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Description

FIELD OF THE INVENTION

[0001] The invention relates to a control unit, a system
and a method for controlling a network.

BACKGROUND OF THE INVENTION

[0002] Recently, wireless mesh networks attract more
and more attention, e.g. for remote control of illumination
systems, building automation, monitoring applications,
sensor systems and medical applications. In particular,
a remote management of outdoor luminaires, so-called
telemanagement, becomes increasingly important. On
the one hand, this is driven by environmental concerns,
since telemanagement systems enable the use of differ-
ent dimming patterns, for instance as a function of time,
weather conditions or season, allowing a more energy-
efficient use of the outdoor lighting system. On the other
hand, this is also driven by economical reasons, since
the increased energy efficiency also reduces operational
costs. Moreover, the system can remotely monitor power
usage and detect lamp failures, which allows for deter-
mining the best time for repairing luminaires or replacing
lamps.
[0003] EP2120181A1 discloses a method for classify-
ing data generated by at least one sensor node of a sen-
sor network by statistical processing of said data based
on linear discriminant analysis, comprising a learning
phase with the steps of defining at least two classes into
which an n-dimensional feature vector may be classified,
and an inference phase with the steps of calculating for
each class a linear discriminant function of the n-dimen-
sional test feature vector representing the data to be clas-
sified, based on the results of preprocessing, and assign-
ing the data to the class for which the calculated linear
discriminant function yields the highest result.
[0004] Current radio-frequency (RF) based wireless
solutions use either a star network topology or a mesh
network topology. In a star network, a central controller
has a direct wireless communication path to every node
in the network. However, this typically requires a high-
power/high-sensitivity base-station-like central controller
to be placed at a high location (e.g. on top of a building),
which makes the solution cumbersome to deploy and
expensive. In a mesh network, the plurality of nodes does
in general not communicate directly with the central con-
troller, but via so-called multi-hop communications. In a
multi-hop communication, a data packet is transmitted
from a sender node to a destination node via one or more
intermediate nodes. Nodes act as routers to transmit data
packets from neighboring nodes to nodes that are too far
away to reach in a single hop, resulting in a network that
can span larger distances. By breaking long distances in
a series of shorter hops, signal strength is sustained.
Consequently, routing is performed by all nodes of a
mesh network deciding, to which neighboring node the

data packet is to be sent. Hence, a mesh network is a
very robust and stable network with high connectivity and
thus high redundancy and reliability.
[0005] In Figure 1, a typical wireless network with mesh
topology is shown. The wireless network comprises of a
central controller 60 and a plurality of nodes 10 (N) being
connected among each other by wireless communication
paths 40 in a mesh topology. The wireless communica-
tion paths 40 between the nodes 10 can be constituted
by RF transmissions. For this, the nodes 10 and the cen-
tral controller 60 can comprise a transceiver for transmit-
ting or receiving data packets via wireless communica-
tion paths 40, e.g. via RF transmission. In the backend,
a service center 80 is situated and serves for system
management. This entity normally communicates with
one or more wireless networks over a third party com-
munication channel, such as the Internet or mobile com-
munication networks or other wired or wireless data
transmission systems. In particular, the service center
80 communicates with a central controller 60 of a corre-
sponding network as a commissioning tool in charge of
controlling or configuring this network. In case of a lighting
system or any other large wireless network, a network
can also be divided into segments, so that a node 10
belongs to exactly one segment having one segment
controller 60. Therefore, the terms "segment controller"
and "central controller" should be seen as exchangeable
throughout this description.
[0006] Within the mesh network, any pair of nodes 10
can communicate with each other over several hops by
means of a routing protocol. For security reasons, all
nodes 10 of the network may share a common key K for
authentication that is used to verify hop-by-hop, whether
the data packet originates from a network node 10 or
from an interfering node. Therefore, if a sender node 10
sends a message to a destination node 10 via an inter-
mediate node 10, the sender node 10 can protect the
message at MAC (Media Access Control) layer. Here,
protection refers to the provision of basis security serv-
ices such as authentication, integrity, freshness or even
confidentiality by means of a standard block cipher mode
such as AES-CCM (Advance Encryptions Standard in
CCM mode). To this end, the sender node 10 can for
instance take the message and attach it to at least one
a MIC (Message Integrity Code) generated with the AES-
CCM, the common key K, and a counter C associated to
the sender node and used to ensure message freshness.
Upon reception of this message, the intermediate node
10 will proceed to decode the message using the key K
and verify message integrity using the MIC and message
freshness based on the counter C. If all verifications are
successful, the intermediate node 10 will protect the mes-
sage again as done by the sender node 10 and forward
it to the destination node 10.
[0007] If each node 10 in the mesh network verifies the
authenticity using the key K and the freshness based on
the counter C of a forwarded message, a basic network
protection can be provided. However, this does not cover
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two important situations, in which the network is very vul-
nerable and can be fully broken by a denial of service
attack (DoS attack). The first problem is related to a com-
missioning phase of the network, wherein not all nodes
10 of the network have been successfully commissioned
yet. Therefore, not all nodes 10 have the key K used to
realize hop-by-hop security. Yet, during commissioning,
a plurality of messages has to be exchanged with the
segment controller 60 or even with the service center 80,
so that the problem of security arises. Thus, an attacker
might send fake commissioning messages overloading
the network. By way of example, it can be assumed that
nodes A and B have already joined the network and thus
know about the common key K, while nodes C and D still
have to join the network and are not yet successfully com-
missioned (not knowing about K). In case that node A or
node B have to forward commissioning messages from
nodes C or D, nodes A and B cannot check, whether
these commissioning messages are authentic and fresh,
since nodes C and D did not use the key K. Therefore,
in this situation, an attacker might send lots of commis-
sioning messages breaking the network and leading to
denial of service. It should be noted that this problem
does not only arise in the very beginning of the network
set-up, but e.g. also when adding new nodes 10 to a
network. Thus, nodes 10 being in different operating
states or phases, represent a serious security problem
to the network.
[0008] The second security problem arises due to lim-
ited regional knowledge of the single nodes 10. In gen-
eral, due to the strict memory limitations of a node 10, a
node 10 cannot store all counters C or the like for all other
nodes 10 of the network. Therefore, an attacker might
for instance eavesdrop on a communication link on one
side of the network and replay those messages in other
parts of the network. This is called "wormhole attack" and
illustrated in fig. 2. In fig. 2, a node A eavesdrops on a
communication in network part 1 and sends it through a
wormhole link (arrow) to node B in network part 2 for
replaying the message in network part 2 or vice versa.
One effect of such an attack is that all nodes 10 in network
part 1 assume that nodes 10 in network part 2 are the
neighbored nodes and vice versa. As a result, this affects
routing and other connectivity based protocols in the net-
work. In addition, if the new "routes" are established and
the data traffic in the network starts using the shortcut
through the wormhole link, the wormhole nodes A and B
can start dropping data packets and cause network dis-
ruption. Moreover, although the counter C corresponding
to a node 10 of network part 1 is not known by the nodes
10 in network part 2, the nodes 10 in network part 2 will
just forward all replayed messages, since the message
integrity code MIC can be verified. Hence, an attack can
result in blocking all messages coming from network part
2 by means of messages generated in network part 1.
[0009] WO 2009/031112 A2 relates to a node and a
method for establishing distributed security architecture
for a wireless network.

SUMMARY OF THE INVENTION

[0010] In view of above disadvantages and problems
in the prior art, it is an object of the present invention to
provide a control unit, a system and a method for oper-
ating a wireless network with a plurality of nodes, wherein
protection of the network against denial of service attacks
or other hostile attacks is improved, while keeping the
operation of the network simple and efficient and consid-
ering restricted capacities of single network nodes.
[0011] The invention is based on the idea to consider
differences between various network phases to define a
phase-aware system. For instance, the characteristics
of commissioning, learning and operating phases can be
easily distinguished, in particular regarding a vulnerabil-
ity to hostile attacks. Hence, a commissioning phase may
in general be less secure, since neighbor nodes, network
parameters and security keys may generally be unknown
to a node when joining the network. Therefore, it is sug-
gested that a node may operate in a phase-aware man-
ner and handle at least one of node parameters, neigh-
borhood parameters or other network parameters ac-
cording to a current network phase. This may particularly
relate to handling incoming messages, connections to
new or unknown nodes, requests for updating routing
tables etc. depending on a current network phase. By
these means, security holes, which are necessary or un-
avoidable for a certain network phase, may be limited in
time to the respective phase, thus reducing the network
vulnerability to a minimum.
[0012] According to one aspect of the present inven-
tion, a control unit for a node of a wireless network is
provided, which is capable of adjusting at least one op-
eration parameter of the node based on a current network
phase and of processing a received data packet based
on the adjusted operation parameter. For this, the control
unit may comprise a phase-adaptation module for setting
operation parameters of the node corresponding to the
current network phase and a phase-aware module for
operating the node accordingly. Thus, the node behavior
may be tailored to the different network phases. A net-
work phase may for instance relate to a commissioning
phase, during which a node joins the network and is com-
missioned to be a member of the same, a learning phase,
during which a node learns about its neighbors, or a work-
ing or operating phase, wherein a node operates within
the network. However, in general any number N of net-
work phases can be defined. By adapting the operation
or the behavior of the single nodes to a current network
phase, unnecessary security holes can be closed and
reduced to a minimum according to the requirements of
the respective phase.
[0013] The current network phase may be determined
by predefined phase characteristics, such as a number,
rate or frequency of messages (e.g. differentiated for
messages having a certain message type, a certain
sender) or any other feature, which is characteristic for
a certain network phase. Preferably, the phase charac-
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teristics can be determined based on common network
behavior during this phase. The current network phase
may be determined locally by the node itself and/or cen-
trally by a central/segment controller or a service center.
In one example, a node may be adapted to determine a
current network phase based on data traffic, e.g. by mon-
itoring the network traffic either continuously or in certain
time intervals. In case of centrally determining the net-
work phase, the central/segment controller and/or serv-
ice center may provide corresponding information to the
nodes using secure broadcasting or unicasting or any
other kind of transmission. Possibly, the central/segment
controller and/or service center provides also further in-
formation together with information about the current net-
work phase, e.g. for indicating corresponding values of
one or more operation parameters and/or for setting a
time period for this network phase, after which the net-
work automatically returns to a previous network phase
or to another predefined network phase. Thus, also val-
ues of operation parameters may be set centrally for this
network phase. However, it is also possible that at least
one operation parameter or a set of operation parameters
is predefined for at least one network phase, i.e. these
operation parameters may be locally defined and stored
in the single nodes. In this case, these operation param-
eters may nevertheless be adjustable for a central/seg-
ment controller or service center.
[0014] Alternatively and/or additionally, a central/seg-
ment controller and/or service center may announce a
certain network phase, i.e. independent of any determi-
nation process of the current network situation. By these
means, it is possible to shift the network from an operating
phase again to an earlier phase, such as a commission-
ing phase, e.g. for allowing new nodes to join the network.
Thus, the control unit or the phase-adaptation module of
the node may be adapted to switch the node to any one
of the network phases by adjusting the operation param-
eter(s) accordingly.
[0015] Preferably, at least one network phase is limited
to a time interval or operational area. The time interval
may be predefined or adjustable, e.g. by a central/seg-
ment controller or a service center. The operational area
might represent the whole or a part of the network. This
may allow for increased security, since a vulnerable
phase, such as a learning or commissioning phase, may
automatically be stopped and the network may return to
a more secure network phase. In one embodiment, the
network or the nodes are switchable to any intermediate
network phase, which is time or area limited. Thus, the
network or the nodes stop this intermediate network
phase automatically, after the time has passed. Then,
they may return to another predefined network phase or
to the previous network phase, from which the interme-
diate network phase was initiated.
[0016] Preferably, operation parameters of a node in-
clude at least one of a maximum or minimum number of
messages or a maximum or minimum frequency or rate
of messages or an area threshold or a maximum time

threshold. The messages may be recognized by their
type, by their sender node, by their destination, or by any
other feature. For instance, during a commissioning
phase, a large number of commissioning messages may
be allowed or even required, while during an operating
phase of the network, it may be not allowed to process
any commissioning message. Similarly, only a certain
number of messages may be allowed from a certain
sender and/or to a certain destination. This is to avoid
multiplying and replaying an overheard message in a de-
nial of service attack. Alternatively or additionally, the op-
eration parameters may include at least one of a routing-
update-index indicating whether an update of a routing
table is allowed, a setting-update-index indicating wheth-
er an update of a node setting is allowed, a commission-
ing index indicating whether commissioning messages
are allowed, and a stranger-acceptance-index indicating
whether messages from unknown nodes are allowed.
For instance, during commissioning, a node does not
know about its neighbor nodes, while during an operating
phase, the node may consider the network as being stat-
ic. Hence, during the operating phase, the at least one
operation parameter of the node may be set such that
the node is not allowed to update (completely) its routing
table and/or to accept or forward messages from stranger
nodes. As mentioned above, the operation parameters
may be locally defined for one or more network phases,
so that the phase-adaptation module looks up the corre-
sponding values of the operation parameters according
to the current network phase.
[0017] In a preferred embodiment of the present inven-
tion, the control unit or the phase-aware module of a node
is adapted to analyze a received data packet for deter-
mining whether the network behavior and/or the data traf-
fic is normal for the current network phase. For instance,
a network behavior may be determined based on data
traffic. However, the network behavior may also depend
on other parameters such as daytime, power supply state
and the like. Hence, these parameters may be taken into
account for observing network behavior. The observed
network behavior may then be compared to predefined
phase characteristics. For this, a data packet may be
analyzed with respect to its type, its sender, its destina-
tion or a last forwarding node. Alternatively or addition-
ally, the frequency or number of received and/or forward-
ed data packets may be determined. As mentioned be-
fore, during a particular network phase, only a certain
number of data packets, e.g. of a certain type, may be
forwarded. Another example is the processing behavior
of the node regarding data packets, whose sender or
destination is unknown.
[0018] Preferably, if it is determined that the network
behavior is not normal, e.g. if the network behavior de-
viates from one or more predefined phase characteristics
of the corresponding network phase, the control unit or
the phase-aware module may determine an attack state.
In such an attack state, the node behavior may be adapt-
ed accordingly. For instance, the control unit of the node
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may apply counter measures in order to block the attack,
e.g. messages to be forwarded may be dropped,
processing of data packets may be refused and/or a guilty
device may be identified and marked as not trustworthy.
Thus, when forwarding of received data packets is re-
fused in an attack state, flooding of the network with fake
messages and thus blocking communication links of the
network can be avoided. Alternatively and/or additionally,
the control unit may be adapted to trigger an attack alarm.
This may relate to transmitting, flooding or broadcasting
an alarm message to neighboring nodes or to the cen-
tral/segment controller or service center. By these
means, the surrounding nodes and/or the responsible
controller may be informed about a possible attack and
set in the attack state, so that they may react accordingly.
Hence, a central/segment controller or service center
may take appropriate countermeasures. Instead of the
observed network behavior deviating from predefined
phase characteristics, the attack state may also be de-
termined and/or an attack alarm may be triggered, if the
control unit refuses processing of a received data packet
based on the adjusted operation parameters of the node.
By these means, a denial of service attack can be avoid-
ed.
[0019] In a further embodiment, processing a received
data packet includes at least one of forwarding the data
packet towards its destination, accepting the data packet
as its destination and updating node settings or routing
information based on information included in the data
packet.
[0020] In a preferred embodiment, the node is a lumi-
naire node of a lighting system, such as a street lighting
system, a lighting system of a public area or any other
large-scale lighting system.
[0021] According to a further aspect of the present in-
vention, a system for a wireless network is provided that
comprises a plurality of nodes, whereof at least some
include a control unit according to one of the preceding
embodiments, and a central controller or segment con-
troller, wherein the plurality of nodes and the central con-
troller comprise means for wireless communication. Pref-
erably, the wireless network is a radio frequency network,
e.g. a network for remote control or telemanagement of
a lighting system. The central controller may be adapted
to determine a current network phase by monitoring the
status of one or more nodes. For instance, the central
controller may determine whether one or more nodes
have been successfully commissioned or whether a pre-
defined percentage of nodes has been successfully com-
missioned. The status of a plurality of nodes may be de-
termined by an average or mean status of the nodes.
Furthermore, the central controller may be adapted to
inform the nodes about the determined current network
phase. This may be realized by broadcasting, unicasting,
multicasting or flooding a corresponding message in the
network. Alternatively or additionally, the central control-
ler may also inform the network nodes about one or more
values of one or more operation parameters according

to the current network phase.
[0022] According to a further aspect of the present in-
vention, a method for operating a wireless network with
a plurality of nodes is provided, comprising the steps of
adjusting at least one operation parameter of a node
based on a current network phase, wherein the current
network phase is one a a plurality of phases comprising
at least one of a commissioning phase, during which a
node joins the network and is commissioned to be a mem-
ber of the network, a learning phase during which a node
learns about its neighbours and an operating phase, dur-
ing which a node operates within the network, and
processing a data packet received by the node based on
the adjusted operation parameter, so that security holes
for a certain network phase are limited in time to the re-
spective phase. Thus, the method according to the
present invention may be adapted to be performed by a
control unit or system according to one of the above-
described embodiments of the present invention.
[0023] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter. The invention will be
described in more detail with respect to exemplary em-
bodiments that are illustrated by the accompanying fig-
ures. However, the invention is not limited to these ex-
emplary embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In the figures:

Fig. 1 illustrates an example of a wireless mesh net-
work;
Fig. 2 illustrates a so-called wormhole attack;
Fig. 3 shows a control unit according to an embodi-
ment of the present invention;
Fig. 4 shows an example for determining a network
phase according to an embodiment of the present
invention;
Fig. 5 shows a flow diagram for illustrating phase-
aware behavior of a node according to an embodi-
ment of the present invention; and
Fig. 6 shows a flow diagram for a process of moni-
toring network behavior according to an embodiment
of the present invention.

DETAILED DESCRIPTION

[0025] Preferred applications of the present invention
are actuator networks or sensor networks for different
applications such as healthcare, energy management or
lighting systems, such as outdoor lighting systems (e.g.
for streets, parking and public areas) and indoor lighting
systems for general area lighting (e.g. for malls, arenas,
parking, stations, tunnels etc.). In the following, the
present invention will be explained further using the ex-
ample of an outdoor lighting system for street illumina-
tion, however, without being limited to this application. In
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the field of lighting control, the telemanagement of out-
door luminaires via radio-frequency network technolo-
gies is receiving increasing interest, in particular solu-
tions with applicability for large-scale installations with
segments of above 200 luminaire nodes. Since radio fre-
quency (RF) transmissions do not require high transmis-
sion power and are easy to implement and deploy, costs
for setting up and operating a network can be reduced.
However, the data packet transmission may alternatively
use infrared communication, free-space-visible-light
communication or power line communication.
[0026] In a telemanagement system for lighting con-
trol, the number of luminaire nodes 10 is extremely high.
Hence, the size of the network is very large, especially
when compared to common wireless mesh networks,
which typically contain less than 200 nodes. In addition,
the nodes 10 typically have limited processing capabili-
ties due to cost considerations, so that processing and
memory resources in the luminaire nodes 10 will be lim-
ited. Thus, security measures and communication pro-
tocols for transmitting data packets between single nodes
10 should consider the limited resources for efficient and
secure data packet transmission. Finally, compared to
other so-called ad-hoc mesh networks, the telemanage-
ment system for an outdoor lighting control network is
stationary, i.e. the luminaire nodes 10 do not move. Since
the luminaire nodes 10 (e.g. the lamp poles) are station-
ary, node positions will not change over time. Thus, the
physical positions of the nodes 10, for instance GPS-
coordinates or other position data, may be known in the
system, enabling geographic or position-based routing
using pre-programmed or predefined positions, so that
no GPS receiver is required in the single nodes 10. In
addition, the nodes 10 do not need to send position in-
formation updates to other nodes 10.
[0027] In Fig. 3, an exemplary embodiment of a control
unit 100 according to the present invention is shown. This
control unit can be configured to be insertable in an al-
ready existing luminaire node 10 for upgrading the same,
maybe as update software or the like. The control unit
100 comprises a phase-adaptation module 110 and a
phase-aware module 120 for adapting the operational
behavior of the node 10 to a current network phase. Of
course, the phase-adaptation module 110 and the phase-
aware module 120 can also be realized as a combined
module. In addition, the control unit 100 may further com-
prise a memory 130 for storing operation parameters,
routing tables, network phases and other settings of the
node. Furthermore, a transmission unit may be included
for wireless communication, such as radio frequency
based communication (GPRS) and the like.
[0028] According to one embodiment, the phase-ad-
aptation module 110 adjusts operation parameters of the
node 10 according to the current network phase. For in-
stance, when it is determined that the network phase has
changed, the phase-adaptation module 110 of the control
unit 100 adjusts the one or more of the operation param-
eters accordingly. The values of the operation parame-

ters can be predefined for the different network phases
and stored locally at the nodes 10. Alternatively, the op-
eration parameters can be communicated to the nodes
10 by the service center 80 or the segment controller 60.
When receiving a data packet, the phase-aware module
120 of the control unit 100 handles the received data
packet according to the settings of the operation param-
eters. Therefore, the nodes 10 of the network are aware
of the current network phase and its associated operation
parameters.
[0029] For instance, operation parameters can relate
to forwarding, accepting or processing a data packet, up-
dating the routing tables or accepting configuration or
commissioning messages. For example, during a com-
missioning phase of the network, the operation parame-
ter of the node 10 relating to acceptance of commission-
ing messages (commissioning index) will be set such that
the node 10 accepts commissioning messages and proc-
esses them appropriately. In contrast, in a learning phase
or in an operating phase, no commissioning messages
may be accepted. Similarly, it can be determined by an
operation parameter, e.g. by a stranger-acceptance-in-
dex, that messages received from unknown sender
nodes or from unknown intermediate nodes are admis-
sible during the commissioning phase or learning phase,
but not during the operating phase. As a further operation
parameter, a number of messages per unit time may be
defined, which may be set for a certain message type.
For instance, during the commissioning phase, any node
10 is allowed to forward a predefined number n1 of com-
missioning messages per unit time, but during the oper-
ating phase, a node 10 is only allowed to forward up to
n2 commissioning messages per unit time, e.g., with
n1>n2. For realizing this, the phase-aware module 120
can be adapted to keep track of the number n of forward-
ed commissioning messages during the last unit of time
Δt. When this number n exceeds a given threshold (e.g.,
n>nphase), which can be set differently for each network
phase, e.g. n1 for the commissioning phase and n2 for
the operating phase, the node 10 drops all these com-
missioning messages in order to avoid flooding of the
network by fake commissioning messages. In the same
way, the number of messages might have to be in a spe-
cific range. Obviously, instead of a number per unit time,
a frequency can be defined as operation parameter. A
further example for an operation parameter is a routing-
update-index indicating, whether the update of routing
tables is allowed. For instance, a node 10 learns, which
nodes 10 are its neighbors or close-by. This information
can be used in routing protocols, e.g. a node 10 only
forwards messages from/to those nodes listed in its rout-
ing table. For instance, the creation of routing tables can
be limited to a certain time period, e.g. corresponding to
the learning phase. After this time period has passed,
the phase-adaptation module 110 can set the routing-
update-index from "update allowed" to "update prohibit-
ed". Thus, during the operating phase, routing informa-
tion is locked, so that the routing table cannot be
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changed. Hence, when receiving a message comprising
new routing information, the phase-aware module 120
can check the operation parameter of the routing-update-
index in order to determine whether the update of the
routing table is admitted. In general, only minimal chang-
es should be allowed during the operating phase. There-
fore, after the learning phase, a node 10 of the network
considers the network to be substantially static and may
not allow an update of the routing table. By these means,
it can be avoided that far away attacker nodes, e.g. worm-
hole nodes A or B, are integrated in the routing tables of
the nodes 10 as neighbor nodes at a later time, thereby
causing network disruption or denial of service.
[0030] The current network phase can either be locally
determined at the individual nodes 10 or centrally by the
service center 80 or by the segment controller 60. For a
central management of the network phases, the segment
controller 60 or the service center 80 can be adapted to
monitor the status of the nodes 10 in order to determine
the current network phase. Alternatively, the network
phase may be defined in terms of time. After determining
the network phase, the segment controller 60 or the serv-
ice center 80 can securely broadcast to the network or
unicast to each node 10 information about the current
network phase. In addition, the segment controller 60
may also broadcast or unicast operation parameters as-
sociated to the respective network phase. By this cen-
tralized approach, the behavior of the nodes 10 and thus
of the network can be adapted to the network phase.
[0031] In order to determine the current network phase,
the segment controller 60 or the service center 80 can,
e.g., monitor the nodes 10 of the network and the network
traffic. For instance, when a node 10 joins the network,
it is in commissioning mode. This state can be pre-con-
figured, e.g. in the factory. The percentage of nodes 10
having already joined the network can then be centrally
observed, e.g. by the segment controller 60 or by the
service center 80, in order to determine the current net-
work phase. By way of example, if the percentage of the
successfully commissioned nodes 10 exceeds a prede-
termined threshold, usually close to 100, the segment
controller 60 or service center 80 can inform the network
that the commissioning phase is completed and that the
network phase has changed to the learning phase. When
being informed that the current network phase has
changed to the learning phase, the phase-adaptation
modules 110 of the nodes 10 adjust the operation pa-
rameters accordingly. If values of the operation param-
eters associated to the new network phase are also com-
municated by the segment controller 60 or the service
center 80, the phase-adaptation modules 110 set the op-
eration parameters of the nodes 10 correspondingly. Af-
ter a given period of time, which can be fixed dependent
on the network size or on the feedback collected from
the nodes 10 of the network, the service center 80 or
segment controller 60 can determine to change the cur-
rent network phase from the learning phase to the oper-
ating phase. Again, the nodes 10 of the network are in-

formed about the new network phase.
[0032] In an alternative embodiment, a distributed
management of the network phases is suggested. In this
embodiment, the current network phase is determined
locally at the node 10, e.g. based on received messages
or by observing the network traffic. In one example, each
node 10 knows that it will go through at least three net-
work phases, i.e. a commissioning phase, a learning
phase and an operating phase. When a node 10 is in-
stalled in the network, it will join the network to be com-
missioned. During this period of time, the node 10 will
observe new nodes 10 appearing and the node 10 will
have to forward commissioning messages from other
nodes 10. Therefore, the node 10 can keep track of the
number of forwarded commissioning messages per unit
time, as illustrated in the upper graph of fig. 4. After some
time, i.e. towards the end of the network commissioning,
the node 10 will observe a drop in the number of com-
missioning messages at some time t1. If the rate of com-
missioning messages or the frequency of commissioning
messages stays low for a certain time interval Beta, the
node 10 will determine that the commissioning phase is
completed and that the current network phase has
changed, e.g. to the operating phase, as depicted on the
lower graph of fig. 4. Thus, the node 10 can rely on own
information to gain information about the current network
phase without requiring intervention of the segment con-
troller 60 or the service center 80.
[0033] In a further embodiment, the network nodes 10
are switchable to any of the network phases, regardless
of whether they have been in this phase before. For in-
stance, a RF lighting system, which is already in the op-
erating phase, may have occasionally to be extended by
additional luminaire nodes 10. In this case, it may be
advantageous to switch the network to an intermediate
network phase, e.g. to one of the initial network phases
such as the commissioning or learning phase, depending
on the circumstances. In one embodiment of central
phase management, the segment controller 60 is in
charge of the management of the network. Before the
network is extended for adding new luminaire nodes 10,
the segment controller 60 informs the network about the
situation, e.g. by means of securely broadcast or unicast.
For instance, the network can be informed that new lu-
minaire nodes 10 will be included and that non-verifiable
messages such as commissioning messages are al-
lowed to be forwarded. Likewise, the network nodes 10
can be informed that it is allowed to update routing tables
or general parameters or settings of the node 10. Thus,
the phase-adaptation modules 110 of the single nodes
10 can set operating parameters, e.g. the routing-update-
index or setting-update-index, correspondingly for indi-
cating the new processing rules to the phase-aware mod-
ule 120. Of course, an appropriate combination of oper-
ation parameters can be set by the segment controller
60 including e.g. at least one of the commissioning index,
the stranger-acceptance-index, the threshold number of
messages, the routing-update-index, an area threshold,
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a maximum time threshold and the setting-update-index.
[0034] However, by allowing these changes or updates
at the nodes 10, the security of the network is weakened.
Therefore, one or more of these operation parameter set-
tings may be limited to a certain time window. Alterna-
tively, the segment controller 60 informs the network
nodes 10, when the intermediate network phase is com-
pleted. Then, the phase-adaptation modules 110 of the
nodes 10 will reset the temporarily changed operation
parameters to the values of the operation parameters
corresponding to the network phase, from which the tem-
poral phase has been initiated. By these means, the net-
work remains flexible for changes.
[0035] In fig. 5, an example for processing a received
data packet corresponding to the current network phase
is shown. As described above, the current network phase
is determined either centrally or locally (S500). However,
a node 10 knows about the current network phase and
its operation parameters are set accordingly by the
phase-adaptation module 110 (S510). If the node 10 re-
ceives a data packet (S520), the data packet is analyzed
(S510). This analysis may only relate to checking wheth-
er the data packet is complying with the set operation
parameters of the node 10, i.e. whether processing of
the data packet is admitted according to the operation
parameters. For instance, if the operation parameter
stranger-acceptance-index is set to "false", the data
packet is only accepted if the sender node and/or the
forwarding node is known, e.g. listed in the routing table
of the receiving node 10. Likewise, all other operation
parameters may be checked in order to determine wheth-
er to accept the data packet. However, the analysis in
step S530 may additionally include further analysis, e.g.
with respect to at least one of the sender node, the for-
warding node, from which the data packet is received,
the destination node, or security parameters included in
the data packet such as a counter C associated to the
forwarding node, a message integrity code MIC or the
like. Based on the result of the analysis, it is decided
whether to accept the data packet or not (S540). If either
the analysis of the data packet is negative or if it is de-
termined that the data packet is not acceptable due to
operation parameters of the node 10, the data packet is
dropped (S540). However, if the data packet complies
with the conditions of the operation parameters and if all
additional analysis has been positive, the data packet is
accepted in step (S550) and the phase-aware module
120 proceeds to process the data packet based on the
current operation parameters. For instance, depending
on the situation, the data packet can be forwarded to its
next-hop node towards its final destination or it can be
decoded, if the receiving node 10 is the final destination.
Also, processing may comprise using information includ-
ed in the data packet for updating routing tables or set-
tings of the node 10, if this is allowed according to the
operation parameters of the node 10. Therefore, since
the operation parameters of the node 10 are set corre-
sponding to the current network phase and received data

packets are processed correspondingly, the behavior of
the network nodes 10 can be adapted to the current net-
work phase. By these means, the vulnerability of the net-
work can be reduced to the minimum.
[0036] In fig. 6, a detection of an attack is illustrated
according to an embodiment of the present invention. In
general, the node 10 is aware of the current network
phase and its operation parameters are set accordingly.
For attack detection, the node 10 observes the network
behavior either continuously or in predetermined time in-
tervals (S600). For instance, the node 10 monitors the
data traffic, e.g. by means of received data packets, data
packets to be forwarded and the like. In step S610, the
network behavior is analyzed in order to determine,
whether the network behavior is allowed. This can be
performed by the phase-aware module 120 of the node
10 based on the current operation parameters. In one
example, this determination process of step S 610 cor-
responds to the analysis of single data packets, e.g. as
described with respect to fig. 5, step S530. When the
network behavior was found to be unusual or not allowed
for the current network phase, the node 10 is set into an
attack state (S620). In particular, if a node 10 notices that
processing of a data packet is refused, e.g. due to the
analysis result in step S530 or that it is not allowed to
perform a requested action on the data packet, such as
to forward a received data packet, the node 10 can de-
termine an attack state (S620). Preferably, the attack
state is not activated by a single incident, but after a cer-
tain number of such incidents. A corresponding threshold
may be predefined at the node 10. After the attack state
is activated, the node 10 can act accordingly. For in-
stance, the node 10 can transmit an attack alarm to the
network or the segment controller 60 or to the service
center 80, using broadcast, unicast, flooding or the like,
in order to activate the attack state at other nodes 10 or
to inform the segment controller 60 or the service center
80. Moreover, the operation parameters of the node 10
in the attack state can be set to the most restrictive and
secure settings. Preferably, also all received messages,
which have to be forwarded, are dropped. By these
means, an attack can be warded off, before it can do any
harm to the network.
[0037] Therefore, according to the present invention,
the initiation of hostile attacks can be impeded and on-
going hostile attacks can be blocked by means of a
phase-aware node behavior. By admitting security holes
in the network only during network phases, in which this
is absolutely necessary for the operation of the network,
the vulnerability of the network is minimized. Moreover,
by the ability to switch the network into any of the network
phases, the network remains flexible for upgrades,
changes or extension. This can be all achieved according
to the present invention, without complicating the single
node operation or degrading the communication efficien-
cy.
[0038] In the foregoing description, embodiments of
the invention have been described using the example of
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a lighting system. However, many other networks and
systems, in particular wireless networks using standards
such as lightweight ZigBee-IP, 6LoWPAN/CoRE can
benefit from the same basic principles to prevent attack-
ers from launching DoS and other hostile attacks.

Claims

1. A control unit (100) for a node (10) of a network,
characterized by comprising:

a phase-adaptation module (110) configured to
adjust at least one operation parameter of the
node (10) based on a current network phase,
wherein the current network phase is one of a
plurality of network phases comprising at least
one of a commissioning phase, during which a
node joins the network and is commissioned to
be a member of the network; a learning phase
during which a node learns about its neighbors
and an operating phase, during which a node
operates within the network; and
a phase-aware module (120) configured to proc-
ess a received data packet based on the oper-
ation parameter, so that security holes for a cer-
tain network phase are limited in time to the re-
spective phase.

2. A control unit (100) according to claim 1, wherein the
phase-aware module (120) is further adapted to an-
alyze received data packets for observing network
behavior and to compare the observed network be-
havior to one or more predefined phase character-
istics.

3. A control unit (100) according to claim 1 or 2, wherein
if an observed network behavior deviates from one
or more predefined phase characteristics, an attack
state is determined, and/or an alarm is triggered.

4. A control unit (100) according to claim 3, wherein a
received data packet is dropped in an attack state.

5. A control unit (100) according to any one of the pre-
ceding claims, wherein processing a received data
packet includes at least forwarding the data packet
towards its destination and/or updating routing infor-
mation and/or changing node settings.

6. A control unit (100) according to any one of the pre-
ceding claims, wherein the operation parameter of
the node (10) includes at least one of a threshold
number of messages, a threshold frequency of mes-
sages, an area threshold, a maximum time thresh-
old, a stranger-acceptance-index, a commissioning
index, a setting-update-index and a routing-update-
index.

7. A control unit (100) according to any one of the pre-
ceding claims, wherein a current network phase is
determined based on phase characteristics and/or
based on information provided by a central controller
(60) or service center (80).

8. A control unit (100) according to any one of the pre-
ceding claims, wherein the operation parameter or
a set of operation parameters is predefined for at
least one network phase.

9. A control unit (100) according to any one of the pre-
ceding claims, wherein the node (10) is adapted to
be switched to one of the network phases.

10. A control unit (100) according to any one of the pre-
ceding claims, wherein at least one of the network
phases is limited to a time or area interval.

11. A control unit (100) according to any one of the pre-
ceding claims, wherein the node (10) is a luminaire
node of a lighting system.

12. A system for a network, comprising:

a plurality of nodes (10), at least some including
a control unit (100) according to one of the pre-
ceding claims; and
a central controller (60);
wherein the plurality of nodes (10) and the cen-
tral controller (60) are adapted for wireless com-
munication.

13. The system for a network according to claim 12,
wherein the central controller (60) or the nodes (10)
are adapted to determine a network phase based on
an average status of at least a sub-set of nodes (10).

14. A method for operating a network with a plurality of
nodes (10), characterized by comprising the steps
of:

adjusting at least one operation parameter of at
least one node (10) based on a current network
phase, wherein the current network phase is one
of a plurality of network phases comprising at
least one of a commissioning phase, during
which a node joins the network and is commis-
sioned to be a member of the network; a learning
phase during which a node learns about its
neighbors and an operating phase during which
a node operates within the network; and
processing of a data packet received by the
node (10) based on the operation parameter, so
that security holes for a certain network phase
are limited in time to the respective phase.
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Patentansprüche

1. Steuereinheit (100) für einen Knoten (10) eines Netz-
werks, gekennzeichnet durch das Umfassen:

eines Phasenanpassungsmoduls (110), konfi-
guriert zum Einstellen mindestens eines Be-
triebsparameters eines Knotens (10) basierend
auf einer derzeitigen Netzwerkphase, wobei die
derzeitige Netzwerkphase eine einer Vielzahl
von Netzwerkphasen ist, umfassend mindes-
tens eine von einer Inbetriebnahmephase, in der
ein Knoten dem Netzwerk beitritt und als ein Mit-
glied des Netzwerks in Betrieb genommen wird;
einer Lernphase, während der ein Knoten über
seine Nachbarn lernt und einer Betriebsphase,
während der ein Knoten innerhalb eines Netz-
werks betrieben wird; und
eines phasenbewussten Moduls (120), konfigu-
riert zum Verarbeiten vom empfangenen Daten-
paket basierend auf dem Betriebsparameter,
sodass Sicherheitslücken für eine gewisse
Netzwerkphase auf die zugehörige Phase zeit-
lich begrenzt sind.

2. Steuereinheit (100) nach Anspruch 1, wobei das
phasenbewusste Modul (120) weiter dazu ausgelegt
ist, um empfangene Datenpakete zu analysieren,
um das Netzwerkverhalten zu analysieren und das
beobachtete Netzwerkverhalten mit einer oder meh-
reren vordefinierten Phaseneigenschaften zu ver-
gleichen.

3. Steuereinheit (100) nach Anspruch 1 oder 2, wobei,
falls ein beobachtetes Netzwerkverhalten von einer
oder mehreren vordefinierten Phaseneigenschaften
abweicht, ein Angriffszustand bestimmt wird
und/oder ein Alarm ausgelöst wird.

4. Steuereinheit (100) nach Anspruch 3, wobei ein
empfangenes Datenpaket in einem Angriffszustand
fallengelassen wird.

5. Steuereinheit (100) nach einem der vorstehenden
Ansprüche, wobei das Verarbeiten eines empfange-
nen Datenpakets mindestens das Weiterleiten des
Datenpakets zu seinem Ziel und/oder das Aktuali-
sieren von Routing-Informationen und/oder das Än-
dern von Knoteneinstellungen einschließt.

6. Steuereinheit (100) nach einem der vorstehenden
Ansprüche, wobei der Betriebsparameter des Kno-
tens (10) mindestens eines von einer Schwellenan-
zahl von Nachrichten, einer Schwellenhäufigkeit von
Nachrichten, einer Bereichsschwelle, einer maxima-
len Zeitschwelle, einem Fremder-Akzeptanz-Index,
einem Inbetriebnahme-Index, einem Einstellungs-
Aktualisierungs-Index und einem Routing-Aktuali-

sierungs-Index einschließt.

7. Steuereinheit (100) nach einem der vorstehenden
Ansprüche, wobei eine derzeitige Netzwerkphase
basierend auf Phaseneigenschaften und/oder ba-
sierend auf Informationen bestimmt wird, die von ei-
ner zentralen Steuerung (60) oder einem Service-
center (80) bereitgestellt werden.

8. Steuereinheit (100) nach einem der vorstehenden
Ansprüche, wobei der Betriebsparameter oder ein
Satz von Betriebsparametern für mindestens eine
Netzwerkphase vordefiniert ist.

9. Steuereinheit (100) nach einem der vorstehenden
Ansprüche, wobei der Knoten (10) dazu ausgelegt
ist, auf eine der Netzwerkphasen umgeschaltet zu
werden.

10. Steuereinheit (100) nach einem der vorstehenden
Ansprüche, wobei mindestens eine der Netzwerk-
phasen auf ein Zeit- oder Bereichsintervall begrenzt
ist.

11. Steuereinheit (100) nach einem der vorstehenden
Ansprüche, wobei der Knoten (10) ein Leuchtenkno-
ten eines Beleuchtungssystems ist.

12. System für ein Netzwerk, umfassend:

eine Vielzahl von Knoten (10), von denen min-
destens einige eine Steuereinheit (100) nach ei-
nem der vorstehenden Ansprüche einschlie-
ßen; und
eine zentrale Steuerung (60);
wobei die Vielzahl von Knoten (10) und die zen-
trale Steuerung (60) für eine drahtlose Kommu-
nikation ausgelegt sind.

13. System für ein Netzwerk nach Anspruch 12, wobei
die zentrale Steuerung (60) oder die Knoten (10) da-
zu ausgelegt sind, um eine Netzwerkphase basie-
rend auf einem Durchschnittsstatus von mindestens
einer Teilmenge von Knoten (10) zu bestimmen.

14. Verfahren zum Betreiben eines Netzwerks mit einer
Vielzahl von Knoten (10), gekennzeichnet durch
das Umfassen der folgenden Schritte:

Einstellen mindestens eines Betriebsparame-
ters mindestens eines Knotens (10) basierend
auf einer derzeitigen Netzwerkphase, wobei die
derzeitige Netzwerkphase eine einer Vielzahl
von Netzwerkphasen ist, umfassend mindes-
tens eine von einer Inbetriebnahmephase, in der
ein Knoten dem Netzwerk beitritt und als ein Mit-
glied des Netzwerks in Betrieb genommen wird;
einer Lernphase, während der ein Knoten über
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seine Nachbarn lernt und einer Betriebsphase,
während der ein Knoten innerhalb eines Netz-
werks betrieben wird; und
Verarbeiten eines Datenpakets, das durch den
Knoten (10) empfangen wird, basierend auf dem
Betriebsparameter, sodass Sicherheitslücken
für eine gewisse Netzwerkphase auf die zuge-
hörige Phase zeitlich begrenzt sind.

Revendications

1. Unité de commande (100) pour un nœud (10) d’un
réseau, caractérisé en ce qu’il comprend :

un module d’adaptation de phase (110) confi-
guré pour ajuster au moins un paramètre opé-
ratoire du nœud (10) sur la base d’une phase
de réseau courante, dans laquelle la phase de
réseau courante est l’une d’une pluralité de pha-
ses de réseau comprenant au moins l’une d’une
phase de mise en service, au cours de laquelle
un nœud rejoint le réseau et est mis en service
pour être un membre du réseau ; d’une phase
d’apprentissage au cours de laquelle un nœud
apprend sur ses voisins et d’une phase opéra-
toire au cours de laquelle un nœud fonctionne
au sein du réseau ; et
un module sensible à la phase (120) configuré
pour traiter un paquet de données reçu sur la
base du paramètre opératoire de sorte que les
trous de sécurité pour une certaine phase du
réseau soient limités dans le temps à la phase
respective.

2. Unité de commande (100) selon la revendication 1,
dans laquelle le module sensible à la phase (120)
est en outre à même d’analyser les paquets de don-
nées reçus pour observer le comportement du ré-
seau et comparer le comportement du réseau ob-
servé à une ou plusieurs caractéristiques de phase
prédéfinies.

3. Unité de commande (100) selon la revendication 1
ou 2, dans laquelle, si un comportement du réseau
observé dévie d’une ou plusieurs caractéristiques
de phase prédéfinies, un état d’attaque est détermi-
né et/ou une alarme est déclenchée.

4. Unité de commande (100) selon la revendication 3,
dans laquelle un paquet de données reçu est éliminé
dans un état d’attaque.

5. Unité de commande (100) selon l’une quelconque
des revendications précédentes, dans laquelle le
traitement d’un paquet de données reçu comprend
au moins l’acheminement du paquet de données
vers sa destination et/ou la mise à jour d’informations

de routage et/ou le changement de réglages du
nœud.

6. Unité de commande (100) selon l’une quelconque
des revendications précédentes, dans laquelle le pa-
ramètre opératoire du nœud (10) comprend au
moins l’un d’un nombre de seuil de messages, d’une
fréquence de seuil de messages, d’un seuil de sur-
face, d’un seuil de temps maximal, d’un indice d’ac-
ceptation d’étrangers, d’un indice de mise en servi-
ce, d’un indice de mise à jour de réglages et d’un
indice de mise à jour de routage.

7. Unité de commande (100) selon l’une quelconque
des revendications précédentes, dans laquelle une
phase de réseau courante est déterminée sur la ba-
se de caractéristiques de phase et/ou sur la base
d’informations fournies par un dispositif de comman-
de central (60) ou un centre de service (80).

8. Unité de commande (100) selon l’une quelconque
des revendications précédentes, dans laquelle le pa-
ramètre opératoire ou un ensemble de paramètres
opératoires est prédéfini pour au moins une phase
de réseau.

9. Unité de commande (100) selon l’une quelconque
des revendications précédentes, dans laquelle le
nœud (10) est à même d’être commuté à l’une des
phases du réseau.

10. Unité de commande (100) selon l’une quelconque
des revendications précédentes, dans laquelle au
moins l’une des phases du réseau est limitée à un
intervalle de temps ou de surface.

11. Unité de commande (100) selon l’une quelconque
des revendications précédentes, dans laquelle le
nœud (10) est un nœud de luminaire d’un système
d’éclairage.

12. Système pour un réseau, comprenant :

une pluralité de nœuds (10) dont au moins cer-
tains comprennent une unité de commande
(100) selon l’une quelconque des revendica-
tions précédentes ; et
un dispositif de commande central (60) ;
dans lequel la pluralité de nœuds (10) et le dis-
positif de commande central (60) sont adaptés
à une communication sans fil.

13. Système pour un réseau selon la revendication 12,
dans lequel le dispositif de commande central (60)
ou les nœuds (10) est ou sont à même de déterminer
une phase de réseau sur la base d’un état moyen
d’au moins un sous-ensemble de nœuds (10).
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14. Procédé de fonctionnement d’un réseau avec une
pluralité de nœuds (10), caractérisé en ce qu’il
comprend les étapes consistant à :

ajuster au moins un paramètre opératoire d’au
moins un nœud (10) sur la base d’une phase de
réseau courante, dans lequel la phase de ré-
seau courante est l’une d’une pluralité de pha-
ses de réseau d’au moins l’une d’une phase de
mise en service, au cours de laquelle un nœud
rejoint le réseau et est mis en service pour être
un membre du réseau ; d’une phase d’appren-
tissage au cours de laquelle un nœud en ap-
prend sur ses voisins et d’une phase opératoire
au cours de laquelle un nœud fonctionne au sein
du réseau ; et
traiter un paquet de données reçu par le nœud
(10) sur la base du paramètre opératoire de sor-
te que des trous de sécurité pour une certaine
phase de réseau soient limités dans le temps à
la phase respective.
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