency of the ad-hoc network (31} and

20 the frequency of the crientation channel {32}.

24, Method according to any one of claims 14 to 23,
characterised in that

the orientation channel is used for requesting the

25 identity of a network node and for regquesting its
position.
25. Method according to claim 24,

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

controlled by the node.



