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Multiple Access System and Method for Multiple Access
ABSTRACT
Monitoring a slave station's (121,122,123) communication, a

master station (162 stops poiling if no communication, To resume

5 polling, the master station (16> transmits subscription polling in a
certain rate to inguiry in & broadcasting type necessity of polling. A
slave station (12],122,123) that is going to resume polling
responds to this and comprises means to re-transmit in random if &

response of the slave station conflicts other slave station's response.

10 In addition, the master station (11) comprises means to monitor response
conflict conditions and dynamically control the number of times of
subscription polling,
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MULTIPLE ACCESS SYSTEM AND

METHOD FOR MULTIPLE ACCESS

BACKGROUND OF THE INVENTION

This invention relates to a multiple access communication
system for communication between a master station and a
slave station and, more particularly, to the one for
accommodating a plurality of slave stations.

A media sharing network system such as TAN (Local Area
Network), satellite communication system, cable TV or the
like allows a master station to communicate with a
plurality of slave stations bilaterally. The master station
broadcasts signals to all slave stations simultanecusly via
broadcasting channel. While the communication from the
slave station to the master station is done via multiple
access channel time divided among those slave stations. A
polling system has been used as one of methods for
competition contrelling slave stations on the multiple
access channel.

In the polling method, a master station transmits a
control signal called "polling™ signal to each slave
station via the broadcast channel. The polling signal
contains information indicating address of the addressed

slave station and channel allocation amount., Upon receiving

the polling signal addressed thereto, each slave station
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transmits data of channel allocated amount and data of
channel allccated amount required for the next
communication to the master station. Based on the
required channel allocated amgunt, the master station
determines the next channel allocated amount. As
aforementioned, the polling method allows for dynamic
controlling of the channel allocation and efficient use
of the channel.

It has been possible for a conventional method te¢ use
the channel efficiently in case each slave station
transmits data on a regular basis., As the slave stations
are increasingly used, the slave stations transmitting
no data are also increased, Accordingly the polling
signals will be sent to those unrelated slave staticns,
thus deteriorating efficient use of the channel. The
slave station having transmission data has to be kept
waiting until it receives the polling signal. This may
cause the slave station having such data to delay its
transmission.

SUMMARY OF THE INVENTION

It is an object of the present invention to solve the
aforementioned problem, It is another object of the
Present invention to provide an art for improving

efficient use of the channel by contrelling the polling

signal s0 as to be transmitted only to the related slave
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station.

In the present inventien, the_polling signal is
prevented to be transmitted to the incommunicable slave
station based on a judgement made by the master station
or the slave station. When the slave station starts
communicating, the polliing signal is transmitted thereto
again, resulting in efficient transmission of the
pelling signal.

More specifically, in case the master station provided
with a means for stop sending the polling signal to any
of the slave stations receives the signal frem the slave
station requiring to stop transmitting the polling
signal or the master station judges that the slave
station is not communicating, the master station stops
polling. The slave station is provided with a means for
sending a signal requiring to stop polling of the master
station. When the slave station stops communicating, the
master station is controlled to stop polling. The master
station is provided with a means for transmitting an
entry polling for inquiring if the master station is
allowed to start polling to the slave station. The entry
polling signal is transmitted to all the slave stations
on the regular basis. The slave station is provided with

a means for transmitting a signal requiring to start

polling. The slave station which has not received
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polling and is expected to start sending data transmits
the signal requiring to start polling to the entry
polling. The master station is provided with a means for
starting polling. In case one slave station transmits
the signal requiring to start polling to the entry
polling, it starts polling. When a plurality of slave
stations respond to the entry polling simultaneously,
the signals may conflict. To avoid the conflict, the
slave station is provided with a means for generating
random number. In case the signal conflict prevents the
polling from starting, the slave station is controlled
to respond the entry polling at intervals equivalent to
the generated random number. As a result, the signal
conflict can be prevented. If the signal conflict occurs
again, retransmission will be executed based on the
random number, Each of the above means coworks to stop
or start polling to each slave station dynamically,
resulting in reducing the polling signals sent to
unrelated slave stations.

In case of connectionless data communication, the
master station is provided with a means for monitoring
the channel amount required by the slave station in the
past according to the polling and a means for stopping

polling to the slave station which has been keeping its

required channel amount "0" for a predetermined time
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length.

In case of connection data communication, the slave
station is provided with a means for monitoring the
number of connection which has been always used and the
master station is provided with z means for transmitting
a signal requiring to stop polling in case the number of
connection becomes 0.

In addition, the multiple access system of the present
invention, wherein the subscription polling control
means comprises: means for measuring the probability of
success representing that polling resume request
transmitted from a slave station responding to the
subscription polling is normally received; means for
measuring the probability of conflict representing that
a plurality of polling resume requests transmitted from
slave stations for the subscripricn polling conflict
each other; means for calculating a traffic amount by
adding the probability of success to doubled the
preobability of conflict; means for reducing average
number of the subscription polling when the probability
of success is not more than a first threshold value and
the traffic amount is not more than a second threshold
value; and means for increasing average number of the
subscription polling when the probability of success is

not more than the first threshold value and the traffic




amount 1is not less than a third threshold value.

As a result, the success of requirement to start the
entry polling has been kept the highest rate, reducing
unnecessary entry polling.

BRIEF DESCRIPTION OF THE DRAWINGS

This and cother objects, features and advantages of the
present invention will become more apparent upon a
reading of the following detailed description and
drawings, in which:

Fig. 1 is a block diagram of the configuration of the
multiple access communicaticn system of a first
embodiment and a second embodiment of the present
invention;

Fig. 2 is a block diagram representing a normal
communication sequence of the multiple access
communication system of the first embodiment and the
second embodiment of the present invention:

Fig. 3 is a figure for representing the sequence of
the master station to stop polling in the multiple
access communication system of the first embodiment of
the present invention;

Fig. 4 is a figure for representing the sequence for
stopping polling upon the request from the slzave station
in the multiple access communication system of the first

embodiment and the second embodiment of the present
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invention;

Fig. 5 is a figure for representing the sequence for
starting polling in the multiple access communication
system of the first embodiment and the second embodiment
of the present invention;

Fig. 6 is a figure for representing a format of the
signal transmitted from the master station to the slave
station via a broadcasting type channel in the multiple
access communication system of the first embodiment and
the second embodiment of the present invention;

Fig. 7 is a figure for representing a format of the
signal transmitted from the slave station to the master
station via a multiple access type channel in the
multiple access communication system of the first
embodiment. and the second embodiment ¢f the present
invention;

Fig. 8 is a block diagram showing a general
construction of the master station of the first
embodiment and the second embodiment of the present
invention;

Fig. 9 is a block diagram showing in detail the
construction of the transmission circuit of the master
station of the first embodiment and the second
embodiment. of the present invention;

Fig. 10 is a block diagram showing in detail the
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construction of the subscription interpolation circuit
cof the master station of the first embodiment and the
second embodiment of the present invention;

Fig. 11 is a block diagram showing in detail the
construction of the transmission address table of the
master station of the first embodiment and the second
embodiment of the present invention;

Fig. 12 is a block diagram showing in detail the
construction of the polling table of the master station
of the first embodiment and the second embodiment of the
present invention;

Fig. 13 is a block diagram showing in detail the
construction of the reception address table of the
master station of the first embodiment and theé second
embodiment of the present invention;

Fig. 14 is a block diagram showing in detail the
construction of the reception circuit of the master
station of the first embediment and the second
embodiment of the present invention;

Fig. 15 1s a block diagram showing in detail the
construction of the polling registration deletion
circuit of the master station of the first embodiment of
the present invention;

Fig. 16 is a block diagram showing in detail the

construction of the subscription pelling interval
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contrel circuit of the master staticn of the first

embodiment and the second embodiment of the present
invention;

Fig. 17 is a block diagram showing a general
construction of the slave station of the first
embodiment and the second embodiment of the present
invention;

Fig. 18 is a bleck diagram showing in detail the
construction of the reception circuit of the slave
station of the first embodiment and the second
embodiment of the present invention;

Fig. 1% is a block diagram showing details of the
response contreol circuit of the sliave station of the
first embodiment of the present invention;

Fig. 20 is a block diagram showing in detail the
construction of the transmission circuit of the slave
station of the fi;st embodiment and the second
embodiment of the present invention;

Fig. 21 is a block diagram showing details of the
polling registration deletion circuit of the second
empodiment of the present invention;

Fig. 22 is a block diagram showing details of the
response contrel circuit of the slave station of the
second embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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First detailed explanations common to a first
embodiment and a second embodiment below are described.

Fig. 1 is a schematic view showing a construction of
the system which works based on the multiple access
communication method The system comprises an exchange
15, an access control unit for master station 16, a
plurality of access control units for slave station 171-
3 and a plurality of terminals 181-3. Although this
embodiment uses 3 slave stations, the number of those
élave stations is not restricted but set to any desired
number. A signal transmitted from a master station 11 is
broadcasted to all the slave stations 121-3 via
broadcasting type channel 13. The signal transmitted
from each slave staticn is multiplexed on a timing axis
and transferred to the master station,

Fig. 2 shows an algorithm for the data transfer
between the master station 21 and the slave stations 221-
3. The master station 21 transmits a signal called
"polling" via the broadcast channel. The polling signal
contains information indicating the address of the
addressed slave station and channel allocation amount of
the slave station. All the slave stations receive the
polling signal. The slave station with its address
conforming to that contained in the polling signal is

allowed to transmit the data equivalent to the channel
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allocation amount. This slave station also transmits the

information of the required channel amount for the next
allocation. After transmitting a polling signal,.the
master station transmits the data equivalent to the
channel allocated amount which has been allocated to the
slave station. Then the master station transmits the
next polling signal. The masteér staticn repeats the same
processes until all the slave stations receive the
pelling signal. Figure 2 shows that the poliing signal
231~3 is transmitted to the slave station 1, slave
station 2 and slave station 3. Each of the slave
stations 1, 2 and 3 sends band width information for
data and request 241-3 tobth@ master station. Completing
the polling to all the slave stations, the master
station transmits a polling signal to the first slave
station, i.e., polling signal 251-3 again. The channel
allocated amount is determined based on the channel
required amount of the last allocation.

Fig. 3 shows an algorithm for stopping polling
according to the master station's Jjudgement. The master
station inspects the channel required amount of each
slave station. The master station stops pelling to the
slave station which has sent the requirements less than
a predetermined times. In Fig. 3, the slave station 2

sends 244, 264 and 284 3 times successively, all of which
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indicate the channel required amcunt of 0. As a result,
the master station stops polling to the slave station 2.
The number of sending the response signals indicating no
requirement is not restricted "3" but set to any desired
number.

Fig., 4 shows an algorithm for steopping polling
according to the slave station's requirement. When
detecting a certain state such as a halt of the
terminal, the slave station transmits the signal
requiring to stop polling together with the data to the
polling signal from the master station. Upen receiving
the signal requiring to stop polling from the slave
station, the master station stops polling to the slave
station. In Fig. 4, the slave station 2 transmits the
polling stop request 245 to the master station. The
master station then stops peolling to the slave station
2. '

Fig. 5 shows an algorithm for starting polling.
Transmitting normal polling signals predetermined times,
the master station tranpsmits an subscripticn polling
signal in order to make sure the polling can be started
again. The subscription polling signal with its address
not designated for the specific slave station but for
all the slave stations. This address is called as a

"broadcast address™. Receiving the subscription polling
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signal, the slave statien to which the polling signal is
not transmitted sends a polling start request signal to
the master station. As a plurality of slave stations
respond to the subscription peolling simultanecusly, the
respective polling start request signals may conflict
cone another. In the above case, the slave station is
controlled to be retarded to respond to the subscription
polling at intervals egquivalent to the random number
generated thereby. As a result, the successive signal
conflict can be prevented. When receiving the peolling
start reguest signal from the slave station correctly,
the master station starts pelling to the slave station.
In Fig. 5, the slave station 2 and slave station 3 have
not received pelling signals. They transmit polling
start requests 351 and 352 simultanecusly to the
subscription polling 34, resulting in signal conflict.
The slave stations 2 and slave stations 3 generate
random numbers 2 and 3, respectively. Then the slave
station 2 transmits a pclling start request 382 not to
the succeeding subscription polling 36 but to the second
subscription polling signal 37. Receiving the polling
start request, the master station starts poling to the
slave station 2. The slave statioﬁ 3 similarly transmits
a polling start request 413 to the third subscription

polling 39 after skipping two subscription polling
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signals, Then the polling is finally started,

Fig. 6 shows a format of the signal transmitted from
the master station 11 to all the slave stations 121-3 via
a brcadcast;ng type channel 13. A slot with fixed length
is repeatedly transmitted from the master station to the
salve station. The slash mark represents the slot for
sending protocol control information of the polling.
This slot is hereinafter called as a control slot 42.
The rest of the slots are used for data transfer, which
are called as "data slot" 43, Constructions of the
control slot 42 and the data slot 43 are explained.
Control/data information 44 are attached to the head of
the control siot 42 and the data slot 43, respectively
to identify the slot type. The other part of the control
slot is formed of an address 45 for designating the
addressed slave station, number of allocated slot 46 and
an error de tection code 47 for detecting an error in
the address and allocated slot number. As the error
detecticen code, the cyclic redundancy check (CRC) is
used. The other part of the data slot is used as the
payload 48.

Fig. 7 shows a format of a signal transmitted from the
glave stations 121-3 te the master station 11 via the
multiple access type channel 14. This signal is obtained

from time division multiplexing the burst signal
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intermittently sent from the first to the third slave
stations. The burst signal sent from each slave station
is formed of at least one slots. The head slot transfers
the infermation such as the required slot number, which
is called as a control slot 51, The rest of the slots
succeading the control slot are used for the data
transfer, which are called as data slots 52. The control
slot is formed of the information shown in Fig. 7. The
guard time 53 is a non signal section defined between
one signal and another for avoiding the burst signal
conflicts on the multiple access channel. A preamble 54
is a code taking two values of "0" and "1" repeatedly
and alternately for clock regeneration by the master
station. A sync. term 55 is a specific cede for
detecting a position of the burst signal. A control code
57 is set to a specific code in case the slave station
requires to stop polling. The number of requested slot
58 contains information indicating the number of slot
transmitted in the next polling, which is requested by
the slave station. The CRC 59 is used for detecting a
bit error of the control code and required slot number.
The cyclic redundancy check (CRC) is used as the error
detection code 59.

The first embodiment is described referring to the

drawing. The first embodiment relates to the



connectionless data communication.

Fig. 8 shows a construction of the master station of
the multiple access communicaticn system as shown in
Fig. 1. The master station comprises an exchange 15 and
5 an access control unit for a master station 16. The

access control unit for a master station 16 comprises a
transmission circuit 101 for transmitting signals to a
broadcasting type channel 13, a reception circuit 102
for receiving signals from a multiple access type

10 channel 14, a polling table 103 for storing information
of the allocated slot number and the required slot
number in the past, a transmission address table 104 for
registering the address of the slave station to which
the polling is transmitted and a reception address table

15 105 for registering the expected reception time, It
further comprises a subscription pelling interpclation
circuit 106 for interpclating the subscription polling
signal, a polling registration deletion circuit 107 for
registering and deleting the polling signal and a

20 subscription polling interval control circuit 108 for
controlling an interval between one subscription polling
signal and another. The circuit construction and

operation of each section is described below.

Fig. 9 shows a construction of the transmission

circuit 101 as shown in Fig. 7. A control/data selection
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circuit 11l generates a control/data signal 201 which
designates the slot to either the control slet 42 or the
data slot 43. The control/data signal 201 is input to a
control slot generation circuit 113, a data slot
generation circuit 114 and an subscription polling
insert circuit 106 described in detail as below. When
the control/data signal 201 is set to the control slot,
the contreol slot generation circuit 113 generates the
control slot 42 as shown in Fig. 6 based on a
transmission address signal 202 and an allocated slot
signal 203 which have been input from the subscription
polling interpclation circuit 106. The generated control
slot 42 is input to a slot multiplexing circuit 115.
When the control/data signal 201 is set to the control
slot, the data slot generation circuit 114 generates the
data slot 43 based on the data supplied from a
transmission data buffer 112. The generated data slot 43
is input to the slot multiplexing circuit 115. The slot
multiplexing circuit 115 multiplexes the input control
slot 42 and data slot 43 and forms a frame as shown in
Fig. 6. The frame is transmitted to the broadcast
channel 13. The allocated slot signal 203 is input to
the control/data selection circuit 111. The control/data
selection circuit 111 set the control/data selection

signal to the data slot just before the count reaches
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"0". When the count becomes "0", the control/data

selection signal is set to the control slot.

Fig. 10 shows a construction of the subscription
polling insert circuit 106 shown in Fig. 8 in detail.
This circuit controls te transmit the subscription
pelling at every intervals of predetermined times of
regular pelling transmissions. A contr&l/data signal 201
of the transmission c¢circuit 101 is input to a
subscription peolling interval counter 121 and a first
selection circuit 122. A subscription polling interval
counter 121 increments the count by 1 when the
control/data signal 201 is set to the céntrol slot., If
the counter value conforms to a subscription polling
interval signal 20¢ input from the subscription polling
interval control circuit 108, a first selection signal
126 is set as the subscription polling and the counter
value is cleared to "0". While in cases other than the
aforementioned, the first selection signal 126 is set as
the normal peolling. The first selection signal 126 is
input to the first selection circuit 122 and the second
selection circuit 123, If the control/data signal 201 is
set as the control slot and the first selection signal
126 is set as the regular polling, the first selection
circuit 122 inputs a transmission trigger signal 205 to

the transmission address table 104. A second selection




¢lrcuit 123 receives a first selection signal 126 and an
address invalid signal 206 from the transmission address
table 104. The address nullifying signal 206 notifies
whether a transmission reservation address signal 207
output by the transmission address table 104 is invalid
or not. If the first selection signal 126 is set as the
reqular polling and the addréss nullifying signal 206 is
determined not to be null, the second selection circuit
123 sets the second selection signal 127 as the regular
polling. In cases other than the aforementioned, the
second selection signal 127 is set as the subscription
pelling. If the input second selection signal 127 is the
regular polling, the transmission address cutput circuit
124 outputs the transmission reservation address signal
207 input frem the transmissicn address table 104 as a
transmission adress signal 202. If the input second
selection signal 127 is the subscription polling, it
cutputs the broadcasting address as a transmission
address gignal 202. If the input second selection signal
127 is the regular pelling, an allocation slot number
output circuit 125 outputs number of allocated
reservation slots signal 208 input from the pclling
table 103 as the allocated slot number signal 203, If
the second selecticn signal 127 is the subscription

polling, it outputs "0".




Fig. 11 shows a construction of the transmission

address table 104 shown in Fig. 8 in detail. The
transmission address table 104 stores addresses of the
slave stations to which polling signals are transmitted.
It selectsrthe address of the slave station at every
polling transmission and stores the address of the slave
station sending the signal thereto. First the section
relating to the transmission operation is described
below. The section relating to the reception operation
is described later.

A memory 131 contains the list of transmission
addresses in order of transmission. Upcn receiving an
input of a transmission trigger signal 205, the memory
131 ocutputs atransmission reservation address signal 207
is output which locates at a point designated by a read
address signal 136 input from a read address generation
circuit 133. An address comparing circuit compares thes
read address signal 136 with a write address signal 135.
If both signals conform with each other, the address
comparing circuit outputs an address nullifying signal
206 indicating that the address is null. Receiving an
input of the transmission trigger signal 205, the read
address generationvcircuit 133 increases the value of
the read address 136 afterrthe transmission reservation

addres signal 207 is output and then points the next
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transmission reservation address signal. When the
present address reaches the last address of the memcry
131, the head of the memory 131 is designated. If the
address nullifying signal input from the address
comparison circuit 134 is set to null, the read address
generation circuit 133 does not change the address.

Fig. 12 shows a construction of the polling table 103
shown in Fig. 8 in detail. This c¢ircuit stores the
required slot number of each slave station and outputs
an expected allocated slot number and an expected
received slot number. It further stores the number of
frequency where the slave station successively sends the
required slot number of "0". The polling table 102
comprises a memeory 137, a first selection circuit 138
and a second selection c¢ircuit 139. First, the secticn
relating to transmission operaticn is described below,
The section relating to reception operation is described
later.

When the subscription polling insert circuit 106
supplies a transmission trigger signal 205 and an
expected transmission regervation address signal 207,
the required slot number is selected among addresses
corresponding to the expected transmission address
signal 207 of the memory 137. The resultant required

slot number is output as a number of allocated




reservation slots signal 208.

Fig. 13 shows a construction of the reception address
table 105 shown in Fig. 8 in detail. This circuit
generates a signal indicating the timing of the burst
signal transmitted from the slave station via the
muitiple access type channel 14 based on the time point
of the polling transmission via the broadcastingn type
channel 13 and an address of the slave station
transmitting the burst signal.

The transmission address and expected reception time
are stored in a memory 141. A write address generation
circuit 142 outputs a write address 147 indicating the
area to which those data are written. The address is
updated to the next write address at every input of a
transmission trigger signal 205.

A time counter 146 measures the elapse of time. For
example, supposing that the counter value is "0" while
transmitting the slot and the time length for
transmitting 5 slots are expressed by the time counter
value of "5". A delay adder circuit 144 outputs an
expected reception time obtained by adding a count value
of the time counter to a predetermined value as th delay
time. For example, supposing that the slct counter value
is "8" at an output of the transmission trigger 205, if

the time length equivalent to "10" slots elapses, the
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delay adder circuit 144 adds "10" to the counter value

"8" and outputs "18" as the expected reception time,

A read address generation circuit 143 cutputs a read
address of the data stored in the memory 141. A time
comparison circuit 145 compares the expected recepticn
time 150 read out from the memory 141 with the counter
value 151 of the time counter 1l46. For example,
supposing that the time counter value is "8", the
expected recepticn time "18" is read out from the
memory. It is then compared with the current count value
of the time counter 146. When the expected reception
time conforms to the current value of the time counter
146, the comparing circuit outputs a reception trigger
signal 215. Receiving an input of the reception trigger
signal 215, the read address generaticn cireuit 145
updates the read address 148 to the next éddress.

At every input of the transmission trigger signal 205,
the reception reservation time signal 1 as numbered 149
and the transmission address signal at that moment are
successively stored in the area provided with the
updated address. Every time when the reception
reservation time signal 2 as numbered 150 is read from
the memory, the reception trigger signal 215 is output
and a reception reservation address signal is read. The

reception trigger signals indicating the timing eof the




burst transmitted from the slave staticn to which the

pelling is sent are generated. The reception trigger and
the reception address are supplied to the reception
circuit 102 and the polling table 103. Upon receiving an
input of the reception trigger signal 215, the polling
table 103 supplies the number of received reservation
slots signal 217 of the slave station corresponding to
the reception reservation address signal 216 to the
reception circuit 102. The polling table 103 then
supplies the number of zero requests 1 as numbered 213
to the polling registration deletion circuit 107.

Fig. 14 shows a construction of the reception circuit
102 shown in Fig. 8 in detail. This circuit receives
each slot through synchronizing burst signals
transmitted on the multiple access type channel 14. A
synchronization circuit 154 for detecting the sync. term
55 shown in Fig. 7 receives inputs of a receptien
address signal 211 transmitted via the multiple access
type channel 14 and the reception trigger signal 215 in
the reception address table 105 shewn in Fig. 13. When
receiving an input of the reception trigger signal 215,
the synchronization circuit 154 starts detecting the
sync. term 55. When detecting the sync. term 55, the

synchronization circuit 154 cutputs a synchronous signal

162. The synchronous signal 162 contributes to
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identification of the time peoint of the burst signal
transmitted from the slave station. When the sync. term
55 is not detected, the burst signal is lost.

The synchronous signal 162 is input to a contrel sleot
latch circuit 156 for holding the control slot and a
slot number counter 155 for counting the number of
arriving data slots. When receiving an input of the
synchronous signal 162, the control slot latch circuit
156 latches the control slot 51 contained in the burst
signal. The information of the latched slot 51 is output
as an address 56, a control code 57 and a number of
requested slots 58, respectively. All bits of the
control slot are input to a CRC check circuit 158. The
CRC check c¢ircuit 158 compares the address 56 of the
control slot 51 shown in Fig. 7 with CRC 59 which has
received the value of the ¢yclic redundancy code based
on the contrel code 57 and the number of requested slots
58. When both signals conform with each other, a normal
reception signal 218 is output. When both signals do not
conform, an abnorﬁal reception signal 219 is output.

A slot number counter 155 receives an input of number
of received reservation slots signal 217 in the polling
table 103, When receiving an input of the synchronous
signal 162, the slot number counter 155 latches the

number of received reservation slots signal 217 and
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decrement the count value at every arrival of the data
slot. The data slot latch circuit 157 latches every data
slot 52 successively transmitted to the centrol slot
until the slot number counter 155 ccounts "0". The slot
latched by the data slot latch circuit 157 is output tg
the exchange 15.

An reception reservation address signal 216 compares a
reception reservation adress signal with a broadcasting
address. When both addresses conform with each other, it
outputs a subscription polling signal indicating the
response to the subscription polling. A stop request
detection circuit 160 checks the received control code.
If the received code 57 is the polling stop request
code, a polling stop request signal is ocutput. The
reception address latch circuit 164 outputs the received
address as a reception address signal 211. The number of
requested slots latch circuit 161 latches the received
number of requested slots 58 and outputs a number of
requested slot signal 212.

Fig. 14 shows a construction of the polling
registration deletion circuit 107 shown in Fig. 9 in
detail. This circuit registers the address of the slave
station to which the polling should be transmitted to
the transmission address table 104, The transmission

address registration is executed only in 4 conditions
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described as below,

(1) Correctly receiving the slave station's responsa to
the reqular polling; no polling stop request sent from
the slave station; and the number of requested slots is
0 or more.

(2) Correctly receiving the slave station's response to
the regular polling; no polling stop request sent from
th slave station; the number of the requested slot
number was 0 in the past or the frequency of abnormal
reception of the slave station's response is n times or
less. The number "n" can be set to any integer.

{3) The response to the regular polling is wrong but the
number of the requested slot number was 0 in the past or
the fréquency of abnormal reception of the slave
staticn's response is n times or less.

{4) Receiving a response from the specific slave station
to the subscription polling.

In case the slave station sends zero requested‘slot
predetermined times or more; or the slave station
generates a polling stop request, such slave station is
not registered to the transmission address table. The
slave station responding to the subscription polling is
registered to the transmission address table,

A zerc request detection circuit 167 and a rnuumber of

zero requests comparisen ¢ircuit 168 are prepared for
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the purpose of judging the above conditions, If the

number of requested slots signal 212 is "0", the zero
request detection circuit 167 outputs a zero request
detection signal 177. A number of zers requests 1 as
numbered 213 output from the polling table‘lOZ is input
to the number cof zero requests comparison circuit 168
and an adder cirguit 169. If the number of zeroc requests
is equal to or more than a predetermined value, the
number of zero requests comparison circuit 168 outputs a
repeated zero request detection signal 178.

Based on the above conditions, a subscription request
decision circuit 170, normal response circuit 171, =zero
request decision circuit 172 and non-response decision
circuit 173 judges the poiling registration. The
subscription request decision circuit 170 judges if a
response to the subscription polling is received. If the
subscription polling signal 220 is input and a normal
reception signal 218 is input, this circuit cutputs a
subscription request signal 179. If the subscription
polling signal 220 is not input, the normal reception
signal 218 is input, no polling stop request signal 221
is received, a zerc request detection signal 177 is
input and the repeated zerc request detection signal is
not received, the zero request decision circuit 172

outputs a zero request signal 181. If the subscriptien
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polling signal 220 is not input, an abnormal reception

signal 219 is input and the repeated zero request
detection signal 178 is not input, the non-response
decision circuit 173 outputs a non-response signal 182,
If one of the subscription request signal 179, normal
response signal 180, zero request signal 181 and non-
response signal 182 is output, a registration signal
generation ¢ircuit outputs a reception data preservation
signal 210. If either the subscription request signal
175 or the normal response signal 180 is output, the
Cclear/addition decision circuit 175 sets the
clear/addition selection signal to the clear, If either
the zero request signal 181 or the non-response signal
182 is output, it sets the clear/addition selection
signal to addition. The adder circuit 169 outputs the
value obtained by adding 1 to the number of zero
requests 1 as numbered 213. If the clear/addition
selection signal 183 is set to clear, the selection
circuit 176 outputs "0" as the number of zero requests 2
as numbered 214. While if the clear/addition selection
signal 183 is set to addition, the selecticn circuit 176
outputs the value input from the adder circuit 169 as
the number of zerc requests 2 as numbered 214. Supposing
that the number of zero requests 2 as numbered 214 is

stored in the polling table 103, if the number of
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requested slot is not "0" or newly registered resulted

from the subscription polling, the zero request signal

is set to "0". In case of zero request or non-response,
the value pbtained by adding 1 theretc is stored.

5 The reception data preservation signal 210 is input to
the polling table 103 and the transmission address table
104, When receiving an input ¢f the reception data
preservation signal 210, the polling table 103 preserves
the number of requested slots signal 212 and the number

10 of zero requests 2 as numbered 214 at a point indicated
with the reception address signal 211 in the memcry 137,

When receiving an input of the reception data

preservation signal 210, the transmission address table
104 preserves the reception address signal 211 for the

15 next polling. When receiving an input of the reception

data preservation signal 210, the memory 131 preserves

-
s seed

the reception address signal 211 at a point designated

by the write address signal 135 input from the write

-
.

»
*

address generation circuit 1 as numbered 132. This

-
FE
-

20 address is taken out as the transmission reservation
address signal 207 at transmission as described before.
When receiving an input of the reception data
preservation signal 210, the write address generation
circuit 1 as numbered 132 increases the value of the

write address signal 135 after preserving the reception
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address signal 211 and points the location where the

reception address should be written in the next time. If
the current write address reaches the last address of
the memory 131, the head ¢f the memery 131 is
designated.

The address of the slave. station registered in the
transmission address table 104 is deleted during the
polling transmission. The address is registered again at
reception of the burst from the slave station. At this
time, the polling registration deletion circuit 107
judges whether or not the address is registered in the
transmission address table. The polling judged as
unnecessary is deleted. The subscription polling
interpolation circuit 106 interpolates the subscription
pelling between the normal pollings on a regular basis.
If the response to the subscription polling is received,
the polliing registration deletion circuit 107 registers
the slave station sending the response to the
transmission address table and starts polling.

Finally the deseription is given with respect to the
operation of the subscription polling interval control
¢ircuit 108 for defining the interval of the
subscription polling. Fig. 16 is a construction of the
subscription polling interval control circuit 108 shown

in Fig. 8 in detail. This circuit controls the interval
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of the subscription polling so that the slave station
succeeds in responding to the subscription polling to
the highest degree. The subscription polling counter 198
increments 1 at every input of the subscription polling
signal 220 and counts the number of subscription polling
transmitted so far. When receiving inputs of the
subscription pelling signal 220 and the conflict
detection signal 224 simultaneously, the conflict number
counter 185 increments the count value and counts the
number of conflicts against the subscription polling., A
traffic calculation circuit adds the value two times the
count value of the conflict number counter to the count
value of the normal reception number counter 184. The
resultant value is considered as the total number of the
response to the subscription polling and cutput as the
traffic amount signal 19%5. The first judgement circuit
calculates the ratio of the count value of the normal
reception number counter 184 to that of the subscription
polling counter 198. If the calculated value is equal to
or less than the thresheld value, a throughput drop
signal 194 is ocutput. If the throughput drop signal 154
is input, the second judgement ciréuit calculates the
ratic of the value of the traffic amount signal 195 to
the count value of the subscription polling counter 198.

If the calculated value is equal to or more than a
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predetermined threshold value, the second judgement
circuit outputs the traffic increase signal 136
indicating larger amount of traffic compared with the
number of the subscription peolling. If the throughput
drop signal 194 is input, the third judgement circuit
calculates the ratio of the value of the traffic amount
signal 195 to the count value of the subscription
polling counter 198. If the calculated value is equal to
or less than a predetermined threshold value, the third
judgement circuit outputs a traffic decrease signal 197
indicating smaller amount of traffic compared with the
number of the subscription polling.

A subscription pelling interval register 193 keeps the
interval for transmitting the subscription polling and
outputs a subscription pcolling interval signal 20S. The
addition circuit 190 outputs a value obtained by adding
a fixed value to the value of the subscription polling
interval. A subtraction circuit 191 likewise outputs a
value obtained by subtracting a fixed value from the
value of the subscription pelling interval. If the
traffic increase signal is input, the selection circuit
selects the output value of the addition circuit 190 and
preserves it as a new subscription polling interval in
the subscription peolling interval register 193. On the

contrary if the traffic decrease signal 197 is input,
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the selection circuit sgelects the output wvalue of the

subtraction circuit 191 and preserves it as a new
subscription polling interval in the subscription
polling interval register 193.

Next, the description is given with respect to the
operation of the slave station in the first embodiment
according to the present invention.

Fig. 17 shows a schematic view of a construction of
the slave station in the multiple access communication
system shown in Fig. 1. The slave station 12 comprises
an access control unit for slave station 17 and a
terminal 18. The access control unit for slave station
17 is provided with a reception circuit 301 for
receiving a signal from the broadcasting type channel 13
and a transmission circuit 302 for transmitting a signal
te the multiple access type channel 14. The response
control circuit 303 sets the polling stop request and
controls the response to the subscription polling.

Fig. 18 shows a construction of the reception circuit
301 shown in Fig. 17 in detail. This circuit executes
reqular polling from the broadcasting type channel 13
received by the slave station and reception of the
subscription poliing. A reception signal 401 transmitted
via the broadcasting type channel 13 is input to the

synchronization circuit 304, control/data discrimination
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circuit 305, control slot latch circuit 306 and data
slot latch circuit 307. The synchronization circuit 304
detects the location of the slot in accordance with the
reception signal 401 and outputs a synchronous signal
312 indicating the head point of the slot. The
control/data discrimination circuit 305 checks the
control/data information 44 within the slot shown in
Fig. 6 which has bheen transmitted based on the
synchronous signal 312 and outputs the control/data
discrimination signal 313. If the control/data signal
313 indicates the control siot, the control slot latch
circuit 306 latches the transmitted slot. If the
control/data signal 313 indicates the data slot, the
data slot latch circuit 307 latches the transmitted
slot. The CRC check circuit 308 obtains CRC by
calculating the address 45 of the contrql slot latched
by the control slot latch circuit and the number of the
allocated slot 46, The resultant CRC is compared with
the CRC 47 of the control slot. If both values c¢onform
with each other, a normal reception signal 315 is
output. When receiving an input of the normal reception
signal 315, an own station polling detection circuit 309
compares the received address information 45 with the
broadcasting address. If both addresses conform with

each other, a subscription polling reception signal is
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output . When receiving an input of the own station
polling reception signal 402 or a subscription polling
reception signal 403, the number of alleccated slots
latch circuit 311 latches the number of allecated slots
46 within the received control slot and outputs the
number of allocated slots signal 404.

Fig. 19 shows a construction of the response contreol
circuit 303 shown in Fig. 17 in detail. This circuit
contrels the response to the subscription polling and
transmission of the polling stop request signal. A time
counter 317 is a circuit indicating the time elapsed
from the reception of the last polling to the own
station. It is reset upon receiving an input of the own
station polling .reception signal 402. The random numbers
generation circuit 318 generates the random numbers
ranging from 1 t¢o a predetermined number. The random
numbers counter 319 down counts the random number set by
the random numbers generation circuit 318 at every input
of the subscription polling reception signal 403. If the
count value of the time counter 317 reaches a
predetermined value or more, the polling start decision
circuit 320 determines that the polling is stopped. At
this time, the polling start decision circuit 320
determines data generation if the number of requested

slots signal 411 exceeds "0". When the count value of
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the random numbers counter beccmes "0" and the

subscription polling reception signal 403 is input, the
polling start request signal 324 is output. When
receiving an input of the polling start request signal
324, the random numbers generation circuit 318 generates
a new random number, which is set to the random numbers
counter 319. This sets the frequency of re-transmission
in case signals conflict. If the time counter is equal
to or less than a predetermined wvalue, the polling start
decision circuit 320 determines that the peolling is
received and generates no polling start request signal
324, If the number of requested slots signal 411 is "0v,
it is determined to have no data and generates no
polling start reqguest signal 324, The polling start
request signal 324 is not generated until the count
value of the random numbers counter 319 reaches "Q",.

When receiving an input of an own station polling
reception signal 402, the polling stop decision circnit
316 outputs the polling stop request signal 326 as far
as the terminal stop signal 408 has beén input from the
terminal. When receiving an input of the polling stop
request signal 326, the control code generation circuit
325 sets the control code to the polling stop request.
When receiving an input of the own station polling

reception signal 402 or the polling start request signal
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324, the transmission trigger generatiocon circuit
generates the data slot signal.

Fig. 20 shows a construction of the transmission
circuit 302 shown in Fig. 17 in detail. This circuit
generates and transmits the control slot and data slot.
A transmission data buffer 331 executes buffering of the
data input from the terminal. A number of requested
slots calculation circuit 332 counts the data amount
within the data buffer by unit of slot. When receiving
an input of the transmission trigger signal 406, the
control slot generation circuit 330 generates the
control slot 51 shown in Fig. 7 according to the input
control code signal 407 and the number of requested
slots signal 411 input from the number ¢f requested slot
calculation circuit, which is input to the slot
multiplexing circuit 335. When receiving an input of the
transmission trigger signal, the allccated slot number
countei 333 latches the number of allocated slots signal
404 and down counts the resultant value. The data slot
generation circuit 334 generates data slots 52 shown in
Fig. 7 successively until the value kept by the
allocated slot number counter reaches "0". The generated
data slot is input to the slot multiplexing ¢ircuit 410.
The slot multiplexing circuit 410 multiplexzes the input

control slot 51 and the data slot 52.

The resultant
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signal is transmitted as the burst signal to the

multiple access type channel 14.

Next, the second embodiment is described referring to
the drawings. The second embodiment relates to the
connection type data communication. The operation of the
second embodiment is almost the same except different
points as described below. The master station uses the
construction as the polling registration deletion
circuit shown in Fig. 21 instead of using the
construction shown in Fig. 15. When processing the
connection type data, the polling is not stopped by the
determination of the master station. When receiving
inputs of the normal reception signal 218 and the
subseription polling signal 220, the subscription
request decision circuilt generates the subscription
request signal 179. When receiving an input of the
normal reception signal 218 and no inputs of the polling
Stop request signai 220 nor the polling stop request
signal 221, the normal response circuit 171 generates
the normal response signal 180. When receiving an input
of the subscription raquest signal 179 or the normal
response signal 180, the registration signal generation
circuit outputs the reception data preservation signal
210.

While the slave station uses the response control
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circuit having a construction shown in Fig. 22 instead
of that shown in Fig. 19. The number of connection
register circuit retains the number of the connection in
use during the current communication. At every input of
the connection establish signal 420, the value 1 is
added to the retained value. At every input of the
connection complete signal 421, the value 1 is
subtracted from the retained value. The calculated value
is cutput as the number of connection signal 351. The
connection signal 351 is input to the polling start
decision circuit 320 in ﬁlace of the number of requested
slots signal 411 shown in Fig. 15. It is further input
to the polling stop decision circuit 316 in place of the
terminal stop signal 408. If the number of connection
signal 351 is equal to or more than 1, the polling start
decision circuit 320 determines the data generation and
tries to respond to the subscription pelling. At this
time, the operation to the polling non-received time 322
and the counter value of the random counter is the same
as that of the circuit shown in Fig. 19. When the number
of connection signal 351 becomes "0", the polling stop
decision circuit 316 outputs the polling stop request
signal 326.

Being used in the multiple access system according to

the polling method, the present invention improves




efficient use of the channel and minimizes the delay of

the time during the transmission of the slave station.

The present invention further optimizes the number of

the subscribing polling for re-starting the pelling,
thus deleting unnecessary subscribing polling as well as

realizing efficient use of the channel,
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The claims defining the invention are as follows:

1 A multiple access system having a master station, at
least one slave station, a broadcasting channel for
transmitting a signal from said master station to said

S slave station and a multiple access channel for
broadcasting a signal from said slave channel to said
master station in which said master statien communicates
with said slave station based on polling system, wherein

said master station comprises:

10 polling stop means for detecting whether a
slave station is in communication and
. . stopping polling for a slave station not
k‘if to be in communication;
.L:% subscription polling transmission means for
:T'é 15 transmitting broadcasting type
gj.b subscription polling; and
T polling resume means for resuming polling for
:3;{ a slave station that has responded
é:us Lo said subscription polling; and

‘:".E 20

said slave station comprises:
polling request means for Lransmitting polling
Tesume request to said master station,
responding to sald subscription polling,
2 The multiple access system of claim 1, wherein said

slave station further comprises means for determining




subscription polling for response based on random

numbers when response signal confliet occurs due to a
plurality of slave station's simultaneous résponse to
subscription polling.
3 The multiple access system of claim 1, where a data
transmission type between said master station and said
slave station is of connectionless type, wherein said
polling stop means cbmprises:
means for monitoring request band width of said
slave station; and
means for stopping polling for a slave station of
which request band width is zero in a certain
period.
4 The multiple access system of claim 1, wherein said
subscription polling transmission means comprises
subscription polling control means for controlling
transmission interval of said subscription polling so as
the probability of success of response of a slave
station for said subscription polling becomes large.
5 The multiple access system of claim 4, wherein said
subscription polling control means comprises:
means for measuring the probability of success
representing that polling resume request
transmitted from a slave station responding to

said subscription polling is normally received;



means for measuring the probability of conflict

representing that a plurality of pelling resume
requests transmitted from slave stations for
said subscription polliing conflict each other;
5 means for calculating a traffic amount by adding
said probability éf success to doubled said
probability of conflict;
means for reducing average number of said
subscription polling when said probability of
10 ' success is not more than a first threshold
value and said traffic amount is not more than
a second thresheld value; and
means for increasing average number of said
subscription polling when said probability of
15 success is not more than sgid first threshold

value and said traffic amount is not less than

a third threshold value.

5 :E 6 2 multiple access system haviné a master station, at
Bl least one slave station, a breadcasting channel for
' 20 transmitting a signal from said master station to said
ff?: slave station and a multiple access channel for
ift: broadcasting a signal from said slave channel to said

. master station in which said master station communicates
.u_; with said slave station based on polling system, wherein
Tt 25 said master station comprises:
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polling stop means for stopping pelling for =
slave statlicn that has requested to stop
polling;
subscription polling transmission means for
transmitting broadcasting type
subscription poelling; and
polling resume means for resuming polling for
a slave station that has responded
to said subscription polling; and
said slave station comprises:
polling stop request means for requesting said
master station to stop polling; and
polling request means for transmitting pelling
resume request to said master station,
responding to said subscription polling.
7 The multiple access system of claim 6, wherein said
slave station further comprises means for determining
subscription polling for response based on random
numbers when response signal conflict occurs due to a
plurality of slave station's simultaneous response to
subscription polling. l
8 The multiple access system of claim 6, where a data
transmission type between sald master station and said

slave station is of connection type, wherein said

polling stop request means comprises means for



requesting to stop polling for said master station when
number of connection has become zero.
9 The multiple access system of claim 6, wherein said
éubscription polling transmission means comprises

5 subscription polling control means for controlling

transmission interwval of said subscription pelling so as
the preobability of success of response of a slave
station for said subscription polling becomes large.
10 The multiple access gystem of claim 9, wherein said

10 subscription polling control means comprises:

means for measuring the probability of success
representing that polling resume request
transmitted from a slave station for said
subscription polling is normally received;

15 means for measuring the probability of conflict
representing that a plurality of polling resume
requests transmitted from slave stations for
said subscription polling conflict each other;

means for calculating a traffic amount by adding

20 said probability of success to doubled said

probability of conflict;

means for reducing average number of said

subscription polling when said probability of
success is not more than a first thresheld

value and said traffic amount is not more than
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a second threshold value; and
means for increasing average number of said
subscription polling when said probability of
success is not more than a First threshold
S ' value and said traffic amount is not less than
a third threshold value.
11 A method for multiple access in a multiple access
system conducting communication between a master station
and at least one slave station, said method comprising:
1¢ 4 polling stop step of, where said master staticn
detects whether each slave station
communicates, stopping polling for a slave
station when said slave staticn does not
communicate;

13 a subscription polling transmission step of
transmitting breoadcasting type subsaription
polling by said master station;

a polling regquest step of transmitting polling
resume request Lo said master station by said

20 slave station that has been stopped polling,
regponding to said subscription polling; and

a polling resume step of resuming polling for a
slave station that has responded to said
subscription polling by said master station.

The method for multiple access of claim 11, wherein
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said polling request step comprises step of determining

subscription polling for response based on random
numbers when a response signal conflict occurs due to a
plurality of slave station's simultaneous response to
subscription polling.
13 The method for multiple access of claim 11, where a
data transmission type between said master station and
said slave station is of connectionless type, wherein
said polling st&p.step comprises:
a step of monitoring request band wid£h of said
slave station; and
a step of stopping polling for a slave station of
which request band width is zero in a certain
period.
14 The method for multiple access of c¢laim 11, wherein
said subscription polling transmission step comprises
subscription polling control stop of controlling
transmission interval of said subscription pelling s0 as
the probability of successg of response of a slave
station for said subscription polling becomes large.
15 The method for multiple access of claim 14, wherein
said subscripticn polling control step comprises:
a step of measuring the probability of success
representing that pelling resume request for

said subscription polling is nermally received;



step of measuring the probability of conflict

representing that polling resume requests for
said subscription polling conflict each other;

a step of calculating a traffic amount by adding

5 said probability of success to doubled said
probability of conflict;

a step of reducing average number of said
subscription polling when said ?robability of
success is net mere than a first threshold

10 value and said traffic amount is not more than
a second threshold value; and

a step of increasing average number of said
subscription polling when said probability of
success 1s not more than said first threshoid

15 value and said traffic amount is not less than
a third threshold value.
16 2 method for multiple access in a multiple access
system conducting communication between a master station
and at least one slave station, said method comprising:
20 a polling stop request step of transmitting polling
stop request to said master station by said
slave station;

a polling stop step of stopping polling for a slave

station to which sald master station has

requested pclling stop;
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a subscription polling transmission step of

transmitting broadcasting type subscription
polling by said master station;
a pblling request step of transmitting polling
5 resune request to said master station by said
slave station, responding to said subscription
polling; and
a polling resume step of resuming polling for a
~slave station that has responded to said
10 subscription polling.
17 The method for multiple access of claim 16, wherein
said peclling request step comprises a step of
determining subscription polling for response based on
random numbers when a response signal conflict occurs
15 due to a plurality of slave station's simultaneous
response to subécription polling.
18 The method for multiple access of claim 16, where a
data transmission type between said master station and
said slave station is of connectien type, wherein said
20 polling step request step comprises a step of requesting
to stop polling for said master station when number of
connection has become zero.
19 The method for multiple access of c;aim 16, wherein
said subscription polling transmission step comprises a

subscription polling control step of controlling




transmission interval of said subscription polling so as

the probability of success of response of a slave

station for said subscription polling becomes large.

20 The method for muitiple access of claim 19, wherein
5 said subscription polling control step comprises:

a step of measuring tﬁe probability of success
representing that polling resume request for
sald subscription polling is nermally received;

& step of measuring the probability of conflict

10 representing that a plurality of polling resume

requests for said subscription polling conflict

13
»

.
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each other;
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e a step of calculating a traffic amount by adding

.e
e
s

-
-
.
»
.
e

said probability of success to doubled said
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15 probability of conflict;

s 33
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a step of reducing average number of said
- subscription polling when said probability of
. success is not more than a first threshold
value and said traffic amount is not more than
20 a second threshold value; and
. 55 a step of increasing average number of said
subscription polling when said probability of
success 18 not more than said first threshold

value and said traffic amount is not less than

a third threshold value.



21. A multiple access system substantially as herein described with
reference to Figs. 1-20 or Figs. 1-2, 4-14, 16-18, and 20-22 of the accompanying
drawings.

22. A method for multiple access in a multiple access system, said method

5 being substamtially as herein described with reference to Figs. 1-20 or Figs. 1-2, 4-14, 16-

18. and 20-22 of the accompanying drawings.

Dated 19 October, 1999
10 NEC Corporation
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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