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TECHNI CAL FI ELD

The invention relates to a system for conmmunicating
with a radio tag.

BACKGROUND

For exanple, a system nentioned at the outset is known
from DE 44 39 074 Al. According to this docunent, all
radio tags nust be in their active state at the tine a
preanble is sent out, so as to enable a synchronous
data transmssion to the radio tag in tinme w ndows
all ocated thereto. This measure is associated with a
| ow energy and system efficiency. Further known from WO
2010/ 004349 Al is a systemin which the radio tags are
allocated to individual tinme slots. For purposes of
synchroni zation with the comunication station, the
|atter sends out a preanble. This preanble contains
several data packets, which indicate a deviation froma
reference instant for the synchronous state between the
communi cation station and radio tag. At an instant that
is defined by their internal tinme base and lies in the
timespan within which the preanble appears, the radio
tags pass from a sleep state to an active state, and
t her eupon recei ve one of the data packets. The internal
tinme base in the radio tags is corrected using the
respectively received data packets and the deviation
from the reference instant coded therein, so as to
reset the next wakeup instant, and thereby maintain a
synchronous state wth the comrunication station.
However, the preanble used has proven itself



di sadvant ageous, because it produces a relatively high
data vol une.

The object of the invention is to provide a systemt hat
avoi ds the problens enunerated at the outset.

SUMVARY OF THE | NVENTI ON

This object is achieved by a system according to claim
1.

Therefore, the subject matter of the invention involves
a system that conprises a comrunication station for
communi cating with a nunber of radio tags in a tine
sl ot conmuni cation process, in which a nunber of tine
slots per tine slot cycle in a repeating sequence are
avai l able for communication, and each tinme slot is
characterized by a distinct tinme slot synbol, wherein
the comunication station is designed to send out a
synchroni zation data signal conprising the tine slot
synbol for the currently present tinme slot, and wherein
a radio tag is designed for changing froma sleep state
into an active state at a wakeup instant, and for
recei ving the synchroni zation data signal in the active
state and, if the received tinme slot synbol indicates a
time slot intended for it, for defining a new wakeup
I nstant corresponding to the next appearance of the
tinme slot intended for it in a tinme slot cycle that
follows the currently present tinme slot cycle.

The advantage to the neasures according to the
I nvention IS t hat a synchroni sm between t he
communi cation station and a radio tag is detected,
mai nt ai ned and ensured during system operation in the
easi est possible and yet extrenely robust manner. As
opposed to known neasures, all radio tags now need no
| onger simultaneously be in their active state at a



specific instant to remain synchronous with the tine
grid of the tinme slot conmunication process defined by
the communication station. Data indicating a tine
deviation from a reference instant also need not be
received and evaluated, which had proven to be very
conplicated with respect to the processing of these
data and the data volune during comunication with the
communi cation station. According to the invention, it
Is enough for each radio tag that participates in
comruni cating with the comunication station to know
about the tinme slot synbol indicating the tine slot
intended for it. Each of the radio tags is thus
individually oriented to the appearance of a tine slot
synbol relevant to it, identifies the tinme slot synbol
relevant to it, and defines its next wakeup instant, so
as to with the timng of the tinme slot conmunication
process prescribed by the communication station. It is
here entirely sufficient that the tinme slot synbol
clearly identify the respective tine slot, e.g., wth
an individual tinme slot code for each tine slot.
Qper ati ng a radi o tag synchronously wth t he
communi cat i on station does not require codi ng
additional information into the synchronization data
signal, as explained in relation to the known neasures.
The radio tag determines its synchronism with the
communi cation station solely by virtue of recognizing
the tinme slot synbol that appears at the instant it
expects or wthin an expectation tine wndow, and
di splays the tinme slot intended for it.

After the radio tag has determned it synchronism as
expl ai ned above, it is essentially sufficient for it to
again switch into the sleep state, since the next
wakeup instant is automatically known from the tine
wi ndow of the time slot comrunication process known to
it. As a consequence, defining the new wakeup instant
can be confined to restarting a tinme control stage



(e.g., a tinmer) of the radio tag wth the timng
paraneters already used beforehand for switching from
the sleep state into the active state. The radio tag
can thereafter again switch into the sleep state and
reside there until the tinme controller again triggers a
wakeup and switch fromthe sleep state into the active
state at the new wakeup point in the next tine slot
cycle. However, the radio tag does not absolutely have
to reside in the sleep state for the renumi nder of the
time slot intended for it, but can rather also process
additional tasks in an active state during the tine
slot or even the tine slot cycle. The tinme controller
di scussed above then operates in the background,
I ndependently of its other activities. The new wakeup
instant can be defined by determning an absolute or
relative time indication, e.g., relative to the instant
at which the synchronization data signal appears or
relative to the instant at which the sleep state is
again assuned after the active state or also relative
to the instant at which the end of the synchronization
data signal sets in. However, defining the new wakeup
instant can also be construed to nmean that the new
wakeup instant is determned by the duration of the
sleep state following the active state in which the
time slot synbol was received or even by the sum of the
sleep state and active state durations or also the sum
of several such sleep state sequence durations. Since
each radio tag operates its own tine control stage and
exenplary variabilities in the Dbehavior of t he
respective electronic conponents cannot be ruled out,
defining the new wakeup instant can also involve
conpensating for a drift in its tinme base that is
individually present for each radio tag. To this end,
for exanple, a tinme difference between the expected
appearance of the synchroni zation data signal with the
time slot synbol indicating the tine slot intended for
the respective radio tag and the actual appearance can



be neasured in the radio tag, and considered for
correcting its timng in the time control stage.
However, conpensation takes place only if synchronism
is determned. But if another tine slot synbol was
received in place of the expected tine slot synbol, no
synchronismis present, and the radio tag would have to
perform a new synchroni zation, which will be discussed
bel ow.

In the tinme slot comrunication process, mtinme slots,
e.g., 255 time slots, are used within n seconds, e.g.
15 seconds. The n seconds constitute a tine slot cycle.
In this tinme slot communication process, then, mtine
slots are available within a time slot cycle for
communi cating with the radio tags. Each of the radio
tags can be allocated to one of the tine slots, wherein
several radio tags can also be allocated to a specific
time slot.

A radio tag essentially conprises a radi o conmuni cati on
stage, also called a transceiver, and a logic stage
that interacts with the latter, which provides the
| ogi cal function of a tag. For exanple, the | ogic stage
can be conpletely realized by hardware, or exhibit a
m croprocessor and nenory nodules or a mcrocontroller
with integrated nmenory nodules, making it possible to
run software stored in the nenory nodules. A tag can
receive a radio signal with its radio comunication
stage, process received data contained in the radio
signal with the logic stage, and if necessary generate
response data with the logic stage, and deliver the
|atter again as a radio signal via the radio
comruni cation stage. The radio comrunication stage
conprises nmeans for radi o conmunication and conversion
of analog signals into digital signals and vice versa.



For purposes of power supply, such a radio tag can
exhibit an energy storage device, e.g., a battery or
solar panel coupled with a rechargeable battery. In
order to operate as energy efficiently as possible, the
radio tags exhibit different operating states. A radio
tag conprises a relatively high power consunption in
the active state. For exanple, the active state is
present when transmtting or receiving data, updating
di spl ays, neasuring battery voltages, etc. By contrast,
a relatively |l ow power consunption is present in the
sleep state. As many el ectronic conponents as possible
are preferably separated or switched off fromthe power
supply or at least operated in a node with the |owest
possi bl e power demand. The active state IS
predom nantly present in the tinme slot determ ned for
the radio tag for communication wth the comrunication
station. In the active state, the radio tag conprises a
reception readiness, for exanple, so as to receive
commands and potentially also reception data from the
communi cation station, and process the latter with the
help of the logic stage. In the active state, the logic
stage can also be used to generate transm ssion data
and conmmunicate them to the comunication station.
Qutside of the time slot intended for the radio tag

the radio tag is predomnantly operated in the energy-
saving sleep state. In the sleep state, the | ogic stage
or time control stage only perforns those activities
required for timng to ensure tinmely wakeup, so that
the radio tag is ready to receive the synchronization
data signal and/or communicate with the comunication
station at the next tinme slot intended for it. In order
to operate energy efficiently and thus achieve the
| ongest possible service life for the radio tag, the
under | ying operating strat egy IS to keep t he
synchronous radio tag in the sleep state as long as
possible, and only operate it in the active state for
the shortest possible tinme span when absolutely



necessary for data transm ssion with the conmunication
station.

The comunication station can be a self-contained,
aut ononous device wth server functionality. The
communi cation station wll preferably forman interface
bet ween hard-wired communication, for exanple with a
data processing device (e.g., a server), and wreless,
radi o- based communi cation with the radi o tags.

In order to be available for communicating with the
communi cation station, the radio tags can first be
registered wwth the comruni cation station or allocated
toit.

Addi tional, especially advantageous enbodinents and
further devel opnents of the invention nay be gl eaned
from the dependent <clains, as well as from the

foll om ng description.

The measures according to the invention can be used not
just to easily ensure the synchronism between the
communi cation station and a radio tag, but also to
return a radio tag that appeared in an asynchronous
state into the tinme schene of the time slot
communi cation process wthout any problem i.e., to
agai n synchronize it. To this end, such an asynchronous
radio tag swtches fromits sleep state into its active
state not periodically, as wuld be the case in the
synchronous state, but rather a single tine at any
instant desired, for exanple, and resides in this
active state at reception readiness. If nothing has
been received within a specific tinespan, e.g., wthin
a time slot duration, it again switches into the sleep
node, and repeats the attenpt at reception at another
instant. As soon as a synchronization data signal has
been received, the tinme slot synbol is evaluated. In



all probability, the time slot synbol here received
indicates a tine slot not intended for it, which is
det erm ned autononously by the radio tag. The radio tag
knows the systematics behind the appearance of the tine
slot synbols, and after evaluating the received tine
sl ot synbol can independently decide whether it can

still expect the tinme slot intended for it in the
present tinme slot cycle (first case) or only in the
ensuing tinme slot cycle (second case). In the first

case, the radio tag is designed to define a new wakeup
instant in the currently present tine slot cycle that
corresponds to the next appearance of the tinme slot
intended for it. By evaluating the received tinme slot
synbol and knowing the systematics behind the
appearance of the tinme slot synbols, the radio tag
determned that the tinme slot intended for it wll
still appear in the currently present tinme slot cycle.
In the second case, the radio tag is designed to define
a new wakeup instant corresponding to the next
appearance of the tine slot intended for it in the tine
slot cycle that follows the currently present tinme slot
cycle. By evaluating the received tine slot synbol and
knowi ng the systematics behind the appearance of the
time slot synbols, the radio tag determ ned that the
time slot intended for it will no |onger appear in the
currently present time slot cycle, because it already
appeared in this time slot cycle in the past. As
al ready explained at the outset with respect to the
synchronous state, aforesaid tinme controller is also
used for this type of definition for the new wakeup
instant, wherein the tinme controller is now operated
with the timng paranmeter with which the desired entry
into the synchronous state is achieved. The timng
paraneter to be selected is derived by the radio tag
from the inherent know edge of the time slot
comruni cation process that is wused; i.e., it is
determ ned by the | ogic stage.



The correct wakeup instant for the respective radio tag
is defined by the radio tag with know edge of the
paranmeters for the tinme slot comunication process.
These paraneters can be queried by the radio tag during
its registration by the comunication station or
transmtted to it, or already be programmed into the
radio tag in advance. In both cases, it nmakes sense for
the radio tag to exhibit a nenory stage for storing the
paranmeters of the time slot communication process, and
for the radio tag to be designed to access and consi der
these paraneters for defining the new wakeup instant.
The paraneters can represent all details involved in
timng the time slot communication process, such as
paraneters relating to tinme sequences for communi cation
between the comunication station and the radio tag,
paraneters relating to predefined instants or tine
segnents, but also paraneters relating to the basic
structure of the time slot conmunication process, e.g.,
nunber of tinme slots, duration of a time slot, duration
of the time slot cycle, or also as paraneters the
explicitly indicated time slot synmbols for identifying
the individual tinme slots or also algorithnms for
calculating the time slot synbols. An asynchronous
radi o tag can use these paraneters to autononously and
automatically easily clarify whether, based on the tine
sl ot synbol just received, the tine slot intended for
it can still be expected to be within the currently
present time slot cycle, or whether the tinme slot
intended for it already belongs to the past in the
present tinme slot cycle, and thus the next tine slot
intended for it will only appear in the next tinme slot
cycle. In the active state, the radio tag in question
calcul ates the new wakeup instant, switches into the
sleep state, and switches into the active state at the
conput ed wakeup instant, receives the tine slot synbol
of the tinme slot intended for it, and thereafter again
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is in the synchronous state. If no other activities are
expected of it in the present tinme slot, it only
switches back into the active state in the next tinme
slot cycle, so as to receive the synchronization data
signal in the tinme slot intended for it.

In another aspect of the invention, the radio tag can
exhibit a nmenory stage for storing a representation of
the tinme slot synbol that indicates the tine slot
i ntended for it.

The two nenory stages (nenory stage for storing the
paraneters and menory st age for storing t he
representation) can be realized by a single nenory chip
or by various ones. They can be provided in various
storage locations of this nenory chip, and be subject
to various access rights. However, they can also be
realized with different nenory nodul es, for exanple for
security-rel ated reasons.

It has proven advantageous for the representation of
the tinme slot synmbol to be realized with a hardware
address of the radio tag that clearly identifies the
radi o tag, and unchangeably programmed into the nenory
stage. This nmkes it possible to reliably avoid
undesirabl e, and even at tinmes f raudul ent ,
mani pul ations of the radio tag. Since each radio tag
conprises a distinct hardware address, even an
allocation to a tinme slot that follows a strict and
I nal terabl e schene can thus be established.

Aforesaid representation of the tinme slot synbol is
especially preferably realized by the | east significant
bit or least significant byte of the hardware address,
wherein it nust be possible to image at |east the
nunber of time slots existing in the tinme slot cycle
with this group of used bits. For exanple, only the
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| east significant 8 bits or one byte are required given
256 tinme slots, and only the least significant 7 bits
of the hardware address in the case of 128 tinme slots.
In this conjunction, let it also be noted that it is
advant ageous for the nunmber of tine slots to correspond
to a power of 2.

Let it be noted that the representation of the tine
slot synbol or the tine slot synbol itself can also be
conprised of a conbination of the hardware address
nment i oned above and a preprogramed ot her val ue.

The radio tag is designed to check whether a tinme sl|ot
synbol known to it corresponds with one present upon
recei ving the synchronization data signal. For exanple,
the check can take place with the assistance of an
al gorithm which delivers a check result on a processor
of the radio tag while running software that describes
the algorithm For exanple, the algorithm can convert
the received tine slot synbol into the representation
known to the radio tag, and then perform a conpari son.
However, the radio tag can also proceed in an opposite
manner from the representation known to the radio tag
and convert into a tine slot synbol to be expected, and
then conpare the received tinme slot synbol to the
expected one. However, it is advantageous for a sinple
conparison to be perfornmed between two binary coded
synbols, for exanple, since this can take place very
quickly and with a relatively | ow power demand at the
processor level in a sinple registry conparison.

A distinct identification defined in the system
bef orehand can basically be used for each tinme slot.
However, it has proven to be especially advantageous

t hat the communication station be designed for
generating the time slot synbol as the consecutive
nunmber (“also slot I1D') of the respective tinme slot
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corresponding to its appearance in the sequence of tine
slots in the tine slot cycle. In each tinme slot cycle,
then, the nunber 1 is allocated to the first tine slot,
the nunber 2 to the second tinme slot, and so on. As a
result, a tinme slot synbol can be generated in the
easi est possible nmanner wthout wusing conplicated
algorithms, which also brings with it mniml data
traffic during the transmssion of data from the
communi cation station to the radio tag. Only a single
dat a packet nmust be sent out for use in
synchroni zation. Therefore, the total data volune
avai l able per tinme slot or also per tine slot cycle is
barely influenced by the transm ssion of the tine slot
synbol . For this reason, channel assi gnment S
optim zed, because the nunber of data packets per tine
slot or also per time slot cycle that is required for
synchroni zation is as |low as possible. The nunber of
time slots encountered in the time slot cycle
ultimately determnes the nunber of bits that are
required for generating the respective nunber for the
time slot (i.e., for its nuneration) and conprise the
data packet needed for synchronization. Because each
bit can indicate two states, it is advantageous for the
nunmber of time slots per tinme cycle to be a power of 2.
As a consequence, the tinme required for receiving the
time slot synbol can be correspondingly brief, which
reflects positively on the energy bal ance of the radio
tag. In particular when parts of the hardware address
on the side of +the radio tag are wused as a
representation of the time slot synbol known to the
radio tag, the check for agreenent between the received
and stored tine slot synbol can be perfornmed quickly
and easily. The radio tags synchroni ze thenselves wth
the comrunication station or the tine grid defined by
them for the time slot communication process in the
easi est possi bl e manner based on the tine slot nunber.
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The synchroni zati on data signal could basically consi st
exclusively of the time slot synbol, and other
comruni cation paraneters needed for comruni cati on
bet ween the communi cation station and a radio tag, such
as address data for addressing a tag or conmand data
for transmtting conmmands, can be separated from the
synchroni zation data signal. Since, as expl ained above,
the time slot synbol is an extrenely conpact indicator
for synchronizing communication in the system it is
advant ageous to enbed information in addition to the
time slot synmbol into the synchronization data signal
which will be touched upon bel ow.

Therefore, in a further aspect of the invention, the
comruni cation station is designed to enbed address data
into the synchronization data signal, which can be used
to individually address a nunber of radio tags per tine
slot intended for aforesaid radio tag, and the radio
tag, if the received tinme slot synbol indicates a tine
slot intended for it, is designed to evaluate the
synchroni zation data signal for the contained address
dat a, and to check whether it is individually
addr essed.

Anal ogously to using the hardware address of a radio
tag in conjunction with the tine slot synbol, it is
al so advantageous that the conmunication station be
designed to generate the address data utilizing one or
several bits or bytes of a hardware address of the
radio tag that distinctly identifies a radio tag, in
particular leaving out the least significant bits or
the least significant bytes. In the present system the
hardware address of the radio tag is thus used for
di stinctly addressing each radio tag. On the one hand,
the least significant bits or |east significant bytes
define which tinme slot is intended for the radio tag.
As a consequence, a relatively high nunber of radio
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tags can be allocated to precisely a single tine slot,
so as to remain synchronous wth this tinme slot and
also be individually addressable in this tine slot. A
special radio tag is now individually addressed wth
additional bits or bytes of the individual hardware
address of this radio tag. This neasure also
contributes significantly to system efficiency, since
the radio tag in question, since it happens to be in
the active state at the tine so as to receive the tine
sl ot synbol, does not have to tenporarily switch into
the sleep state and at a later instant in the present
time slot switch back into the active state to check
whet her address data are present. Rather, it becones
evident for all radio tags simultaneously listening to
the synchronization data in this relatively short phase
of the active state whether they are addressed or not.

Anal ogously to the aforesaid about enbedding address
data, systemefficiency is also bolstered significantly
if the communication station is designed to enbed
command data into the synchronization data signal, with
which a command can be transmtted to a radio tag in a
time slot intended for aforesaid radio tag, and the
radio tag, if the received tinme slot synbol indicates a
time slot intended for it, is designed to evaluate the
synchroni zation data signal for the contained comand
data and to execute the conmand. For exanple, a command
can be transmtted to all radio tags allocated to a
specific tinme slot wthout individual addressing, and
is then executed by a relatively large group of radio
t ags.

The radio tag could basically already perform a
standardi zed (predefined) task by recognizing its
i ndi vidual addressing wthout having to receive an
explicit command. However, it has proven especially
advant ageous that address data be transmtted for
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addressing an individual radio tag and conmand data be
transmtted for sending a command to this individual
radio tag, and that the radio tag be designed to
eval uate the command data and execute the command when
individually addressed with the help of the address
data. As a consequence, a command for a single radio
tag can be transmtted in a sonetines relatively |arge
group of radio tags.

In anot her aspect of the invention, it is advantageous
that the radio tag be designed to execute a command as
a single tinme slot command, and conclude the executed
command within a single tine slot in which the command
was received. This permts a rapid and conpact handling
of jobs, wherein the jobs are brought to the radio tag
via the communi cation station. For exanple, such single
time slot commands can be a so-called “PING command,
which is only used to check whether a specific radio
tag exists, or an internal processing conmand, which
causes as little outgoing data traffic as possible,
e.g., a switching coomand to switch from one nenory
page to another nenory page. A nenory page is a | ogical
area (an address area) in the nenory in which data are
deposited or stored, for exanple for an image. The
radio tag transmts no data for processing (e.g., data
used for display purposes with a nonitor, etc.) to the
radio tag with the single tine slot conmmand, but rather
only commands that lead to an internal processing of
data or pronpt the radio tag to transmt information to
t he conmuni cation station.

During conpletion of the executed conmand, it has
proven advantageous in this conjunction that the radio
tag be designed to generate confirmation data and
deliver the confirmation data in the tine slot in which
the command was received. As a result, even data
traffic owng to the confirmation remains confined to
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the time slot in which the command was transmtted.
Subsequent tine slots remain unburdened in ternms of
dat a, which has a positive effect on system
per f or mance.

A radio tag for delivering the confirmation data can
further be fornmed in a first part (e.g., the first half
or first third) of the time slot, which is
chronologically |localized after the synchronization
data signal, and |eaves an ensuing second part of the
time slot untouched prior to the appearance of the
synchroni zation data signal of the followng tine slot.
This structural or chronological division of the tine
slot accounts for the circunstance that confirmation
data often require only a short transm ssion tine, so
that the remaining, specifically the second part (e.g.,
the second half or the second and third third) of the
time slot in question is freely available for further
data traffic.

At this juncture, let it be noted in very general terns
that the duration of the second part of the tinme slot
need not be defined by a fixed, set value, but rather
can be dynamically derived from +the respective
configuration or usage of the tine slot.

In a systemin which 256 tinme slots each neasuring 58.6
mlliseconds exist during a tinme slot cycle of 15
seconds, for exanple, 2 to 5 radio tags per tinme slot
can be individually addressed w thout any problem and
i ndividual tasks with a single tine slot command can be
del egated thereto. For exanple, if several radio tags
per tinme slot are assigned a task, so that it is
expected that all of these radio tags will report wth
aforesaid confirmation data in the present tinme slot,
it is advantageous that each radio tag follow an
ordering principle. Wen several radio tags are
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addressed with the help of the address data, the radio
tag is to this end designed to evaluate not just its
own address, but also those of the other addressed
radio tag(s), and deliver its confirmation data within
a time window provided for delivering the confirmation
data at the instant corresponding to the sequence in
the group of addressed radio tags ascertained for it by
the determned addresses. Since the comunication
station as the assigner of the tasks has know edge of
the addressed radio tag, only mninmal data traffic is
necessary for transmtting the confirmation data, as
the communi cation station conplying with this ordering
princi ple knows exactly in which sequence, and hence at
whi ch instant or during which duration, the involved
radio tags transmt its confirmation data.

In order to also transmt |larger anobunts of data
bet ween the communication station and a radio tag, for
whose transm ssion the duration of a time slot would
not suffice, the radio tag is designed to execute a
command as a nultiple tinme slot comrand over severa

time slots. Such commands can be processed in tine
slots directly adjoining each other or in time slots
that are not directly adjacent. For exanple, a
constituent of the command can enconpass the nunber of
time slots to be used, or also the identification of
the tine slots or even tine slot groups to be used. The
used tine slots can be limted to a tinme slot cycle, or
| ocalized so as to span several tinme slot cycles. From
the standpoint of the radio tag, such multiple tine
sl ot commands can involve downloading a |arger anount
of data from the conmunication station, or also
upl oadi ng such amounts of data to the communication
station. Analogously to the single time slot conmand,

the nmultiple time slot command al so does not transmt
any data for processing (e.g., data used for display
purposes with a nonitor) via the radio tag to the ratio
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tag, but rather only commands that potentially lead to
the internal processing of data and/or pronpt the radio
tag to receive data or transmt data at a |later
instant. After the nmultiple tine slot command has been
received, the radio tag can again switch to its energy-
saving sleep state, and thereupon switch to the state
in an autononously tine-controlled manner at the
I nstant when data is being transmtted to it. Wthin
the framework of data transm ssion, there is now no
need for renewed command conmunication, in particular
no new addressing of the radio tag either, since the
comruni cation station already defined the systematics
behi nd data transm ssion to the radi o tag beforehand by
relaying the multiple time slot conmand. In a radio tag
with a display, for exanple, the instant at which the
radio tag is addressed for receiving data to be
di spl ayed is thus conpletely decoupled in terns of tine
from the actual instant that the data to be displayed
are transmtted. The transmssion of data to be
di spl ayed can be initiated in the current or sone other
time slot at one instant. The transmi ssion of data to
be displayed can extend over various tine slots of a
time slot cycle, or even over several time slot cycles.

If the nmultiple tinme slot conmand relates to a data
transm ssion from the communication station to the
radio tag, it is advantageous that the comunication
station be designed to transmt the overall data
divided into several time slots, wherein one or nore
data packet per tine slot is transmtted as part of the
overall data, and the respective tinme slot uses a
second part of the tine slot adjoining the first part
of the tinme slot for data transm ssion. Anal ogously to
the explanations for the single tine slot command, only
the second part (e.g., the second half) of the tine
slot is used in the present case, so as to |eave the
other, specifically the first part of the time slot
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unt ouched for other activities. The sane also applies
mutatis nutandis for data transm ssion from the radio
tag to the comuni cation station.

In order to indicate to the communication partner that,
in a series of tinme slots required for processing the
multiple time slot command, a partial task is processed
in the respective tine slot, it is advantageous that
the radio tag be designed to generate and deliver
partial confirmation data in each tinme slot in which
the nultiple tine slot command i s execut ed.

In an especially preferred enbodinent of the system
the radio tag is designed to deliver the partial
confirmation data in the aforesaid second part
subsequent to the received data packet and prior to the
end of the respective tinme slot. As a result, the
entire data traffic caused by the nultiple tinme slot
command is conbined into the second part of the tine
W ndow.

The conmmunication station for receiving and processing
the confirmation data in a reception tinme w ndow
provided for this purpose is also designed based upon
the configuration of the radio tags involved in the
system Therefore, confirmation data for the single
time slot conmand are received in the reception w ndow
corresponding to the first part of the respective tine
slot, and confirmation data for the nmultiple time slot
command are received in the reception w ndow
corresponding to the second part of the respective tine
sl ot.

In a preferred enbodi nent of the system the options
descri bed above for processing comrands are conbi ned,
so that the comunication station is designed to
address a second radio tag with the help of the address
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data for a tinme slot provided for executing a nmultiple
time slot command via a first radio tag, and transmt a
single tine slot command to the second radio tag with
the help of the comand data. In addition to
transmtting larger quantities of data between the
communi cation station and first radio tag, this also
enables the assignnent of activities or tasks to a
second radio tag that only yield a low data volune
during radio communication wth the comrunication
device. Data transmssion is here handled with the
respective radio tag in different parts of the
respective tine slot.

In another aspect of the system the comrunication
station is designed to use a command for instructing a
radio tag in the tinme slot intended for it about
anot her wakeup instant that does not correspond to a
time slot usually intended for it, so that the radio
tag is available in a tinme slot other than its usua
one in the time slot conmunication process for data
transm ssi on W th t he communi cati on station.
Compl enentarily thereto, the radio tag is al so designed
to process this command, and switch into the active
state at the wakeup I nst ant I nposed by t he
communi cation station. This nmeasure is inportant when
communi cation with a specific radio tag is forced by
the communication station wth a high (highest)
priority. The radio tag in question now synchronizes
itself with the help of the time slot synbol, which
denotes a tinme slot usually not intended for it. After
the job received in this unusual tinme slot has been
processed, the radio tag in question again orients
itself to the tinme slot usual for it, and once it has
synchroni zed itself again, is ready for conmunication
with the communication station in the synchronous
st ate.



21

In order to enable an independent search for a
comruni cation station, the radio tag is designed to
performmultiple checks for a tinespan corresponding to
the duration of the time slot cycle, in particular
extended by a portion of said duration, so as to
determ ne whether a synchroni zation data signal can be
received, and in the absence of the synchronization
data signal, to change the radio channel and perform
the reception check once nore. Since each comunication
station occupies a different radi o channel, the absence
of a synchronization data signal for a search day neans
either that no comunication station exists for the
radi o channel in question, or that such a comuni cation
station lies outside of its range, so that a search
must be performed for a different comunication
station. This process can be continued until such tinme
as an option for comunicating with the conmunication
station has been found, and the radio tag was
registered there, after which it is available in the
system

This search for a comunication station can be
sinplified by designing the radio tag to confine a
search for a synchronization data signal to a group of
predeterm ned radio channels, in particular to those
radi o channels that were transmtted in advance by a
communi cation station when the radio tag was connected
with this comunication station. This neasure nmakes
sense for a radio tag to be newy integrated into the
system but is especially preferred for an already
integrated radio tag that was noved, and as a result of
bei ng noved, severed the communication link with its
communi cation station. Being limted to known radio
channels is an energy-saving nethod, and also helps
avoid collisions wth radio channels that are
predom nantly occupied by other devices, such as a
conventional WLAN (wireless |ocal area network).
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In order to make installing a new conmuni cation station
in an existing system as easy and automatic as
possible, it is advantageous that the conmunication
station be designed to check all available radio
channel s during its startup, especial ly t hose
preprogranmmed for its operation, to determ ne whether
the respective radio channel is being used by another
communi cation station, or whether the respective radio
channel is not in use, and given such an unused radio
channel, to use this radio channel for comunicating
with radio tags that are or will be assigned to it. An
al ready occupied radio channel can be recognized by
virtue of the fact that the synchronization data signa
of another conmunication device appears in the radio
channel .

A system according to the invention can exhibit a
plurality of comrunication stations, for exanple which
are spatially localized at various |ocations, and each
communi cation station can have assigned to it a group
of radio tags via the selection of the radi o channel
allocated to the communication station. As a
consequence, groups of radio tags can be easily and
robustly nmanaged in the system wherein the sane tine
sl ot communi cation process is used for each group of
radio tags, but in channels varying from group to

gr oup.

In a preferred enbodi nent of the system the radio tag
conprises a display unit for reproducing an inmage,
wherein the image is structured in imge planes, and
each image plane is represented by inage plane data,
wherein the radio tag is designed to individually
receive the i mage pl ane data and put together the imge
by superposing the 1inmage planes, and wherein the
communi cation station is designed to transmt the
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respective inmage plane data during a time slot-
overl apping communication wth the radio tag. The
advant age associated with this neasure is that only the
i mage plane in which changes arise is to be selectively
transmtted by the communication station to a radio
tag. This neasure contributes significantly to system
and energy efficiency, because the quantity of data to
be transmtted is relatively small relative to the
guantity of data that would have to be transmtted for
the entire image contents. In addition, the conpression
of image data for each inage plane to be transmtted
can be optimzed, so that the quantity of data to be
transmtted can be mnimzed. This is possible because
an image plane to be transmtted usually incorporates
| arge “white” or “transparent” areas for which a very
hi gh conpression rate is achieved. Since the quantity
of data to be transmtted is consequently reduced to
the absolute mnimumin order to update an inmage, this
measure has an extrenely advantageous effect on the
service |life of the radio tag, because its energy
demand or consunption is held | ow by the | east possible
activity.

In this context, the radio tag can be designed to
change an existing imge by receiving at |east one
single new i mage plane of the image and generating the
new appearance of the inmage by replacing an already
exi sting image plane of the inmage with the imge pl ane
just received. Use can here be nmade of the comrands
di scussed above. For exanple, the image data of an
i mge plane can be downl oaded from the communication
station to the radio tag using a multiple tinme w ndow
command, in which the inmage data of the image plane in
question are stored in a new nenory page in the radio
tag. As soon as downloading is conplete, a single tine
slot command can be executed to switch from another
menory page used previously to create the aforesaid



24

I mage plane of the image to the new nenory page, SO as
to use the aforesaid imge plane for putting together
the inmage with its other inage pl anes.

According to a preferred exenplary enbodinent, the
radio tag is designed to process images in which the
foll ow ng neanings are ascribed to the image planes,
specifically: first or second frequency of changes in
i mage contents; first or second <color of inmage
contents; first or second information category of inage
contents. As a result, inplenentations adjusted to the
respective area of application for the system can be
realized, wherein conbinations of neanings for the
pl anes are also possible. Mre than two image planes
are also possible, for exanple three, four or five
i mge pl anes.

In one such preferred exenplary enbodi nent, the system
realizes an electronic price display system and a
di splay unit of the radio tag serves to display product
or price information, etc.

In all cases where a display unit is used, the display
unit can be realized with LCD technol ogy, for exanple,
but preferably also with electronic ink technology
(also referred to as E ink as a synonym for electronic

paper) .

In another aspect of the system the radio tag is
designed to execute the switch from the sleep state
into the active state at a wakeup instant with a |ead
time prior to the appearance of the synchronization
data signal. This nmeasure ensures that the radio tag as

a whole, or, fornulated differently, all of its
conponents necessary for receiving and processing the
synchroni zation data signal, are fully operational,

t her eby avoi di ng a parti al reception of t he
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synchroni zation data signal, which could then with a
hi gh degree of probability not be |ogically eval uated.

The duration for the lead tinme can here be selected so
as to neasure a first fraction of the tine slot
duration of a tine slot. For exanple, it can neasure
bet ween 0. 1% and 10% of the duration of the tine slot.

In another aspect of the system the radio tag is
designed to assune an active state during a reception
duration that exceeds a transm ssion duration of the
synchroni zation data signal. The advantage to this
measur e Is that it ensures t hat the entire
synchroni zation data signal can be reliably received

The current reception duration to be wused can be
fixedly set for all reception processes in the
synchronous state. However, the duration of the active
state can also be dynamcally adjusted to the
respective drift based on the drift in the tinme base of
the radio tag determ ned using the appearance of the

synchroni zation data signal, if necessary to include
the aforenentioned lead tine. The reception duration
can also be I|imted via the detection of the

di sappearance of the synchroni zation data signal.

In order to ensure optimal reception conditions, the
radio tag in such a system can also be designed to
mai ntain the active state assuned for receiving the
synchroni zation data signal for a followup tine after
recei ving the synchronization data signal. For exanple,
the followup tinme can be defined by the predefined
duration of the active state, or be adjusted according
to the current drift or reception states, if necessary
even dynam cal ly.

The duration of the followup tinme can here be sel ected
so that the followup tinme nmeasures a second fraction
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of the duration of a tinme slot. For exanple, it can
measure between 0.1% and 10% of the duration of the
time slot. The duration of the followup time can be
identical to the duration of the lead tinme, or even
differ fromthe latter.

It has proven especially advantageous that the
communi cation station be designed to send out the
synchroni zation data signal at the beginning of the
respective tinme slot. This neasure ensures that the
beginning of a time slot can be very precisely
identified for the radio tag, that the drift of the
internal time base of the radio tag can already be
conpensated at the beginning of the tinme slot, and
consequently that all additional activities of the
radio tag can take place within the respective tine
sl ot given the best possible synchronismwth the tinme
base of the comunication station, and that the
conplete remaining length of the tinme slot is available
for aforesaid additional activities.

In or der to have communi cat i on bet ween t he
communi cation station and a radio tag be as structured

and yet flexible as possible, It has proven
advant ageous that the comruni cation station be designed
to enbed confirmation tinme dat a into t he
synchroni zation data signal, which can be wused to

determne a confirmation instant wthin the tine slot
at which confirmation data are expected from the radio
tag, and that the radio tag be designed to deliver the
confirmation data at the specified instant. This is
advant ageous in particul ar when several radio tags in a
time slot are addressed, and an individual confirmation
I nst ant IS comruni cat ed for al | . After t he
synchroni zation data signal has been received, for
exanple, each of the radio tags can then execute a
command, switch into the energy-saving sleep state, and
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only switch back into the active state at the
activation instant individually determned for it and
send out its activation data, so as to then switch back
into the sleep state again as quickly as possible. The
activation I nst ant al ready det erm ned in t he
synchroni zation data signal thus represents a neasure
that inproves the energy efficiency of the radio tag,
as well as a neasure for avoiding collisions, thereby
exerting a lasting effect on its service life. The
activation tinme data can indicate an absolute instant
in the time slot neasured from its start, or a
retention tinme in the sleep state, e.g., inrelation to
a preceding event, for exanple, the end of the
synchroni zati on data signal, which can be recognized in
the radio tag, or the end of the active state.

Anot her aspect of the invention relates to allocating a
plurality of the radio tags to a plurality of
communi cation stations. In order to obtain as bal anced
a distribution of allocations as possible between the
radio tag and the communi cation stations, it has proven
advant ageous that a data processing device, e.g., a
server, be designed to decide which of the radio tags
can connect to which comrunication station. The basis
for this decision <can be an already existing
distribution of connections in the system which nust
be optimzed from the standpoint of newy incomng
radio tags. However, a fixedly prescribed connection
schene can also be present, which was defined in
advance and nust be realized.

In order to enable as dynanmic a system as possible, it
can be advantageous that a data processing device,
e.g., a server, be designed to pronpt a radio tag to
end an exi sting connecti on W th one of t he
comruni cation stations and enter into a connection with
anot her comrunication station. The server can then
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react to an unbal anced distribution of radio tags, and
proactively influence and change the allocation of
radio tags to comunication stations to realize an
optimal |oad distribution (load bal anci ng).

These and ot her aspects of the invention may be gl eaned
fromthe figures described bel ow.

BRI EF DESCRI PTI ON OF THE FI GURES

The invention wll be explained once again in nore
detail below with reference to the attached figures
based on exenplary enbodinents, with the invention not
being confined to the latter. The sane conponents on
the different figures are marked wth identical
ref erence nunbers. Schematically shown on

Fig. 1 Is a systemaccording to the invention;

Fig. 2 Is a distribution of radio channels for
the system

Fig. 3 iIs a block diagram of an electronic

price display sign;

Fig. 4 is an assenbly of an image;
Fig. 5 Is a first state di agram

Fig. 6A Is a second state diagram
Fig. 6B is a first data structure;
Fig. 7A Is a second state diagram

Fig. 7B Is a second data structure;
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Fig. 8 Is athird state di agram

Fi gs. 8B-8C iIs athird and fourth data structure.

DESCRI PTI ON OF THE EXEMPLARY EMBODI MENTS

Shown on Fig. 1 as a system 1 according to the
i nvention for communication based on a tinme slot
communi cation process is an electronic price display
system which is installed on the prem ses of a retai
establishnment. For the sake of clarity, it was decided
not to show the prem ses and how they were set up on
the figures. The system 1 conprises a server 2, a first
and a second communi cation station 3 and 4 (hereinafter
abbreviated to station), along with a nunber of eight
radio tags 7-14 (hereinafter abbreviated to ESL for
el ectronic shelf |abel). The server is accomobdated in
of fice prem ses, and connected with the stations 3 and
4 by a wired conmunication line (LAN) L. Stations 3 and
4 are in contact wth ESL 7-14 via radio signals.
Stations 3 and 4 are secured to the ceiling at
different locations in a salesroom ESL 7-14 are
secured to shelves corresponding to products for which
price and product information is displayed by neans of
ESL 7-14. The product information is transmtted by
server 2 to stations 3, 4, and from there communi cated
individually to the separate ESL 7-14.

Each station 3, 4 covers a radio range, wherein a first
radio range |limt 5 of station 3 and a second radio
range limt 6 of station 4 are regionally denoted. The
radio ranges exhibit an overlapping region, in which
ESL 9-11 are | ocated.

When starting up the system 1, stations 3, 4 are first
started in sequence. Each station 3 and 34 knows the
radio channels preferred for operating the system 1,
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with the channel nunbers being 3, 5 8, 9 and 10. This
is showmn on Fig. 2, which depicts various frequency
bands 15-22 over channel nunbers K. Frequency bands 15,
16 and 17 are available for operating a conventional
WLAN. The frequency bands 18, 19, 20-22 preferred for
operating the system 1 correspond to channel nunbers 3,
5, 8-10, and do not overlap W.AN frequency bands 15-17.
Station 3 automatically selected the radio channel wth
channel nunber 3, because the |latter was checked first
to see whether it was already occupied by another
station. Station 4 automatically selected the radio
channel w th channel nunber 5, because, while checking
for free radio channels, it determned that the radio
channel was already occupied with channel nunber 3, and
the next free radio channel identified was the one with
channel nunber 5. However, the allocation of radio
channel s can al so be fi xed.

As soon as ESL 7-14 have been introduced into the
respective radio range of station 3 or 4, they
determine that radio signals of the respective stations
3 or 4 exist in one or several radio channels. ESL 7
and 8 establish a connection to the first station 3.
ESL 12-14 establish a connection to the second station
4. It is determned for ESL 9-11 that both stations 3
and 4 are available for all of them Each ESL 9-10 now
checks the reception quality of the radio signals
recei ved by the respective station 3, 4, and deci des on
the station 3 or 4 for which the best reception quality
was determ ned, so as to establish a connection with it
in the respective radio channel (channel nunber 3 or
5). However, this decision-nmaking process can also be
perfornmed by stations 3 and 4, wherein the stations
check t he respective reception quality of a
communi cation with ESL 9-11, and agree anong each ot her
as to which of themw Il enter into a connection wth
which  of the ESL 9-11, since nore favorable
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communi cation conditions are present for the respective
ESL 9-11. However, the job of deciding on the
all ocation between ESL 9-11 and stations 3, 4 can also
be assigned to the server 2, since it is in contact
with stations 3, 4. Wthin the framework of building
the connection between the respective ESL 7-14, then,
radi o channels are first selected (also referred to as
“channel scan”), the reception quality is evaluated on
the respective radio channel as needed, and then
di stinct hardware addresses of ESL 7-14 are transmtted
to the station 3, 4 selected for communication. As a
result, each station 3, 4 knows the respective ESL 7-14
allocated to it. This first allocation between the
station 3, 4 and ESL 7-14 is relayed to the server 2.

Subsequent | vy, a second allocation s established
between each ESL 7-14 and exactly one product. The
server ultimately learns where in the salesroom on
whi ch shelf and in which shelf position the respective
ESL 7-14 is located (or should be |ocated), because it
al so knows the correspondi ng position of the products,
which is represented by neans of a planogram

Fig. 3 shows a block diagram of the ESL 7 as
representative for the ESL 7-14 used in the system
which all have an identical structural design. ESL 7
conprises a radio nodule 24, a processor 25 for
processing data, controlling operating states and
providing functions, a nenory 26 for storing data and
prograns, as well as a display 27 realized in energy-
saving el ectronic ink technology for displaying product
information. The radio nodule 24 is used for radio-
based communication wth the stations 3 or 4, wherein
reception data are generated out of received radio
si gnal s, and relayed to the processor 25, or
transmtted data relayed by the processor 25 are
converted into radio signals. The data stored in the
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menory 26 can be allocated to both the processor 25 and
the display 27. The selected depiction also does not
differentiate between what type of nmenory (ROM EEPROM
RAM etc.) is involved, or how the nenory 26 is
logically or physically allocated to the processor 25
and/or the display 27. In the selected depiction, it
was also decided not to show connections, such as
signal and/or data lines between functional blocks 24-
27, or the energy storage device (a battery in the
present case).

The nmenory 26 is used to store image data BD for
generating an image with the help of the display 27,
wherein the inage data BD indicate a first imge plane
of the image with first plane data ED1 and a second
i mge plane of the imge with second plane data ED2,
har dware address data HAD for indicating the hardware
address of the ESL, along with paranmeter data PD
relating to the paraneterization of the tinme slot
comruni cation process. Let it be nentioned at this
juncture that other image planes can al so be present.

The hardware address data HAD enconpass four bytes B3,
B2, Bl, BO, wherein BO is the least significant byte of
t he hardwar e address.

The processor 25 is used to conbine the various plane
data ED1 and ED2 into the entire image in ESL 7. Both
the first and second plane data ED1, ED2 represent
i mage information for each pixel. However, specific
i mage information IS defi ned as “transparent”,
“background” or “background color” for both inage
pl anes. For this reason, the individual image planes
can be placed one on top of the other pixel for pixel,
i.e., the overall inmage can be assenbl ed by superposing
the inmage contents onto identical coordinates of the
pi xel s of various image planes. The imges are present
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in the bitmap format, but can also be present in other
formats, such as JPG etc.

This imge structure is schematically depicted on Fig.
4. A first image plane 28 represented by the first
plane data EDl1 essentially contains static inmge
information 29 about a product, wherein this static
image information is only changed if a different
product is allocated to ESL 7. The static inmage
information 29 relates to text that describes the
product, for exanple. Al other image areas are defined
as “transparent”. A second inage plane 30 represented
by the second plane data ED2 essentially contains
dynam c image information 31, which by conparison to
static imge information changes relatively often,
e.g., daily or even several tines a day or even weekly.
For exanple, dynamic image information 31 relates to
the price of the product, or even details about the
validity of an offer, e.g., the start date and end
date, or even tinmes of day or other conditions tied to
the offer. Al other imge areas are defined as
“transparent”. An overall inmage 32 represented by inmage
data BD that was generated by placing each pixel of the
first inmage plane 28 over a pixel of the second inmage
pl ane 30 correspondi ng precisely thereto shows both the
static and dynamc imge information 29, 32, and the
remai ni ng ar eas in bet ween characteri zed as
“transparent”.

In ESL 7, all the inmage data BD can be received at one
time in a conpressed form deconpressed and stored in
the nmenory 26. For exanple, this can take place during
an initial transm ssion of the overall imge. However,
the process is relatively long, and thus results in a
relatively high energy demand. Once the inage exists in
ESL 7, partially updating the inmage is nore efficient,
because it can be done wth less energy. To this end
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ESL 7 can receive the respective inage plane to be
updated (e.g., the second inage plane 30) separately
fromthe other inmage plane already stored in the nmenory
26 (e.g., the first imge plane 28), deconpress it and
store it in the nmenory 26. The newy created second
pl ane data ED2 are then internally accessed (swtched
from one nenory page to another nenory page) so as to
rebuild the overall inage 32.

ESL 7 also conprises a tine control stage 33, which can
be realized as a self-contained hardware conponent, or
at least partially with the help of the processor 25.
It generates a tinme base typical for the ESL, and uses
this tinme base to control the timng (entry and exit)
of the states of ESL 7. For exanple, timng is
controlled by neans of timng paraneters, which are
I nherently known to the tinme control stage and/or
provi ded by the processor.

The tinme slot conmunication process used in the system
1 wll be discussed below with the help of Figs. 5-8
Only the ESL 7-9 allocated to the first stage 3 will be
di scussed here, wherein analogous explanations also
apply to the ESL 11-14 allocated to the second station
4. Tinme t is plotted on the abscissa axis in the state
di agrans shown on Figs. 5-8 The states Z of the
respective conponent in the system 1 considered in the
expl anation are plotted on the ordinate axis. As a
consequence, the diagrans present the chronol ogica
state progression.

The uppernost sequence of states on all of Figs. 5-8
shows the states of stage 3 characterized by ST. During
a tinme slot cycle duration DC (e.g., 15 seconds), N
time slots Z1 ... ZN (e.g., 256) of an identical tine
slot duration DS (e.g., approx. 58 mlliseconds) are
avai l able. During the tine slot cycle duration DC, the



35

stage 3 switches between a transmtting state T and an
idle state R The transmtting state T is always
assunmed at the beginning of a tine slot Z1 ...ZN, and
mai ntai ned for a synchronization data signal duration
DSD (or transmtting duration DSD of t he
synchroni zation data signal SD), in order to send the
respectively applicable tinme slot synbol ZSl1, ZS2,
ZSN wi th the respective synchroni zation data signal SD.
The consecutive nunber of the respective tinme slot Z1 ...
ZN in the sequence of appearance of the tinme slot Z1
ZN is used as respective tinme slot cycle synbol ZS1
ZSN. As a consequence, the first time slot Z1 is
| abel ed in hexadecinmal notation (marked “Hex”) wth
time slot synbol Hex 00, the second tine slot Z2 with
time slot synmbol Hex 01, etc., and the last tinme slot
ZN (the two hundred fifty sixth tine slot in the
present exanple) Z256 with tinme slot synbol Hex FF.

In the follow ng, discussion centers on the hardware
addresses  of ESL 7-9, which are indicated in
hexadeci mal notation (nost significant byte left =
fourth byte B3: third byte B2: second byte Bl: |east
significant byte right = first byte B0O). The hardware
addresses for ESL 7-9 would not change during the
actual operation of the system 1. However, in order to
di scuss various aspects of the system 1 wth a
manageabl e nunber of ESL’'s, the ESL's of the system 1
are sonetines allocated different hardware addresses
from figure to figure, or individual or several ESL's
are even not included in the discussion.

On Fig. 5, the hardware address of the first ESL 7 is
Hex B2:00: 01: 00, of the second ESL 8 is Hex
B2: 00:01: 01, and of the third ESL 9 is Hex B2:00: 02: 00.
The fourth ESL 10 is left out of account.
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On Fig. 6, the hardware address of the first ESL 7 is
Hex B2:00: 01: 00, of the second ESL 8 is Hex
B2: 00: 02: 00, and of the third ESL 9 is Hex B2:00: 03: 00.
The fourth ESL 10 is left out of account.

On Fig. 7, the hardware address of the first ESL 7 is
Hex B2:00:01:00. The remaining three ESL 8-10 are |left
out of account.

On Fig. 8, the hardware address of the first ESL 7 is
Hex B2:00: 01: 00, of the second ESL 8 is Hex
B2: 00: 01: 01, of the third ESL 9 is Hex B2:00:02: 01, and
of the fourth ESL 10 is Hex B2:00:03: 01.

The least significant byte BO is wused for the
respective ESL 7-10 in the system 1l to identify a tine
slot that appears within the framework of the tinme slot
comruni cati on process, and is intended for the
respective ESL 7-10. Except for the |east significant
byte BO, the remaining three bytes B1-B3 of the
hardware address are used to individually address an
ESL 7-10 for the tinme slot Z1 ... ZN intended for the
respective ESL.

As shown on Fig. 5, the first ESL 7 is in a synchronous
state. It wakes up fromits sleep state S at a first
wakeup instant TAl, and, with a relatively short |ead
time DV prior to the expected appearance of a
synchroni zation data signal SD, switches into its
reception-ready active state E, receives t he
synchroni zation data signal SD during a reception
duration DE wth the first tinme slot synbol ZS1 (Hex
00), conpares the least significant byte BO of its
hardware address (Hex 00) with the received tine slot
synbol ZS1 to determne that the first tine slot Z1
intended for the first ESL 7 is displayed (conformty
between the bytes: BO of the hardware address to be
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conpared and the first time slot synbol ZS1), keeps the
paraneters of the tine control stage 33 used for wakeup
control for wakeup in the ensuing tinme slot cycle in
order to define the new wakeup instant, and swtches
back into the sleep state S with a relatively short
followup tine DN, in order to wake up again as pl anned
upon expiration of the prescribed sleep state residence
time DR at the new (second) wakeup instant TA2 wth
aforesaid lead tine VD before the first tinme slot cycle
Z1 begi ns anew. The sane hol ds true anal ogously for the
second ESL 8, which just as the first ESL 7 is in the
synchronous state.

Prior to a synchronization instant TSY, the third ESL 9
Is in an asynchronous state, which is denoted by the
arrow 34 with a broken line running parallel to the
tinme axis. It awakes at a randomy selected first
wakeup instant TAl, and switches fromits sleep state S
into the reception-ready active state E, and waits in
this state until the next appearance  of t he
synchroni zation data signal SD has been received,
wherein the second tine slot synbol ZS2 (Hex 01) is
received in the present case. Based on the |east
significant byte BO (Hex 00) of its hardware address,
the third ESL 9 recognizes that the tinme slot intended
for it already belongs to the past in the present tine
slot cycle, so that the next tine slot having tinme slot
synbol Hex 00 can only be expected in the next tinme
sl ot cycl e, and calculates that the currently
recogni zed tine slot Z2 lies adjacent to its origina

time slot Z1 by one time slot, which is referred to
bel ow as the tinme slot difference. In the third ESL 9,
the time control stage 33 is now programred in such a
way that the new wakeup instant TA2 lies prior to the
appearance of the first tine slot Z1 of the ensuing
time slot cycle with aforesaid lead tinme DV, just as
for an ESL located in the synchronous state. The
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residence tinme DSA to be awaited in the sleep state S
Is calculated as follows: Sleep state residence tinme DR
(in the synchronous state) mnus the tine slot duration
DS multiplied by the tinme slot difference (the value 1
in the present case). As a consequence, the third ESL 9
Is again in the synchronous state, as denoted by the
arrow 35 with a solid line, and switches from the
active state E into the sleep state S, so as to switch
back into its active state E at the new wakeup instant
TA2 upon expiration of the residence tinme DAS.

Fig. 6A is drawmn wupon to explain the individua

addressing of ESL 7-9 and individual instruction of
these ESL 7-9 by neans of single tinme slot commuands.
Only the first tinme slot Z1 enbedded between two
synchroni zation data signals SD is shown. The station 3
enbeds address data AD, command data CD and
confirmation tinme data ZD into the synchroni zati on data
signal SD of the first tinme slot Z1. The first ESL 7 is
individually addressed using address data AD Hex
B2: 00: 01, the second ESL 8 using address data AD Hex
B2:00: 02, and the third ESL 9 using address data AD Hex
B2: 00: 03. The command data CD are used to send a “PlI NG
command to the first ESL 7, a “PING comand to the
second ESL 8 as well, and a “SWARX” command to the
third ESL 9. These commands are single time slot
commands, which are run immediately after decoded in
the respective ESL 7-9 with a negligible tinme outlay.
The two “PING commands are used to test whether the
addressed ESL 7, 8 responds with confirmation data ACD,
i.e., whether it exists or even reacts and 1is
synchroni zed. The “SWAP&” conmmand is used in the third
ESL 9 to pronpt a switch froma (first) current nenory
page (or nenory page) to a second nenory page (or
nmenory page), e.g., to change the inage to be shown by
means of the display 27, as explained in conjunction
with Fig. 4. In addition, the synchronization data
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signal SD is used to transmt a confirmation instant
for the first ESL 7 by indicating a first rest period
DR1, for the second ESL 8 by indicating a second rest
period DR2, and for the third ESL 9 by indicating a
third rest period DR3. The reference point for the
three rest periods DRL-DR3 is always the end of the
reception duration DE. The data structure transmtted
via the synchronization data signal SD at the begi nning
of the first time slot Z1 is visualized on Fig. 6B.

Instead of the individual rest periods DR1-DR3, maxi nmum
periods for responses can also be indicated, which are
derived from the total of the respective rest period
DR1- DR3 and the period for delivering the confirmation
dat a ACD

According to Fig. 6A, all three ESL 7-9 recognize that
they are synchronous, because the first tinme slot
synbol Z1 indicates the tine slot intended for them
(least significant byte BO of the hardware address is
Hex 00 for all three ESL 7-9). A check of the address
data AD indicates that each ESL 7-9 is individually
addressed (existence of remaining three bytes Bl-B3 of
the respective hardware address in the address data
AD); the commands intended for the respective ESL 7-9
are decoded and directly executed, and, upon expiration
of the individual rest periods DRL ... DR3 after the
reception duration DE has ended, the individua

confirmation data ACD are transmtted to the station 3,

which is ready to receive the confirmation data ACD
during a station reception duration SDE. The single
time slot commands, to include the conmunication of
confirmation data ACD, are conpletely executed in a
first part 36 of the time slot Z1, so that a second
part 37 is available for another task, e.g., running
multiple time slot commands, which is discussed in
detail on Figs. 7 to 8.
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Fig. 7A presents the execution of a nultiple tinme slot
command, in which the first ESL 7 receives overall data
(e.g., relating to a total image to be displayed or
even just an imge plane of the imge) divided into
three data packets DAT1-DAT3 from the station 3 over
three adjacent tine slots Z1-Z3. The first ESL 7
recogni zes its synchronous state by neans of the
synchroni zation data signal SD and, since it s
i ndividually addressed (address data Hex B2:00:01),
receives and decodes a “DATA INIT" commuand, which
commands it to receive the three data packets DAT1- DAT3
in the aforesaid tinme slots Z1-Z3, and passes into the
sleep state S at the end of the reception duration DE
for a first waiting period DWW, wherein the first
wai ting period DM expires at the end of the first half
of the tine slot duration DS. At the beginning of the
second part 37 of the first tinme slot Z1, the station 3
goes into its transmtting state T, and the first ESL 7
into its reception-ready active state E, so that it
receives the first data packet DAT1 during a data
transm ssion duration DT. It then confirns successful
reception by neans of partial confirmation data ACDl
during a confirmation period DA, in which the station 3
is also in the reception state E. The confirmation
duration DA concludes prior to the end of the first
time slot Z1. Upon expiration of the confirmation
duration DA, the first ESL 7 resides in the sleep state
S for a second waiting period DW2, which lasts unti

the end of the first part 36 of the second (ensuing)
time slot Z2. At the beginning of the second part 37 of
the second tine slot Z2, the station 3 goes into its
transmtting state T, and the first ESL 7 into its
reception-ready active state E, so that it receives the
second data packet DAT during a data transm ssion
duration DT. The sane holds true for the third tine
slot Z3, at the conclusion of which data transm ssion
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ends. Each successfully transmtted data packet DAT1-
DAT3 is confirnmed via the partial confirmation data
ACDl1- ACD3. The data structure transmtted wth the
synchroni zation data signal SD at the begi nning of the
first time slot Z1 is visualized on Fig. 7B

Fig. 8A is drawn upon to explain data transm ssion
using a conbination of a multiple time slot conmmand and
three single tinme slot commands. The first ESL 7
recognizes its synchronous state by neans of the
synchroni zation data signal SD (least significant byte
BO of the hardware address is Hex 00) and, since it is
i ndi vi dual |y addr essed (address dat a B2: 00: 01),
receives and decodes a “DATAINT comrand, which
commands it to receive the three data packets DAT1- DAT3
in the aforesaid tine slots Z1-Z3. The data structure
transmtted with the synchroni zation data signal SD at
the beginning of the first time slot Z1 is visualized
on Fig. 8B. Data transmssion fromthe station 3 to the
first ESL 7 takes place analogously to the manner
expl ai ned for Fig. 7A

The three remaining ESL 8-10 recognize that they are
synchronous at the beginning of the second tine slot,
because the second tinme slot synbol Z2 indicates the
time slot intended for them (least significant byte BO
of the hardware address is Hex 01 for all three ESL 8-
10). A check of the address data AD indicates that each
ESL 8-10 is individually addressed (existence of
remai ning three bytes B1-B3 of the respective hardware
address in the address data AD); the conmands i ntended
for the respective ESL 8-10 are decoded (in the present
case three “PING conmands) and directly executed, and,
upon expiration of the individual rest periods DRl

DR3, the individual confirmation data ACD are
transmtted to the station 3, in the nmanner explained
on Fig. 6A. The data structure transmtted with the
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synchroni zation data signal SD at the begi nning of the
second tinme slot Z2 is visualized on Fig. 8C

As clearly evident, the three single tinme slot commands
along with the nmultiple time slot command are handl ed
guasi -simul taneously in the second tinme slot T2
relative to the “time slot” tine unit, since the first
part 36 of the second tinme slot Z2 is reserved to the
single tinme slot commands, and the second part 37 to
the multiple tinme slot command, for purposes of the
respectively required data conmunication. However, the
al l ocation of the respective command type to the parts
of the time slot 36, 37 can also be reversed.

Finally, let it be noted once again that the figures
described in detail above only involve exenplary
enbodi nents, which the expert can nodify in a wde
variety of ways w thout departing fromthe area of the
i nvention. For the sake of conpleteness, let it also be
stated that use of the indetermnate article “a” or
“an” does not nean that the respective features cannot
be present nultiple tines.
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CLAI N5

1. A system (1), conprising

- a comuni cat i on station (3, 4) for
communi cating with a nunber of radio tags (7-
14) in a tinme slot comunication process, in
whi ch a nunber of tinme slots (Z1-ZN) per tine
slot <cycle in a repeating sequence are
avai l able for commnication, and each tine
slot (Z1-ZN) is characterized by a distinct
time slot synbol (ZS1-ZSN), wherein the
communi cation station is designed to send out
a synchroni zation data signal (SD) conprising
the tine slot synbol (Z1- ZN) for the
currently present time slot (Z1-ZN), and
wherein

- a radio tag (7-14) is designed:

+ for changing from a sleep state (S) into an
active state (E) at a wakeup instant (TAl),
and

+ for receiving the synchronization data signa

(SD) in the active state (E) and,

+ if the received tinme slot synbol (ZS1-ZSN)
indicates a tinme slot (Z1-ZN) intended for
it, for defining a new wakeup instant (TA2)
corresponding to the next appearance of the
time slot (Z1-ZN) intended for it in a tine
slot cycle that follows the currently present
time slot cycle.

2. The system (1) according to claim 1, wherein the
radio tag (7-14), if the received tine slot synbol
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(ZS1-ZSN) indicates a tinme slot (Z1-ZN) not
intended for it, is designed to define a new
wakeup instant (TA2) in the currently present tinme
slot cycle that corresponds to the next appearance
of the tinme slot (Z1-ZN) intended for it if the
time slot (Z1-ZN) intended for it wll stil
appear in the currently present time slot cycle,
or in the time slot cycle that follows the
currently present tinme slot cycle if the tine slot
(Z1-ZN) intended for it wll no |longer appear in
the currently present tinme slot cycle.

The system (1) according to one of the preceding
clains, wherein the radio tag conprises a nenory
stage (26) for storing paraneters of the tine slot
communi cation process, and the radio tag (7-14) is
designed to access and consider these paraneters
for defining the new wakeup instant (TA2).

The system (1) according to one of the preceding
clains, wherein the radio tag (7-14) conprises a
menory stage (26) for storing a representation of
the tine slot synbol (ZS1-ZSN) that indicates the
time slot (Z1-ZN) intended for it.

The system (1) according to claim 4, wherein the
representation of the tinme slot synbol (ZS1-ZSN)
is realized with a hardware address of the radio
tag (7-14) that clearly identifies the radio tag
(7-14), and unchangeably programed into the
menory stage (26).

The system (1) according to claim 5, wherein
aforesaid representation of the time slot synbo
is realized by the least significant bit or [east
significant byte of the hardware address.
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The system (1) according to one of the preceding
clains, wherein the radio tag is designed to check
whether a tinme slot synbol known to it corresponds
W th one pr esent upon recei ving t he
synchroni zati on data signal

The system (1) according to one of the preceding
clains, wherein the communication station is
designed for generating the tinme slot synbol as
t he consecutive nunber of the respective tinme slot
corresponding to its appearance in the sequence of
time slots in the time slot cycle.

The system (1) according to one of the preceding
clains, wherein

- the communication station (3, 4) is designed
to enbed address data (AD) into the
synchroni zation data signal (SD), which can
be used to individually address a nunber of
radio tags (7-14) per tinme slot (Z1-2ZN)
intended for aforesaid radio tag (7-14), and

- the radio tag (7-14), if the received tine
sl ot synbol (ZS1-ZSN) indicates a tinme slot
(Z1-ZN) intended for it, 1is designed to
eval uate the synchroni zation data signal (SD)
for the contained address data (AD), and to
check whether it is individually addressed.

The system (1) according to claim 9, wherein the
communi cation station (3, 4) is designed to
generate the address data (AD) utilizing one or
several bits or bytes (B3, B2, Bl) of a hardware
address of the radio tag (7-14) that distinctly
identifies a radio tag (7-14), in particular
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leaving out the least significant bits or the
| east significant bytes (BO).

The system (1) according to one of the preceding
clains, wherein

- the communication station (3, 4) is designed
to enbed command data (CD) into the
synchroni zation data signal (SD), wth which
a command can be transmtted to a radio tag
(7-14) in a tinme slot (Z1-ZN) intended for
aforesaid radio tag (7-14), and

- the radio tag (7-15), if the received tine
sl ot synbol (ZS1-ZSN) indicates a tinme slot
(Z1-ZN) intended for it, 1is designed to
eval uate the synchroni zation data signal (SD)
for the contained conmmand data (CD) and
execut e the conmand.

The system (1) according to claim 11, when
dependent on claim 9 or 10, wherein the radio tag
(7-14) is designed to evaluate the command data
(CD) and execute the command when individually
addressed with the help of the address data (AD).

The system (1) according to claim 11 or 12,
wher ei n

- the radio tag (7-14) is designed to execute a
command as a single tinme slot command, and
concl ude the executed command within a single
time slot (Z1-ZN) in which the conmmand was
recei ved.

The system (1) according to claim 13, wherein
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the radio tag (7-14), during conpletion of
t he executed command, is designed to generate
confirmation data (ACD) and deliver the
confirmation data (ACD) in the tinme slot (Z1-
ZN) in which the command was received.

The system (1) according to claim 14, wherein

the radio tag (7-14) for delivering the
confirmation data (ACD) is fornmed in a first
part (36) of the tinme slot (Z1-ZN), which is
chronol ogical ly | ocal i zed after t he
synchroni zati on data signal (SD), and | eaves
an ensuing second part (37) of the tine slot
(Z1-ZN) untouched prior to the appearance of
the synchronization data signal (SD) of the
followng time slot (Z1-2ZN).

The system (1) according to claim 14 or 15,

wher ei n

- the radio tag (7-14), when several radio tags
(7-14) are addressed with the help of the
address data (AD), is designed to evaluate
not just its own address, but also those of
the other addressed radio tags (7-14), and
deliver its confirmation data (ACD) within a
time wndow provided for delivering the
confirmation data (ACD) at the instant
corresponding to the sequence in the group of
addressed radio tags (7-14) ascertained for
it by the determ ned addresses.

The system (1) according to claim 11 or 12,

wher ei n



18.

19.

20.

48

- the radio tag (7-14) is designed for
executing a command as a nmultiple tinme slot
command over several tine slots (Z1-ZN)

The system (1) according to claim 17, wherein the
multiple tinme slot conmmand relates to a data
transm ssion fromthe comuni cation station (3, 4)
to the radio tag (7-14), and

- the communication station (3, 4) is designed
to transmt the overall data divided into
several time slots (Z1-ZN), wherein one data
packet (DAT1-DAT3) per time slot (Z1-ZN) is
transmtted as part of the overall data, and
the respective tinme slot (Z1-ZN) wuses a
second part (37) of the respective tinme slot
(Z1-ZN) adjoining the first part (36) of the
respective tine slot (Z1- ZN) for dat a
transm ssi on.

The system (1) according to claim 17 or 18,
wher ei n

- the radio tag (7-14) is designed to generate
and deliver partial confirmation data (ACD1-
ACD3) in each tinme slot (Z1-Z3) in which the
multiple time slot command i s execut ed.

The system (1) according to claim19, wherein

- the radio tag (7-14) is designed to deliver
the partial confirmation data (ACD1-ACD3) in
the aforesaid second part (37) subsequent to
the received data packet (DAT1-DAT3) and
prior to the end of the respective tine slot
(Z1- 2ZN) .
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The system (1) according to one of clains 14 - 16
or 19 - 20, wherein

- the communication station (3, 4) is designed
to receive and process the confirmation data
(ACD; ACD1-ACD3) in a reception time w ndow
(SDE; DA) provided for this purpose.

The system (1) according to one of clains 13 - 16
and one of clainms 17 - 21, wherein

- the communication station (3, 4) is designed
to address a second radio tag (7-14) with the
hel p of the address data (AD) for a tinme slot
(Z1-ZN) provided for executing a multiple
time slot command via a first radio tag (7-
14), and transmit a single tinme slot commuand
to the second radio tag (7-14) with the help
of the command data (CD).

The system (1) according to one of clainms 11 - 22,
wher ei n

- the communication station (3, 4) is designed
to use a command for instructing a radio tag
(7-14) in the tinme slot (Z1-ZN) intended for
it about another wakeup instant that does not
correspond to a time slot (Z1-ZN) wusually
intended for it, so that the radio tag (7-14)
is available in a time slot (Z1-ZN) other
than its usual one in the time slot
communi cation process for data transm ssion
wi th the communication station (3, 4).

The system (1) according to one of the preceding
clains, wherein
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- the radio tag (7-14) is designed to perform
mul ti ple checks for a tinespan correspondi ng
to the duration of the tinme slot cycle, in
particular extended by a portion of said
duration, so as to determne whether a
synchroni zation data signal (SD) can be
received, and in the absence of t he
synchroni zati on data signal (SD), to change
the radi o channel (18, 19, 20-22) and perform
t he reception check once nore.

25. The system (1) according to one of the preceding
cl aims, wherein

- the radio tag (7-14) is designed to confine a
search for a synchronization data signal (SD)
to a group of predeterm ned radio channels
(18, 19, 20-22), in particular to those radio
channel s (18, 19, 20- 22) t hat wer e
transmtted in advance by a comunication
station (3, 4) when the radio tag (7-14) was
connected with this communication station (3,
4).

26. The system (1) according to one of the preceding
cl aims, wherein

- the communication station (3, 4) is designed
to check all available radio channels (18,
19, 20-22) during its startup, especially
those preprogrammed for its operation, to
determ ne  whet her the respective radio
channel (18, 19, 20-22) is being used by
anot her communication station (3, 4), or
whet her the respective radi o channel (18, 19,
20-22) is not in wuse, and given such an
unused radi o channel (18, 19, 20-22), to use
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this radio channel (18, 19, 20-22) for
communi cating wwth radio tags (7-14) that are
or will be assigned to it.

The system (1) according to one of the preceding
clains, wherein the system (1) conprises a
plurality of comunication stations (3, 4), and
each communi cation station (3, 4) has assigned to
it a group of radio tags (7-10, 11-14) via the
selection of the radio channel (18, 19, 20-22)
all ocated to the communi cation station (3, 4).

The system (1) according to one of the preceding
clains, wherein

- the radio tag (7-14) conprises a display unit
(27) for reproducing an image (32), wherein
the image (32) is structured in inmage planes
(28, 30), and each image plane (28, 30) is
represented by inage plane data (EDl, ED2),
wherein the radio tag (7-14) is designed to
individually receive the imge plane data
(ED1, ED2) and put together the image (32) by
superposing the inmage planes (28, 30), and
wher ei n

- the communication station (3, 4) is designed
to transmt the respective imge plane data
(ED1, ED2) during a tinme slot-overlapping
communi cation with the radio tag (3, 4).

The system (1) according to claim28, wherein

- the radio tag (3, 4) is designed to change an
exi sting imge (32) by
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+ receiving at |east one single new inmage plane
(28, 30) of the imge (32) and

+ generating the new appearance of the inmage
(32) by replacing an already existing inmage
plane (28, 30) of the image (32) with the
i mge plane (28, 30) just received.

The system (1) according to claim 28 or 29,
wherein the radio tag (7-14) is designed to
process images (32) in which the follow ng
meani ngs are ascribed to the inmage planes (28,
30):

- first or second frequency (29, 30) of changes
in image contents, or

- first or second color of inage contents, or

- first or second information category of inmage
cont ents.

The system (1) according to one of the preceding
claims, wherein the system (1) realizes an
electronic price display system and a display
unit (27) of the radio tag (7-14) serves to
di spl ay product or price information, etc.

The system (1) according to one of the preceding
clains, wherein the radio tag (7-14) is designed
to execute the switch from the sleep state (S
into the active state (E) at a wakeup instant
(TAL, TA2) with a lead tinme (DV) prior to the
appearance of the synchronization data signal
(SD).
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The system (1) according to claim 32, wherein the
lead time (DV) neasures a first fraction of the
time slot duration (DS) of a tinme slot (Z1-ZN).

The system (1) according to one of the preceding
clains, wherein

- the radio tag (7-14) is designed to assune an
active state (E) during a reception duration
(DE) that exceeds a transm ssion duration
(DSD) of the synchronization data signal
(SD).

The system (1) according to one of the preceding
clains, wherein

- the radio tag (7-14) is designed to maintain
the active state (E) assuned for receiving
the synchronization data signal (SD) for a
followup tinme (DN) after receiving the
synchroni zati on data signal (SD).

The system (1) according to claim 35, wherein the
followup tine (DN) neasures a second fraction of
the time slot duration (DS) of a tine slot (Z1-

ZN) .

The system (1) according to one of the preceding
clains, wherein

- the communication system (3, 4) is designed
to send out the synchronization data signal
(SD) at the beginning of the respective tine
sl ot (Z1-ZN).

The system (1) according to one of the preceding
clains, wherein
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- the communication station (3, 4) is designed
to enbed confirmation tinme data (DR1l-DR3)
into the synchronization data signal (SD)
whi ch can be used to determ ne a confirmation
instant within the time slot (Z1-ZN) at which
confirmation data (ACD) are expected fromthe
radio tag (7-14), and

- the radio tag (7-14) is designed to deliver
the confirmation data (ACD) at the specified
i nst ant .

The system (1) according to one of the preceding
clains, conprising a plurality of comrunication
stations (3, 4) and a plurality of radio tags (7-
14) and a data processing device (2), which is
designed to decide which of the radio tags (7-14)
can connect to which communication station (3, 4).

The system (1) according to one of the preceding
clains, conprising a plurality of comrunication
stations (3, 4) and a plurality of radio tags (7-
14) and a data processing device (2), which is
designed to pronpt a radio tag (7-14) to end an
exi sting connection wth one of the conmmunication
stations (3, 4) and enter into a connection wth
anot her communi cation station (3, 4).



