
1  METHOD OF MANAGING A PLURALITY OF ELECTRONIC MICROCIRCUIT CHIP READERS
AND EQUIPMENTS FOR IMPLEMENTING SAID METHOD. The present invention relates
generally to the field of chips incorporating an  electronic microcircuit
and contactless radio-frequency readers of such microcircuit  chips, these
readers, also known as RFID (Radio-Frequency IDentification) readers,
being adapted to operate in read mode and/or in write mode. 5 More
particularly, although this is not limiting on the invention, the latter
finds its application in the field of casinos or gaming rooms for managing
a large  number of gaming chips, also known as casino gaming chips,
distributed between  the bank of the casino, cashiers, change tables and
gaming tables. Using  contactless radio-frequency readers communicating
with the microcircuits of the 10 gaming chips facilitates the work of the
casino operator, in particular through the  detection of counterfeit gaming
chips, the location and tracking of gaming chips in  the casino, the
counting of gaming chips (number and value), surveillance of  transactions
at the change tables or gaming tables, etc. In the remainder of this
description the expression gaming chip means any ~  15 element in the form
of a disc or a plate, usually fabricated from rigid plastics material. F
The chips carry patterns varying in design and in color to form a more or
less complex decoration and to reduce the risk of counterfeiting and/or
fraudulent  reproduction. Certain chips incorporate an electronic circuit
(electronic circuit and  memory) which stores information concerning the
chip, in particular its serial number 20 or identification code and its
value. Chips of this kind equipped with electronic  circuits and memory are
also known as electronic microcircuit chips or electronic  memory chips.
Depending on the design of the chip, the electronic circuits are of the
basic read-only memory (PROM) type, the reprogrammable memory (EEPROM)
type, that can be read and/or written, or even of the type with a
microprocessor and 25 accompanying memory. Finally, the electronic circuits
of the microcircuits or  electronic circuits include a coil forming part of
a contactless radio-frequency  transponder for communicating by means of
magnetic coupling to the antennas of  the radio-frequency readers, the
electric field radiated by the antennas of the readers  being also used to
generate the electrical energy necessary for the microcircuits. In 30
practice, signals carrying information are communicated by
modulation/demodulation  of a carrier wave at a predetermined frequency,
for example 125 kHz (this value is  not limiting on the invention). 



2  In the remainder of the description, and without limiting the invention
in any way, the term reader is to be understood in the widest sense as
meaning a device  intended in particular for reading and/or writing the
memory of the microcircuit. Each  reader is associated with a
microprocessor-based control unit that sends commands 5 and data to a
microcircuit within the field of the corresponding antenna and receives
and processes responses therefrom, certain readers being able to monitor a
plurality  of antennas in turn. In practice, a central reader control unit
managing a plurality of  readers is used. The benefits of introducing
microcircuit gaming chip readers into casinos  10 are encouraging operators
to use more of them and to reduce the distance between  the antennas
corresponding to two different readers. This results in the risk of
interference affecting communications between microcircuits and readers,
which is  more serious at the level of reception by the readers, the
intensity of the signal  produced by the coil of the microcircuit being
much lower than the intensity of the 15 signal produced by the antenna of a
reader. Thus reception by one reader may  suffer seriously from
interference caused by simultaneous transmission from an  antenna of a
neighboring reader that is too close to it. This unsatisfactory situation
is  encountered if a plurality of readers are disposed fairly close
together, for example  on change tables or on the same gaming table, such
as a roulette or blackjack table, 20 where the distance between antennas
may be as little as 30 cm. The solution  consisting in equipping the tables
concerned with an electromagnetic shield around  the antennas is
inconvenient or even difficult to put into practice, often through lack  of
space, and in the final analysis would not appear to be highly effective.
An object of the invention is to propose a method of managing a plurality
of  25 contactless radio-frequency gaming chip readers that eliminates
interference  between readers caused by uncoordinated transmission and
reception, in particular  via antennas that are close together, or at least
to reduce very significantly the  effects of interference on go and/or
return communications between readers and  microcircuits. 30 To this end,
the invention proposes a method for coordinated management  of a plurality
of contactless radio-frequency readers of gaming chips incorporating an
electronic microcircuit, wherein a current transmit/receive cycle Tx/Rx
between a  reader and the microcircuits accessible by the reader includes a
transmit operation  Tx of transmitting a command instruction from the
reader to the microcircuits 



35 followed by a receive operation Rx of the reader receiving the responses
from the 3  microcircuits, characterized in that the transmit/receive
cycles Tx/Rx of the active  readers are synchronized to group the transmit
operations Tx in a first time interval  and to group the receive operations
Rx in a second time interval with no overlap  between the two time
intervals. 5 Thus synchronizing Tx/Rx cycles by separately grouping
transmit operations  Tx, on the one hand, and receive operations Rx, on the
other hand, enables a  plurality of readers with antennas that are close
together to operate simultaneously,  the final time saving for processing a
batch of gaming chips shared between Nx  readers active simultaneously,
compared to processing that batch with a single 10 reader or with the Nx
readers operating successively to avoid the interference  referred to
above, being much greater than the delay introduced by the  synchronization
process. It should be noted that the only readers affected by the
synchronization process are the Nx active readers from the plurality of NL
readers  for which a Tx/Rx cycle is waiting, without prejudice to any
generalization to or 15 assimilation of other readers of the plurality if
necessary, for example as will become  apparent hereinafter in the case of
disconnection of power from and reconnection of  power to the antennas
(this example is not limiting on the invention). In a preferred embodiment
of the method of the invention, the transmit  operations Tx are grouped so
that they finish at substantially the same time. 20 This grouping minimizes
the time necessary for the transmit operations Tx  grouped in this way (in
this instance the longest duration of a transmission operation  Tx) and
permits that the receive operations Rx are started immediately after the
time  at which the transmit operations Tx end, so as also to reduce the
time necessary for  the receive operations Rx grouped in this way to the
longest receive time. 25 In a first advantageous variant of the method of
the invention, the  synchronization process includes: - a step of
collecting the durations TxL of the transmit operations Tx for  sending
command instructions of the first awaiting Tx/Rx cycles of the active
readers, (certain command protocols being able to take the form of a
succession of  30 several Tx/Rx cycles) and - a step of sending the active
readers instructions to execute the transmit  operations Tx for sending the
command instructions of the Tx/Rx cycles spread over  time in order of
decreasing duration TxL, beginning with the reader assigned the  



command instruction of the Tx/Rx cycle having the greatest duration TxL,
the delay 35 between one execution instruction and the next being equal to
the difference 4  between the durations TxL of the Tx/Rx cycle command
instructions to be  transmitted by the corresponding two readers, up to the
execution instruction  associated with the shortest duration TxL. A process
of the above kind structured in the above manner may be  5 implemented by
hardware and/or software solutions, as will become apparent in  more detail
hereinafter. Moreover, it is desirable or necessary to disconnect the power
from the  antenna for reasons of power saving and/or of returning the
microcircuits of gaming  chips disposed in the field of an antenna of a
reader to a standby state. 10 Disconnecting and reconnecting power to the
antennas can cause interference, in  particular to receive operations Rx,
until the antenna current has stabilized. The  following variant of the
method of the invention provides an advantageous solution to  this problem.
According to another optional but advantageous variant of the method of the
15 invention, the synchronization process includes synchronizing
instructions CA for  connecting power to or disconnecting power from the
antenna of one or more  readers of said plurality of readers: - these
instructions CA simulating command instructions of a Tx/Rx cycle to  an
active reader, 20 - the time for the antenna current to stabilize after the
execution of an  instruction CA simulating the time TxL of the transmit
operation Tx sending the Tx/Rx  cycle command instruction to the active
reader, said stabilization time being referred  to hereinafter as the
simulated duration TxL, and the instruction CA being referred to
hereinafter as the simulated transmit operation Tx, and 25 - an instruction
to execute an instruction CA simulating an instruction to  execute a
transmit operation Tx of a Tx/Rx cycle in which the receive operation Rx
has a null duration, hereinafter referred to as a simulated Tx/Rx cycle,
the reader  concerned by an instruction CA then simulating an active
reader. This variant eliminates the interference caused by disconnecting
and  30 reconnecting the power to the antenna and achieves this without
impeding the  coordinated management of the plurality of readers and at
lower cost in terms of  hardware and software resources. 



To improve further the synchronization between readers, the real and/or
simulated durations TxL take the form of multiples of the period of the
carrier used  35 by the readers. 5  The synchronization process is
advantageously effected by a synchronization circuit in accordance with a
synchronization cycle CS initiated either  by the first request for
authorization to execute a real or simulated Tx/Rx cycle  submitted by a
reader following a request from a central control unit of the reader, or 5
automatically at the end of the last receive operation Rx of real Tx/Rx
cycles  corresponding to the preceding synchronization cycle CS or, if
there is no real Tx/Rx  cycle, at the end of the simulated transmit
operations Tx. The synchronization process of the above embodiment of the
method of the  invention really involves, of the plurality of NL readers
whose management is  10 coordinated, only the Nx readers that are active
(having a Tx/Rx cycle waiting). All the readers that have transmitted
requests for authorization to execute a   real or simulated Tx/Rx cycle
since the start of execution of the preceding  synchronization cycle CS
advantageously participate in a new synchronization cycle CS.  15 This
embodiment of the method of the invention limits the time active  readers
wait for instructions to execute transmit operations Tx. All active readers
that have participated in the preceding synchronization  cycle
advantageously also participate in the new synchronization cycle CS. This
embodiment of the method of the invention enables automatic  20 processing
of series of Tx/Rx cycles for the same reader with no risk of interruption.
For each synchronization cycle CS, the step of collecting real and/or
simulated durations TxL is advantageously effected for all the NL readers
of the  plurality of readers, with determination of the number Nx of
readers for which an  instruction to execute the real or simulated transmit
operation Tx must be sent, and 25 the step of sending instructions to
execute the transmit operation Tx is adapted as a  function of Nx. This
embodiment of the method of the invention saves time in the execution  of
the synchronization cycle. In another optional but advantageous variant of
the method of the invention,  30 the clock signals of each reader of the
plurality of readers are synchronized to the  same timebase. 



This variant enables the readers to generate carrier waves synchronized to
the selected frequency, for example 125 kHz (this example is not limiting
on the  invention). 6  According to a further optional but advantageous
variant of the method of the invention in which it is intended to be used
with readers having the function of  detecting and managing collisions at
the level of simultaneous responses of a  plurality of microcircuits to the
same command instruction of a Tx/Rx cycle, the 5 method is characterized in
that it is associated with means adapted to implement the  following
accelerated collision management process: - on detection of a collision by
virtue of a mismatch between the value '0' or  '1' of a bit of the response
and the expected value for that bit, determining the  "strong" or "weak"
nature of the collision as a function of the level of uncertainty as to  10
the detected value of the response bit concerned; iteratively processing
collisions, only "strong" collisions being processed on  the first
iteration. In this variant there are processed during the first iteration
of the method  only "strong" collisions (for which the uncertainty is low)
that in practice correspond  15 to real collisions (for example, reading by
a reader of a response to a request for identification of a chip with a
given serial number held in the memory of its own  microcircuit by the
microcircuit of another chip having an adjacent serial number);  thus false
collisions (generally resulting from difficulty reading the value of the
bit  concerned in the response, and thus from a high level of uncertainty
in relation 20 thereto) are eliminated from processing in the first
iteration. One non-limiting  example of this processing is obtaining
confirmation by targeted interrogations of  certain serial number fields of
the number of the gaming chip originating the  response, even if that means
eliminating the incriminated gaming chip by "silencing"  it (inhibiting the
receive operation Rx), if the latter is not one of the gaming chips 25
looked for. This embodiment very significantly accelerates the management
of real  collisions and chip reading and/or writing times. It is to be
noted that each false  collision increases the reading time unnecessarily
because of the resulting attempts  to discover serial numbers SNR that in
reality do not exist; hence the necessity of  avoiding such collisions. 30
Discrimination between "strong" and "weak" collisions is advantageously
obtained by fixing for each reader a predetermined sharing threshold
associated with  



the level of uncertainty as to the detected value of the response bit
concerned. This embodiment adapts the sharing threshold to each reader and
to its  immediate environment (distance between reader antennas, shapes
and/or  35 disposition of the antennas, real power dissipated, etc). 7  The
sharing threshold is advantageously selected to distinguish between real
collisions, "strong" collisions resulting from simultaneous responses from
a  plurality of microcircuits separate from false collisions, and "weak"
collisions resulting  in particular from electromagnetic interference
external to the readers or interference 5 between readers with antennas in
close proximity during sending of the responses  Rx. The invention also
provides a synchronization circuit for a plurality of  contactless
radio-frequency readers of chips incorporating an electronic microcircuit
adapted to implement the method according to the invention described above
in all 10 its variants, the circuit including a microprocessor-based
processing unit that is  adapted to effect the synchronization and is
associated with an interface circuit  adapted to be readily connected to
each of the readers of said plurality of readers.  To this end, the
processing unit includes hardware and software means enabling it to
execute the synchronization process. 15 It is also to be noted that the
synchronization circuit is capable of working  autonomously, for example so
that it can be installed alongside the readers of the  same casino table,
but may equally well be integrated into or connected to the  central reader
management unit. The interface circuit advantageously includes means for
demultiplexing data  20 transmission lines from the readers. The interface
circuit optionally and advantageously includes means for  delivering to the
readers clock signals synchronized to the timebase of said  processing unit
of the synchronization circuit. The invention also provides a contactless
radio-frequency read/write reader  25 system of chips incorporating an
electronic microcircuit adapted to implement the  method according to the
invention in conjunction with a synchronization circuit as  defined
hereinabove, the reader including clock signal switching means for
switching  from an internal timebase to the timebase of said processing
unit. The invention also provides a contactless radio-frequency read/write
reader  30 system of chips incorporating an electronic microcircuit adapted
to implement the  



method according to the invention in conjunction with a synchronization
circuit as  defined hereinabove, the reader having hardware and software
means enabling it to  effect synchronization within a plurality of readers,
the coordinated management of  read and/or write cycles Tx/Rx, in
particular in the variant controlling connection of 35 power to and/or
disconnection of power from the antennas and/or in the variant 8  employing
the accelerated collision management process. The invention also provides a
contactless radio-frequency reader and/or  writer of chips incorporating an
electronic microcircuit adapted to implement the  method according to the
invention in all its variants, including a plurality of readers as 5
defined hereinabove connected to a synchronization circuit as defined
hereinabove  and managed by a microprocessor-based central control unit.
The invention also provides a contactless radio-frequency reader and/or
writer of chips incorporating an electronic microcircuit adapted to
implement the  method according to the invention in all its variants,
including a plurality of readers as 10 defined hereinabove using adaptation
of the clock signal and synchronized by the timebase of a synchronization
circuit as defined hereinabove. F  Other features and advantages of the
present invention will become apparent on reading the following
description, which is provided by way of  nonlimiting example only and with
reference to the appended drawings, in which: 15 - Figure 1 is a diagram of
one embodiment of a contactless radio-frequency  system in accordance with
the invention for reading and/or writing chips provided  with electronic
microcircuit intended to be used in conjunction with the method of the
invention; - Figure 2 is a general flowchart of the operations effected by
the j  20 synchronization circuit in the context of implementation of a
variant of the method of the invention featuring predetermination of the
number of readers of the plurality to  be synchronized in the next
synchronization cycle CS; - Figure 3 is a flowchart of operations effected
by a reader during the  execution of a synchronization cycle CS in the
context of implementation of the  25 method of the invention, in particular
the protocol for transferring times TxL to the  synchronization circuit; -
Figure 4 is a partial flowchart of operations effected by the
synchronization  circuit during execution of the synchronization cycle CS
shown in Figure 3, in  particular the protocol for collection of numbers
TxL by the synchronization circuit;  



30 and - Figure 5 is a diagram of a clock switching circuit for changing a
reader  from an 'independent reader' mode to a 'synchronized reader' mode.
The embodiment of a contactless radio-frequency system 10 according to  the
invention for reading and/or writing chips incorporating an electronic
microcircuit  35 intended to be used in conjunction with the method of the
invention shown 9  diagrammatically in Figure 3 includes, by way of non
limiting example, a plurality 12  of readers comprising three readers L1,
L2 and L3 respectively identified by the  reference numbers 12a, 12b, 12c.
Each reader includes a respective antenna 13a,  13b, 13c associated with
the tabletop 14 of the same gaming table or cashier table 5 for defining
corresponding reading/writing areas in which are placed gaming chips  15a,
15b and 15c (in the form of plates or discs) incorporating an electronic
microcircuit, either flat and individually (gaming chips 15b) or stacked up
(gaming  chips 15a and 15c), the stacks containing 20 or more gaming chips.
Again by way of non-limiting example, the three readers 12a, 12b and 12c
10 are of the VEGAS read-write device type (version VEGRED2) from Gaming
Partners  International SAS. Each gaming chip incorporates an electronic
microcircuit 16 with  a contactless radio-frequency transponder, in this
instance a Hitag Vegas  transponder from Philips Semiconductors. The three
readers 12a, 12b and 12c are connected via RS232 serial  15 interfaces 17a,
17b and 17c to the same host computer OH 18 defining a central  reader
control unit transmitting commands to readers and using data supplied
thereby. It is to be noted that, in a variant that is not shown, and
without departing  from the scope of the invention, each reader may have
its own central control unit  (computer OH); for example, there could be in
total one synchronization card, three 20 readers and three independent
computers OR Each reader 12a, 12b or 12c includes  in particular a reader
microprocessor pP (not shown) and a digital signal processor  DSP (not
shown), used in particular for executing the anticollision algorithm. The
three readers 12a, 12b and 12c are generally loaded with the same software
and  configured identically so that the operating characteristics of the
three readers 12a,  25 12b and 12c are identical (except for the identity
specific to each reader). Thus the transmission Tx of a command to the
microcircuits by a reader  (12a, 12b or 12c) is effected by strong
modulation of the current of the antenna  associated with the reader, which
is detected by microcircuits 16 in the field thereof.  



Similarly, the reception Rx by the reader of the response from the
microcircuits to a 30 command is effected by the reader detecting the weak
modulation of the antenna  voltage. The energy necessary for the
microcircuit 16 to function is supplied by the  magnetic field of the
antenna of the corresponding reader. The reader (12a, 12b or  12c) sends
commands to the microcircuits by modulating the amplitude of the 35
oscillations of the magnetic field. The microcircuits respond by modulating
an internal 10  resistance, magnetic coupling transmitting this modulation
to the reader. Again by way of nonlimiting example, the following states
characterize the  operation of the Hitag type microcircuit 16. Off. The
microcircuit is out of the field of the antenna. 5 Ready. The microcircuit
has just been placed in the field of the antenna. In this state  it accepts
only the command SetCC, after which it sends the serial number (SNR) to
the reader and goes to the Initial state. Initial. In this state the
microcircuit accepts the following commands:  SetCC - same effect as in the
Ready state. 10 ReadID - the reader sends N bits to the microcircuits (1 5
N s 31). The microcircuits  in which the first N bits of the SNR coincide
with the N bits received respond by  sending the other 32-N bits of the
SNR; the other microcircuits go to the Ready  state. Select - the reader
sends 32 bits to the microcircuits. The microcircuit whose SNR  15
coincides with the bits received responds by sending the data of its
configuration  page in memory and goes to the Selected state; the other
microcircuits go to the  Ready state. Selected. In this state the
microcircuit accepts the commands for reading and writing  data and the
command Halt, after which it goes to the Silent state. 20 Silent. In this
state the microcircuit does not respond to any command, thus enabling  the
reader to communicate with the other microcircuits. The only way to quit
this  state is to return to the Off state. It can happen that a plurality
of microcircuits send their responses at the  same time following the
commands SetCC and ReadID. The responses of the  25 microcircuits are
synchronized, in particular by the clock of the reader when the latter is
operating in the independent reader mode; they therefore contain 32 bits
for the  SetCC command and 32-N bits for the ReadlD command. If the
responses differ at  



certain bit positions, then collisions are said to occur at the
corresponding positions.  The reader detects and processes these collisions
by means of the anticollision  30 algorithm. To enable the microcircuits 16
to exit the Silent state, the reader can use  the command HFReset to
temporarily disconnect power from the antenna. It can  also use the command
SetPowerDown to disconnect power from the antenna  during periods of
inactivity. 11  The three readers 12a, 12b and 12c are also connected to a
synchronization circuit CSL 20 taking the form of an electronic circuit
card carrying  the following three main components: an ATMEL AT89C55WD
microprocessor- based processing unit 22, a Xilinx CPLD XC9672 interface
circuit 24, and a Maxim  5 MAX202 serial interface 26. The microprocessor
22 executes the synchronization protocol of the  invention. It also
communicates, via the serial interface 26, with a computer  connected to
the CSL circuit (in this example this is advantageously, although not
necessarily, the computer 18), with which tests may be carried out to
verify if all the 10 components of the system (CSL circuit, readers 12a,
12b and 12c and connecting  cables 17a, 17b and 17c) are operating
correctly. It will be noted, however, that the  presence of a computer is
not required for the CSL circuit 20 during normal I  operation of the
system 10 of the invention. The interface circuit 24 has the following
functions: 15 - It provides the interface between the microprocessor 22 and
the three  readers 12a, 12b and 12c; in particular, it acts as a
demultiplexer between the  microprocessor 22 and the DATA lines. - It
distributes to the readers a 4 MHz signal obtained by dividing down the  20
MHz frequency of the timebase of the microprocessor 22. This signal is used
by  20 the readers 12a, 12b and 12c to generate the carrier waves
synchronized to  125 kHz. - It initializes the microprocessor 22 on power
up and reinitializes it in the  event of the program locking up. To this
end, the interface circuit includes a  "watchdog" type subcircuit (not
shown) for this purpose having an input controlled by 25 the microprocessor
22 and an output that controls the RESET signal of the  microprocessor. If
the microprocessor 22 does not activate the input of the sub- 



circuit for a certain time period, the sub-circuit activates the RESET
signal. This  solution is preferred over using the watchdog circuit
integrated into the  microprocessor or a capacitor associated with the
RESET line because the latter two 30 options are unable to start up the
microprocessor correctly on power up because one  reader 12a, 12b or 12c
may be powered up before the circuit 24 and a few logic lines  connecting
that reader to the circuit 24 might happen to be high (the reader normally
resets them to low when it is powered up). Under these conditions, it is
possible for  the voltage present on these lines to generate a partial
start-up of the 35 microprocessor 22, sufficient to discharge a capacitor
connected to its RESET line 12  but insufficient to activate the whole of
the processor correctly, in particular its  watchdog circuit. Accordingly,
the microprocessor 22 would not start when powered  up with a delay
relative to the reader. On the contrary, the subcircuit 24 would  commence
to function at this time and there would be no delay in it activating the
5 RESET signal of the microprocessor 22. To enable the readers 12a, 12b and
12c to receive the 4 MHz signal  supplied by the circuit 24 (where
applicable after disabling the internal clock divider  circuit of the
reader associated with the microprocessor of the latter), it is important
to associate with each reader a clock switching circuit, for example the
switching 10 circuit 28 shown in Figure 5, which is based on the Philips
Semiconductors 74HC390  integrated circuit 30 and enables the reader to
function in the synchronized reader or  independent reader mode. In the
independent reader mode, the counter/dividers by 5 (terminals  CKB/QC) and
by 2 (terminals CKA/QA) of the integrated circuit 30 are connected in  15
series, to obtain division by 10 of the frequency of the 20 MHz signal
supplied by the internal processor of the reader (line 32), which yields
the signal at 2 MHz (line 34)  that the reader needs to generate the
carrier wave and other signals required for  transmit operations Tx and
receive operations Rx. To this end, the single jumper 36  and the jumper
38a are closed and the jumper 38b is open. 20 In the synchronized reader
mode (which is the mode of the readers 12a,  12b and 12c in the present
situation), the divider by 5 is idle and the signal at 4 MHz  supplied by
the circuit 24 (line 33) passes through the divider by 2 (CKA/QA); there
is therefore obtained on the line 34 the signal at 2 MHz needed by the
reader;  passing this signal through the divider (CKA/QA) also has the
object of ensuring 25 clean transitions in the signal, eliminating possible
interference introduced by the  



transmission cable. To this end, the single jumper 36 and the jumper 38a
are open  and the jumper 38b is closed. The 2 MHz signals are therefore
synchronized for all the readers 12a, 12b  and 12c because they come from a
common timebase, that of the microprocessor of  30 the central processing
unit 22 of the synchronization circuit 20. The method of the invention for
coordinated management of the plurality of  readers (three readers) 12a,
12b and 12c is implemented in the following manner. Each reader 12a, 12b or
12c acts in response to commands received from  the central management unit
18 (also referred to hereinafter as the computer OH).  35 After any such
command, the reader undertakes actions comprising zero, one or 13  more
than one Tx/Rx cycles. For what it is worth, it should be remembered that
the Tx/Rx cycle proper of  the readers comprises two steps: the
transmission (transmit operation Tx) of a  command from the reader to the
microcircuits, followed by the reception by the 5 reader (receive operation
Rx) of the response from the microcircuits. In the  particular, but
non-limiting, situation of the readers 12a, 12b or 12c, the response Rx
from the microcircuits is automatic and follows on almost immediately from
the end  of the transmission operation Tx from the reader concerned. In the
case of a synchronized reader, a Tx/Rx cycle is preceded by an  10
additional synchronization process that in particular precedes and
coordinates the  transmission operation Tx for the command relative to Tx
commands of the other  readers. The object of this process is to ensure
that no Tx time interval of one reader  is superimposed on any Rx time
interval of another reader, and thus that the strong  modulation of the
operations Tx does not interfere with the weak modulation of the 15
operations Rx. In other words, the function of the synchronization process
is to group  into a first time interval the transmit operations Tx and to
group into a second time  interval the receive operations Rx, with no
overlap between the two time intervals. In  a preferred embodiment of the
coordinated management method of the invention,  the readers 12a, 12b and
12c are synchronized in such a manner that all the 20 transmit operations
Tx of the active readers finish at the same time, allowing the  receive
operations Rx to begin at the same time. The process is implemented by
executing a synchronization cycle CS described hereinafter. Initially each
reader 12a, 12b, 12c, activated by a command from the  computer OH 18,
calculates the duration TxL of the corresponding transmit operation  



25 Tx as a 16-bit integer expressing the duration of the command in
multiples of the period of the 125 kHz carrier (8 microseconds). This
duration is then communicated  via the interface circuit 24 to the
synchronization circuit CSL 20, after which the  reader waits for the START
signal. Only after it has received this START signal from  the CSL circuit
20 does the reader execute the Tx/Rx cycle, i.e. the operation Tx of 30
transmitting the command to the microcircuit 16 and the operation Rx of
receiving  from the microcircuit. To be able to communicate the numbers TxL
to the circuit CSL 20, each of  the three readers 12a, 12b and 12c is
connected to the interface circuit 24 by means  of the following logic
lines (see figure 1): 35 8 DATA lines in the reader-CSL circuit direction;
14  1 BUSY line in the reader-CSL circuit direction; 1 REQUEST line in the
reader-CSL circuit direction;  1 START line in the CSL circuit-reader
direction. If the higher byte of the duration TxL has a null value, the
transfer of TxL to the CSL  5 circuit 20 is effected in a single step,
using the 8 DATA lines to transfer the lower  byte. If the higher byte does
not have a null value, the transfer is effected in three  steps. A byte
equal to 0 is transferred first; as this is not a valid value for a
duration  TxL, it tells the CSL circuit 20 that a two-step transfer is to
follow, namely the higher  byte then the lower byte of the duration TxL. 10
The values assigned to the BUSY and REQUEST lines by the reader 12a,  12b
or 12c concerned (see figure 1) have the following meanings: BUSY = 0,
REQUEST = 0 - the reader does not participate in the current
synchronization cycle CS (reader inactive); BUSY = 1, REQUEST = 1 - the
reader had just transferred the lower byte of TxL or a  15 byte that has a
null value; BUSY = 1, REQUEST = 0 - the reader has just transferred the
higher byte of TxL;  BUSY = 0, REQUEST = 1 - the reader is waiting for the
START signal. From the point of view of the CSL synchronization circuit 20,
a  synchronization cycle CS commences when a '1' is detected on at least
one of the  20 REQUEST lines. The cycle comprises two main steps: i)
collecting the numbers TxL, extending from the commencement of the CS cycle
(see figure 4, step 400) to the  detection of a '0' on all the BUSY lines
(see figure, step 404); ii) distributing the  START signals as a function
of the numbers TxL. After these two main steps, the  



CSL circuit 20 returns to the idle state until a new cycle commences. 25 In
Figures 3 and 4, the symbol <- (small arrow pointing to the left) is used
to  designate either the transfer of values of variables or of constants
situated to the  right of the sign on the logic lines on the left or the
storage in memory of the values  of the logic lines on the right in the
variables on the left. The symbol [T] signifies that  the wait for a
certain logic condition to be satisfied is not extended to infinity, but
until 30 a time-out expires that is reset to 0 on the first verification of
the condition in  question; the object of this is to avoid the system
locking up in an infinite loop in the  event of defective operation of one
of its components or connecting cables. The program associated with the CSL
synchronization circuit 20 and the  readers 12a, 12b and 12c incorporates
the infinite loop shown in figure 2. The  35 protocol for transferring the
numbers TxL to the CSL circuit 20 used by the reader is 15  shown in figure
3 and the protocol for collecting the numbers TxL used by the CSL  circuit
20 is shown in figure 4. With regard to the infinite loop of figure 2, once
the CSL circuit 20 has been  powered up, it first of all collects the
numbers TxL from each of the readers of the  5 plurality 12, retaining only
active readers, for which the number TxL is greater than 0 (step 201). As a
function of the number Nx of readers for which TxL >0, the CSL  circuit 20
synchronizes three readers (step 202), two readers (step 203) or only one
reader (step 204). The program of the CSL synchronization circuit 20 has
three 8-bit logic  10 ports DATA(1 - 3) which the CSL circuit uses to read
the values placed on the DATA  lines by the three readers 12a, 12b and 12c.
The CSL circuit also has a logic gate  BUSY_REQUEST which it uses to read
simultaneously the values on the BUSY and  REQUEST lines connected to the
three readers. The program of the CSL synchronization circuit 20 also uses
the following  15 variables in the protocol for collecting TxL shown in
figure 4: a three-entry table TxL(1 - 3), which stores the numbers TxL
coming from the three  readers; a three-entry table TxLSET(1 - 3);  the
auxiliary variable D. 20 The tables TxL and TxLSET are reset to '0' at the
end of each  synchronization cycle CS. A'1' in the i1" entry of TxLSET
signifies that the transfer of  the number TxL for the ith reader is
finished. 



The synchronization process shown in figure 3 (on the side of the reader
12a, 12b or 12c, hereinafter referred to as the ith reader) and in figure 4
(on the side  25 of the CSL circuit 20, by an iterative process for which i
spans the range from 1 to  NL=3 in this example) is described next: After
receiving a command from the computer OH 18, the ith reader places a  '1'
on the BUSY line (step 301), thereby informing the CSL synchronization
circuit 20  of its intention to participate in the synchronization cycle
CS. If the higher byte of its 30 number TxL has a null value (condition
301'), the i`" reader transfers the lower byte of  its TxL by placing that
byte on the DATA lines (step 302), and then by placing a '1'  on the
REQUEST line (step 303). After the '1' is detected on the request line of
the it'  reader (step 401), the CSL circuit 20 reads the value of the port
DATA(i) (step 402);  as this does not have a null value, the CSL circuit
places it in the lower byte of TxL(i) 35 and writes a '1' in TxLSET(i)
(step 403), the TxL transfer thus being completed for 16  the ith reader.
If the higher byte of its TxL is does not have a null value (condition
301'), the  ith reader places a '0' on the DATA lines (step 304), and then
places a '1' on the  REQUEST line (step 305). After the '1' has been
detected on the REQUEST line of 5 the ith reader (step 401), the CSL
circuit 20 reads the value of the port DATA(i) (step  402); this having a
null value and the two conditions TxL(i) = 0 and TxLSET(i) = 0  being
satisfied, the CSL circuit knows that the transfer of a number TxL on 16
bits  must follow. To this end, the CSL circuit places a '1' on the START
line of the ith  reader (step 405); in response (condition 305'), the ith
reader transfers the higher 10 byte of its TxL by placing that byte on the
DATA lines (step 306) and then placing a  '0' on the REQUEST line (step
307). Following the '0' detected on the REQUEST line  (condition 405'), the
CSL circuit 20 places the value of DATA(i) in the higher byte of  TxL(i)
(step 406), and then resets the START line of the ith reader to '0' (step
407). In  response to the '0' on the START line (condition 307'), the ith
reader transfers the 15 lower byte of its TxL by placing that byte on the
DATA lines (step 302) and then  placing a '1' on the REQUEST line (step
303). Following the '1' detected on the  REQUEST line of the it" reader, CS
reads the value of the port DATA(i) (step 402);  even if the latter is a
null value (it is perfectly possible for the lower byte of TxL to  have a
null value if the higher byte does not), the conditions TxL(i) > 0 and 20
TxISET(i) = 0 (condition 402') inform the CSL circuit that it is now a
question of  transferring the lower byte of TxL; consequently, the CSL
circuit 20 places the value  



of DATA(i) in the lower byte of TxL(i) and writes a '1' in TxLSET(i) (step
403), this  completing the TxL transfer for the ith reader. At this point
the ith reader begins to wait for permission to send the  25 command to the
microcircuits (execution of the transmit operation Tx). To this end it
resets the BUSY line to '0', whilst maintaining the '1' on the REQUEST line
(step  308). Permission is granted by the CSL circuit placing a '1' on the
START line of the  ith reader (condition 308'); at this time, the ith
reader resets its REQUEST line to '0'  (step 309), then places a '1' on its
BUSY line (step 310). The reader then executes 30 its Tx/Rx cycle, sends
its command to the microcircuits and receives the response.  This completes
the current Tx/Rx cycle. However the START signal for the ith reader will
be sent only upon the  synchronization process proper (with the
distribution of the START signals as a  function of the numbers TxL)
following the iterative process shown in figure 4 35 (collection of the
numbers TxL) has ended, i.e. after interrogation of all the other 17
readers of the plurality of readers (condition 407'). If any of the readers
is inactive,  i.e. with the signals REQUEST=O and BUSY=O (conditions 401'
and 401"), that  reader is excluded from the synchronization process proper
executed afterwards and  the values Txl(i) and TxISET(i) are set to '0'
(step 408). Finally, the synchronization 5 process proper commences after
the step 404 of ending the collection of the  numbers TxL, once the double
condition is satisfied that at least one REQUEST  signal is equal to 1 and
the three BUSY signals are equal to zero (condition 407"). If the command
from the computer OH 18 necessitates another Tx/Rx cycle,  the fact that
the '1' has been retained on the BUSY line guarantees the participation  10
of the ith reader in the synchronization cycle CS to follow the current
cycle CS. After completing all the Tx/Rx cycles required to execute the
command from  the computer OH 18, the it" reader normally resets its BUSY
line to '0', thereby  informing the CSL circuit 20 that it has become
inactive. Another synchronization  cycle CS could commence without the
participation of the i't' reader. If the latter 15 receives a command from
the computer OH 18 during the execution of a  synchronization cycle CS in
which it is not participating, it will be obliged to wait for  the next
cycle CS. If there are situations in which this is not desirable, an
alternative  embodiment (not shown) includes a Delayed Reset mode in
respect of the BUSY  line. In this mode, the reader does not reset the BUSY
line to '0' immediately after 20 completion of execution of the command
from the computer OH 18, but with a time- 



delay of approximately 80 milliseconds. This time-delay enables the
computer OH 18  to send a new command immediately to the reader, which will
therefore not miss the  next synchronization cycle CS. If the computer OH
18 does not wish to send a new  command, it can request the reader to reset
the BUSY line to '0'. 25 Commands from the computer OH 18 having the object
of connecting  power to and disconnecting power from the antennas 13a, 13b
and 13c do not  contain any real Tx/Rx cycle. However, these commands are
preferably also  synchronized. To this end, the reader indicates to the CSL
circuit a simulated value  of TxL of sufficient duration for the antenna
current to stabilize, and then executes 30 the command concerning the
current (command CA simulating a transmit operation  Tx) after reception of
the START signal. The CSL synchronization circuit 20 also commences the
synchronization of  the current cycle CS at the moment at which all the
BUSY lines coming from the  three readers 12a, 12b and 12c are set to '0'.
This condition is distinguished from the 35 situation in which all the
readers are idle in that there is at least one REQUEST line 18  at '1'. The
synchronization process depends on the number of readers participating  in
the current synchronization cycle CS, which is equal to the number Nx of
non-null  values TxL that have just been transferred. The synchronization
process in the case of three participating readers  5 (Nx=NL=3) is
described next (see Figure 2): - The values of the numbers TxL are put into
order. A three-entry table  READERS(1 - 3) is used for this purpose, the
numbers of the three readers (12a,  12b or 12c) being written into these
entries so that TxL(READERS(1)) >=  TxLREADERS(2)) >= TxL(READERS(3)). 10 -
A '1' is placed on the START line of the reader whose number is written in
READERS(1), corresponding to sending the instruction to execute the Tx/Rx
cycle of  the reader for which the transmit operation Tx to send the
command instruction  takes longest (first reader launched). - There is then
a wait for a time equal to (TxL(READERS(1)) - 15 TxL(READERS(2))) times the
period of the carrier, corresponding to the delay in  sending the
instruction to execute the Tx/Rx cycle of the second reader relative to
the first reader launched. - A '1' is placed on the START line of the
reader whose number is written in  READERS(2) (second reader launched). 



20 - There is then a wait for a time equal to (TxL(READERS(2)) -
TxL(READERS(3))) times the period of the carrier, corresponding to the
delay in  sending the instruction to execute the Tx/Rx cycle of the third
reader relative to the second reader launched. F  - A'1' is placed on the
START line of the reader whose number is written in 25 READERS(3) (third
reader launched). - There is then a wait [T] for the BUSY lines of all
three readers to be at '1'.  - The START lines of the three readers are
reset to V. - The tables TxL(1 - 3) and TxLSET(1 - 3) are reset to '0'. The
process is similar in the case of two participating readers, the only  30
difference being that it concerns two readers instead of three. In the case
of a single participating reader, the process consists in giving  the START
signal immediately, waiting [T] for the BUSY line of the reader to go to
'1', resetting the START line of the reader to '0', and resetting the
tables TxL(1 - 3)  and TxLSET(1 - 3) to '0'. 19  It is to be noted that the
invention is not limited to a plurality NL of three readers and may be
implemented with a greater number of readers provided that the  circuits
and the software are modified accordingly, on the basis of the information
given hereinabove, and provided that the commands sent by different readers
do not  5 significantly interfere with each other. It is also to be noted
that the invention is not limited to contactless radio- frequency reading
and/or writing of electronic microcircuit casino and gaming room  chips,
but applies to all applications involving contactless RFID reading/writing
of  tokens, plates or electronic microcircuit cards (by way of non-limiting
example:  10 access tokens or cards, electronic vouchers or labels, etc.).
Nor is the invention limited to the readers and/or the reader/microcircuit
and  microcircuit/reader communication protocol using Tx/Rx cycles
described  hereinabove. The method of coordinated management of a plurality
of readers and  the synchronization process of the invention are applicable
i) to all readers using a 15 communication protocol of the type in which
commands are sent by the reader  followed by responses sent by the
microcircuits, which responses may be automatic  and immediate (as in the
Tx/Rx cycle described hereinabove) or automatic and non- immediate, or with
sending time-controlled; and ii), optionally, to all readers using
commands to disconnect power from the antennas, the electronic
microcircuits being 



20 adapted to the readers, from the hardware and software point of view, in
each of the  situations referred to above. l 20  CLAIMS 1. Method for
coordinated management of a plurality (12) of contactless  radio-frequency
readers (12a, 12b, 12c) of chips (15a, 15b, 15c) incorporating an
electronic microcircuit (16), wherein a current transmit/receive cycle
Tx/Rx between a 5 reader (12a, 12b, 12c) and the microcircuits (16)
accessible by the reader includes a  transmit operation Tx of transmitting
a command instruction from the reader to the  microcircuits followed by a
receive operation Rx of the reader (12a, 12b, 12c)  receiving the response
from the microcircuits (16), characterized in that the  transmit/receive
cycles Tx/Rx of the active readers are synchronized to group the 10
transmit operations Tx in a first time interval and to group the receive
operations Rx  in a second time interval with no overlap between the two
time intervals. 2. Method according to claim 1, characterized in that the
transmit  operations Tx are grouped so that they finish at substantially
the same time. 3. Method according to either claim 1 or claim 2,
characterized in that the  15 synchronization process includes: - a step of
collecting the durations TxL of the transmit operations Tx for  sending
command instructions of the first awaiting Tx/Rx cycles of the active
readers  (12a, 12b, 12c), and - a step of sending the active readers
instructions to execute the transmit  20 operations Tx for sending the
command instructions of the Tx/Rx cycles spread over  time and in order of
decreasing duration TxL, beginning with the reader assigned the  command
instruction of the Tx/Rx cycle having the greatest duration TxL, the delay
between one execution instruction and the next being equal to the
difference  between the durations TxL of the Tx/Rx cycle command
instructions to be 25 transmitted by the corresponding two readers, up to
the execution instruction  associated with the shortest duration TxL. 4.
Method according to claim 3, characterized in that the synchronization
process includes synchronizing instructions CA for connecting power to or
disconnecting power from the antenna (13a, 13b, 13c) of one or more readers
of  30 said plurality of readers: - these instructions CA simulating
command instructions of a Tx/Rx cycle to  



an active reader, - the time for the antenna current to stabilize after the
execution of an  instruction CA simulating the time TxL of the transmit
operation Tx sending the Tx/Rx  35 cycle command instruction to the active
reader, said stabilization time being referred 21  to hereinafter as the
simulated duration TxL, and the instruction CA being referred to
hereinafter as the simulated transmit operation Tx, and - an instruction to
execute an instruction CA simulating an instruction to  execute a transmit
operation Tx of a Tx/Rx cycle in which the receive operation Rx  5 has a
null duration, hereinafter referred to as a simulated Tx/Rx cycle. 5.
Method according to either claim 3 or claim 4, characterized in that the
real and/or simulated durations TxL take the form of multiples of the
period of the  carrier used by the readers (12a, 12b, 12c). 6. Method
according to any one of claims 3 to 5, characterized in that the  10
synchronization process is effected by a synchronization circuit (20) in
accordance  with a synchronization cycle CS initiated either by the first
request for authorization to  execute a real or simulated TxIRx cycle
submitted by a reader following a request  from a central control unit (18)
of the reader, or automatically at the end of the last  receive operation
Rx of real Tx/Rx cycles corresponding to the preceding 15 synchronization
cycle CS or, if there is no real Tx/Rx cycle, at the end of the  simulated
transmit operations Tx. 7. Method according to claim 6, characterized in
that all the readers (12a,  12b, 12c) that have transmitted requests for
authorization to execute a real or  simulated Tx/Rx cycle since the start
of execution of the preceding synchronization  20 cycle CS participate in a
new synchronization cycle CS. 8. Method according to claim 7, characterized
in that all active readers that  have participated in the preceding
synchronization cycle also participate in the new  synchronization cycle
CS. 9. Method according to any one of claims 6 to 8, characterized in that,
for  25 each synchronization cycle CS, the step of collecting real and/or
simulated durations  TxL is effected for all the NL readers of the
plurality (12) of readers, with  determination of the number Nx of readers
for which an instruction to execute the  real or simulated transmit
operation Tx must be sent, and the step of sending  instructions to execute
the transmit operation Tx is adapted as a function of Nx. 30 10. Method
according to any one of the preceding claims, characterized in  



that the clock signals of each reader of the plurality of readers (12a,
12b, 12c) are  synchronized to the same timebase. 11. Method according to
any one of the preceding claims, adapted to be  used with readers having
the function of detecting and managing collisions at the  35 level of
simultaneous responses of a plurality of microcircuits to the same command
22  instruction of a Tx/Rx cycle, characterized in that it is associated
with means adapted  to implement the following accelerated collision
management process: - on detection of a collision by virtue of a mismatch
between the value '0' or  '1' of a bit of the response and the expected
value for that bit, determining the  5 "strong" or "weak" nature of the
collision as a function of the level of uncertainty as to  the detected
value of the response bit concerned; - iteratively processing collisions,
only "strong" collisions being processed on  the first iteration. 12.
Method according to claim 11, characterized in that discrimination  10
between "strong" and "weak" collisions is obtained by fixing for each
reader (12a,  12b, 12c) a predetermined sharing threshold associated with
the level of uncertainty  as to the detected value of the response bit
concerned. 13. Method according to claim 12, characterized in that the
sharing  threshold is selected to distinguish between real collisions,
"strong" collisions  15 resulting from simultaneous responses from a
plurality of microcircuits (16) separate from false collisions, and "weak"
collisions resulting in particular from  electromagnetic interference
external to the readers (12a, 12b, 12c) or interference  between readers
with antennas in close proximity during sending of the responses  Rx. 20
14. Synchronization circuit (20) for a plurality (12) of contactless radio-
frequency readers of chips (15a, 15b, 15c) incorporating an electronic
microcircuit  adapted to implement the method according to any one of the
preceding claims,  characterized in that it includes a microprocessor-based
processing unit (22) that is  adapted to effect the synchronization and is
associated with an interface circuit (24) 25 adapted to be readily
connected to each of the readers (12a, 12b, 12c) of said  plurality (12) of
readers. 15. Synchronization circuit (20) according to claim 14,
characterized in that  the interface circuit (24) includes means for
demultiplexing data transmission lines  from the readers. 



30 16. Synchronization circuit (20) according to either claim 14 or claim
15,  characterized in that the interface circuit (24) includes means for
delivering to the  readers (12a, 12b, 12c) clock signals synchronized to
the timebase of said  processing unit (22). 17. Contactless radio-frequency
reader (12a, 12b, 12c) of chips (15a, 15b,  35 15c) incorporating an
electronic microcircuit (16) adapted to implement the method 23  according
to any one of claims I to 13 in conjunction with a synchronization circuit
(20) according to any one of claims 14 to 16, characterized in that it has
access to or  includes hardware and software means enabling it to effect
synchronization within a  plurality (12) of readers, the coordinated
management of read and/or write cycles 5 Tx/Rx, in particular in the
variant controlling connection of power to and/or  disconnection of power
from the antennas (13a, 13b, 13c) and/or in the variant  employing the
accelerated collision management process. 18. Contactless radio-frequency
reader (12a, 12b, 12c) of chips (15a, 15b,  15c) incorporating an
electronic microcircuit (16) adapted to implement the method  10 according
to any one of claims 1 to 13 in conjunction with a synchronization circuit
(20) according to claim 16, characterized in that it includes clock signal
switching  means (28) for switching from an internal timebase to the
timebase of said  processing unit (22). 19. System of contactless
radio-frequency read/write reader (10) of chips  15 (15a, 15b, 15c)
incorporating an electronic microcircuit (16) adapted to implement  the
method according to any one of claims 1 to 13, characterized in that it
includes a  plurality (12) of readers according to any one of claims 17 and
18 connected to a  synchronization circuit (20) according to any one of
claims 14 to 16 and managed by  a microprocessor-based central control unit
(18). 20 20. System of contactless radio-frequency read/write reader (10)
of chips  (15a, 15b, 15c) incorporating an electronic microcircuit (16)
adapted to implement  the method according to any one of claims 1 to 13,
characterized in that it includes a  plurality (12) of readers according to
claim 17 using adaptation of the clock signal  and synchronized by the
timebase of a synchronization circuit (20) according to  25 claim 16. 


