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FIG.10
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FIG.12-1
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FIG.12-2
O
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COMMUNICATION MANAGEMENT
APPARATUS, COMMUNICATION
APPARATUS, AND COMMUNICATION
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of U.S. application Ser.
No. 13/142,239 filed Jun. 24, 2011, which 1s a 371 of PCT

Application No. PCT/JP2008/073639 filed Dec. 25, 2008; the
above-noted applications are incorporated herein by refer-
ence 1n their entirety.

TECHNICAL FIELD

The present invention relates to a communication manage-
ment apparatus, a communication apparatus, and a commu-
nication method for performing communication using a token
frame among communication nodes connected by an Ether-
net.

BACKGROUND ART

In the past, there 1s known a method of controlling, 1n a
local area network i which a plurality of communication
nodes are connected, transmission of data from the commu-
nication nodes using a token passing system for circulating a
token frame that indicates a transmission right (see, for
example, Patent Document 1). In the technology described 1n

Patent Document 1, an allowed transmission data amount,
which 1s an amount of data that can be transmitted while the

token frame 1s circulated 1n a network once, 1s set 1n the token
frame and, when an amount of data that should be transmitted
by a communication node that has acquired the token frame 1s
equal to or smaller than the allowed transmission data amount
set 1n the token frame, after the data 1s transmitted, a token
frame 1n which an amount of data obtained by subtracting the
transmitted amount of data from the allowed transmission
data amount 1s set as a new allowed transmission data amount
1s transmitted to the next communication node. When the
amount of data that should be transmitted 1s larger than the
allowed transmission data amount, the communication node
transmits a token frame in which the allowed transmission
data amount 1s set to 0 to the next node and memorizes that the
allowed transmission data amount 1s set to 0. Even 1f com-
munication nodes having turns of token circulation order after
the turn of this communication node acquire the token frame,
the communication nodes cannot transmit data because the
allowed transmission data amount 1s “0”. Thereafter, when a
management station i1n the network receives the token frame
in which the allowed transmission data amount 1s set to 0, the
management station transmits a token frame in which the
allowed transmission data amount 1s set to “=1”. When the
communication node that sets the allowed transmission data
amount of the token frame received last time to “0” receives
the token frame in which the allowed transmission data
amount 1s set to “-17, the communication node obtains a
transmission right of data, sets the allowed transmaission data
amount to an initial value, and transmits data that could not be
transmitted last time.
Patent Document 1: Japanese Patent No. 3487324

DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

However, in the communication method described 1n
Patent Document 1, when a communication node that
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2

acquires a token frame transmits data, the communication
node calculates an amount of data that should be transmitted

and compare the calculated amount of data that should be
transmitted and an allowed transmission data amount
included in the token frame. Therefore, there 1s a problem 1n
that time 1s required until the communication node transmits
the data after acquiring the token frame.

In the method described in Patent Document 1, for
example, a communication node that has received a token
frame for the nth time but could not transmait data because an
amount ol data that should be transmitted 1s larger than the
allowed transmission data amount can surely transmit data
when the communication node acquires the token frame next
for the (n+1)th time. However, after the reception of the nth
token frame, when data that should be transmitted to this
communication node 1s added anew while the token frame 1s
circulated once, when the communication node acquires the
token frame for the (n+1)th time, an amount of data obtained
by adding the amount of the added data to an amount of data
that should have been transmitted when the token frame has
recetved for the nth time 1s transmitted. Therefore, there 1s
also a problem 1n that, for example, when a communication
node located on a downstream side of the communication
node stores the data that should be transmitted when the token
frame 1s received for the nth time, deviation occurs 1n time
order of data that should be transmitted. As a result, the data
cannot be transmitted among commumnication nodes on
schedule subjected to transmission entry.

The present invention has been devised 1 view of the
above and it 1s an object of the present invention to obtain, 1n
a communication system that circulates a token frame in a
network and performs communication, a communication
management apparatus, a communication apparatus, and a
communication method that can reduce, compared with the
past, time required until a communication node transmaits data
alter acquiring a token frame. It 1s also an object of the present
invention to obtain a communication management apparatus,
a communication apparatus, and a communication method
that can transmit, generally 1n order of generation of data, the
data transmitted by communication nodes included 1n the
communication system.

Means for Solving Problem

In order to solve the alorementioned problems, a commu-
nication management apparatus that manages transmission of
data 1n a network 1n which one communication management
apparatus and one or more communication apparatuses are
connected by an Ethernet cable according to one aspect of the
present nvention 1s constructed in such a manner as to
include: a token-circulation-order storing unit that stores
token circulation order for circulating a token frame 1n the
network; a token-frame recerving unit that determines
whether transmission right acquiring apparatus information
for acquiring a transmission right next in the received token
frame indicates the own apparatus; a token-frame transmiut-
ting unit that transmits the token frame 1n which first trans-
mission right acquisition determination information indicat-
Ing a sequence number ol a communication apparatus that
can acquire the transmission right in the token circulation
order, second transmission right acquisition determination
information mdicating a number of frames that can be trans-
mitted while the token frame circulates once from the own
apparatus, and transmission right acquiring apparatus infor-
mation that indicates a next transmission destination of the
token frame after the own apparatus acquired from the token
circulation order are set; and a data-frame-communication
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processing unit that performs reception processing for data
frames from other communication nodes and, when the trans-

mission right 1s acquired, converts data into a data frame in
frame unit and transmuits the data frame.

!

‘ect of the Invention

[T

According to the present invention, when a communication
node 1n a communication system transmits data, the commu-
nication management apparatus performs first determination
for determining, according to first transmission right acqui-
sition determination information, whether the communica-
tion node 1s a communication node that can transmit data and,
when the communication node can transmit data, causes the
communication node to transmit data within a range of the
number of frames of second transmission right acquisition
determination information. As a result, communication nodes
only have to transmit, in frame unit, data accumulated 1n
transmission buftfers. Therefore, there 1s an effect that it 1s
unnecessary to calculate an amount of data that can be trans-
mitted and 1t 1s possible to reduce, compared with the past,
time required until a communication node transmits data after
acquiring the token frame. There 1s also an effect that, because
transmission 1s carried out 1n transmission entry order, 1t 1s
casy to perform feedback control used 1n a control apparatus.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic diagram of an example of the con-
figuration of a communication system according to a {first
embodiment of the present invention.

FIG. 2-1 1s a schematic block diagram of a functional
configuration of a master station.

FIG. 2-2 1s a schematic block diagram of a functional
configuration of a slave station.

FIG. 3 1s a diagram of an example of a format of a token
frame used 1n the first embodiment.

FIG. 4 1s a schematic diagram of an example of a storage
state of data 1n a transmission buiier.

FIG. 5-1 1s a flowchart for explaining an example of trans-
mission processing at the time of reception of the token frame
in the slave station (first).

FIG. 5-2 15 a flowchart for explaining the example of the
transmission processing at the time of reception of the token
frame 1n the slave station (second).

FIG. 6 1s a flowchart for explaining an example of process-
ing at the time of reception of the token frame 1n the master
station.

FI1G. 7-11s a schematic diagram for explaining an example
of a communication method employing the token frame
according to the first embodiment (first).

FI1G. 7-2 1s a schematic diagram for explaining the example
of the communication method employing the token frame
according to the first embodiment (second).

FI1G. 7-3 1s a schematic diagram for explaining the example
of the communication method employing the token frame
according to the first embodiment (third).

FI1G. 7-4 1s a schematic diagram for explaining the example
of the communication method employing the token frame
according to the first embodiment (fourth).

FI1G. 7-51s a schematic diagram for explaining the example
of the communication method employing the token frame
according to the first embodiment (fifth).

FI1G. 7-6 1s a schematic diagram for explaining the example
of the communication method employing the token frame
according to the first embodiment (sixth).
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4

FIG. 7-7 1s a schematic diagram for explaining the example
of the communication method employing the token frame
according to the first embodiment (seventh).

FIG. 7-8 1s a schematic diagram for explaining the example
of the communication method employing the token frame
according to the first embodiment (eighth).

FIG. 7-9 1s a schematic diagram for explaiming the example
of the communication method employing the token frame
according to the first embodiment (ninth).

FIG. 8 1s a flowchart for explaining an example of process-
ing at the time of reception of a token frame by a master
station.

FIG. 9-1 1s a schematic diagram for explaining an example
of a procedure of a communication method employing the
token frame according to a second embodiment (first).

FI1G.9-2 1s a schematic diagram for explaiming the example
of the procedure of the communication method employing
the token frame according to the second embodiment (sec-
ond).

FIG. 9-3 15 a schematic diagram for explaining the example
of the procedure of the communication method employing
the token frame according to the second embodiment (third).

FIG. 9-4 15 a schematic diagram for explaining the example
of the procedure of the communication method employing
the token frame according to the second embodiment
(fourth).

FIG. 9-5 15 a schematic diagram for explaining the example
of the procedure of the communication method employing
the token frame according to the second embodiment (fifth).

FIG. 9-6 15 a schematic diagram for explaining the example
of the procedure of the communication method employing
the token frame according to the second embodiment (sixth).

FI1G.9-7 1s a schematic diagram for explaiming the example
of the procedure of the communication method employing
the token frame according to the second embodiment (sev-
enth).

FI1G. 9-8 1s a schematic diagram for explaiming the example
of the procedure of the communication method employing
the token frame according to the second embodiment
(e1ghth).

FIG. 10 15 a schematic block diagram of a functional con-

figuration of a master station according to a third embodi-
ment.

FIG. 11 1s a schematic diagram for explaining a relation
among station numbers, sequence numbers, and priority lev-
els of communication nodes included in a communication
system.

FIG. 12-1 1s a flowchart for explaining an example of a
token frame processing procedure ol the master station
according to the third embodiment (first).

FIG. 12-2 15 a flowchart for explaining the example of the
token frame processing procedure of the master station
according to the third embodiment (second).

FIG. 13-1 1s a schematic diagram for explaiming an
example of token frame transmission processing according to
the third embodiment (first).

FIG. 13-2 1s a schematic diagram for explaining the
example of the token frame transmission processing accord-
ing to the third embodiment (second).

FIG. 13-3 1s a schematic diagram for explaining the
example of the token frame transmission processing accord-
ing to the third embodiment (third).

FIG. 13-4 1s a schematic diagram for explaining the
example of the token frame transmission processing accord-
ing to the third embodiment (fourth).
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FIG. 13-5 1s a schematic diagram for explaining the
example of the token frame transmission processing accord-
ing to the third embodiment (fifth).

FIG. 14 1s a diagram of an example of a format of a token
frame used 1n a fourth embodiment.

EXPLANATIONS OF LETTERS OR NUMERALS

11-1, 11-2, 51-1, 51-2 Ports

20, 60 Communication processing units

21 Logical-ring configuring unit

22 'Token-circulation-order-information storing unit

23, 62 Token-frame processing units

24, 63 Data-frame-communication processing units

25, 64 Transmission butfers

26, 65 Reception butfers

27 Changed-destination-information-during-priority-pro-
cessing storing unit

28 Number-of-transmittable-frames “0” setting-station
storing unit

30 Arithmetic processing unit

61 Token-circulation-destination-information storing unit

101 Switching hub

200 Token frame

201 Destination address (DA)

202 Transmission source address (SA)

203 Ethernet type

204 Data

205 Frame type imnformation

206 Transmission right acquiring apparatus information
207 Token repeat counter

208 Transmission permitted station value

2084 Start transmission permitted station value

2085 End transmission permitted station value

209 Number of transmittable frames

210 Number-of-transmittable-frames “0” setting station

BEST MODE(S) FOR CARRYING OUT THE
INVENTION

Preferred embodiments of a communication management
apparatus, a communication apparatus, and a communication
method according to the present invention are explained in
detail below with reference to the accompanying drawings.
The present imnvention is not limited by these embodiments.

First Embodiment

FIG. 1 1s a schematic diagram of an example of the con-
figuration of a communication system according to a {first
embodiment of the present invention. This communication
system 1ncludes a network of the same segment 1n which a
plurality of communication nodes A to C are connected 1n a
star shape by an Ethernet, the same applies 1n the following
explanation) via a switching hub 101. The communication
nodes A to C respectively have ports. The ports of the com-
munication nodes are connected via a cable capable of per-
forming full duplex communication such as a twist pair cable
or an optical fiber. In this example, as the communication
nodes, one master station A as a management station that
manages transmission and reception of data (frames) in the
network of the same segment and two slave stations B and C
that perform transmission of data (frames) based on order of
transmission by the master station A are provided. In this
example, the communication system includes the communi-
cation nodes A to C connected 1n the star shape. However, the
communication system can include communication nodes
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connected 1n another connection form such as a line shape or
a ring shape. Connection forms of the star shape and the line
shape can be mixed.

In the first embodiment, 1n the communication system 1n
which the communication nodes A to C are connected by the
Ethernet, the communication nodes A to C do not freely
perform transmission of data. Instead, a frame for obtaining a
data transmission right called token (a token frame) 1s trans-
mitted 1n order to the communication nodes A to C 1n the
communication system to enable a communication node,
which acquires the token frame, to perform transmission of
data to the other communication nodes. Transmission order of
the token frame 1s as indicated by (1) below.

Master station A—slave station B—slave station
C—master station A

(1)

In this way, the communication system does not have a ring
configuration 1n a physical network configuration. However,
the data transmission right (the token frame) 1s circulated in
order among the communication nodes A to C in the commu-
nication system to return the transmission right to the ring
management station X, whereby the transmission right 1s
repeated 1n a logical ring configuration.

FIG. 2-1 1s a schematic block diagram of a functional
configuration of a master station. The master station includes
two ports 11-1 and 11-2 for connecting an Ethernet cable
between the master station and a communication node (a
slave station) adjacent to the master station or between the
master station and the switching hub 101, a communication
processing unit 20 that performs, for example, transmission
and reception processing for a frame via the ports 11-1 and
11-2 and processing for establishing transmission order of a
token frame, and an arithmetic processing unit 30 that per-
forms arithmetic processing using data from a slave station.

The ports 11-1 and 11-2 include two ports, 1.e., a first port
11-1 and a second port 11-2. At least one of these two ports
11-1 and 11-2 only has to be connected to a port of the slave
station adjacent to the master station (or connected to a port of
a slave station via the switching hub 101).

The communication processing unit 20 includes a logical-
ring configuring unit 21, a token-circulation-order-informa-
tion storing unit 22, a token-frame processing unit 23, a
data-frame-communication processing unit 24, a transmis-
s1on buiter 23, and a reception builer 26.

The logical-ring configuring unit 21 detects, during power-
on of the master station or at every predetermined time, a
communication node (a slave station) present 1n a network of
the same segment as the master station and performs logical
ring configuration processing for determimng token circula-
tion order information that 1s order for feeding (passing) a
token frame, which 1s a data transmission right, from a con-
nection relation between the master station and the commu-
nication nodes. The logical-ring configuring unit 21 notifies
other communication nodes (slave stations) present in the
network of the same segment of token circulation destination
information including a communication node that obtains the
transmission right after the communication node. This token
circulation destination information can be token circulation
order information.

The token-circulation-order-information storing unit 22
stores the token circulation order information determined by
the logical-ring configuring unit 21.

When the logical ring configuration processing by the logi-
cal-ring configuring unit 21 ends, the token-frame processing
unit 23 generates a token frame, performs transmission pro-
cessing for the token frame based on the token circulation
order information, and, when the token frame 1s received,
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determines whether the transmaission right 1s acquired. FIG. 3
1s a diagram of an example of a format of the token frame used
in the first embodiment. A token frame 200 1s an Ethernet
frame and has a destination MAC (Media Access Control)
address (DA) 201, a transmission source MAC address (SA)
202, an Ethernet type (type) 203, a data 204 1n which data of
higher layers 1s stored, and an FCS (Frame Check Sequence)
211 that stores a result of check concerning whether there 1s
an error 1n mformation stored in the DA 201 to the data 204 of
the own frame.

In the first embodiment, frame type information 205, trans-
mission right acquiring apparatus information 206, a token
repeat counter 207, a transmission permitted station value
208, a number of transmittable frames 209, and a number-oi-
transmittable-frames “0” setting station 210 are stored in a
part of the data 204.

Information indicating a type of an Ethernet frame 1s stored
in the frame type information 205. In this case, information
indicating that the frame 1s a token frame 1s stored. A MAC
address of a communication node having a transmission right
1s stored 1n the transmission right acquiring apparatus infor-
mation 206. This transmission right in the transmission right
acquiring apparatus information 206 means a state in which 1t
1s possible to acquire the token frame and acquire the trans-
mission right. The transmission right 1s not a right that makes
it possible to actually perform transmission of data.

The token repeat counter 207 1s a counter that counts a
sequence number counted from the master station 1n a logical
ring of a communication node that recerves the token frame
200. The sequence number corresponds to a token circulation
number in claims. The token repeat counter 207 indicates,
with the master station set as a 0th communication node, in
which position counted from the master station the commu-
nication node indicated by the transmission right acquiring,
apparatus information 206 1s located on the logical ring. For
example, when the communication nodes have the token cir-
culation order of (1) above 1n the configuration shown in FIG.
1. the slave station B 1s a first communication node on the
logical ring and the slave station C 1s a second communication
node on the logical ring.

The transmission permitted station value 208 indicates a
sequence number of a communication node that can transmit
a data frame first among the communication nodes on the
logical ring. This sequence number 1s the same as a value
counted by the token repeat counter 207. The token repeat
counter 207 and the transmission permitted station value 208
configure first transmission right acquisition determination
information of claims.

The number of transmittable frames 209 represents a num-
ber of frames that can be transmitted while the token frame
200 1s transmitted from the master station and circulates once.
The number-of-transmittable-frames “0” setting station 210
indicates a sequence number of a communication node 1n
which the number of transmittable frames 209 is set to “07.
This sequence number 1s the same as a value counted by the
token repeat counter 207.

Reception processing and transmission processing per-
formed when such a token frame 200 1s used are explained
below. When the token-frame processing unit 23 recerves the
token frame 200 transmitted from another communication
node (slave station), the token-frame processing unit 23 com-
pares the transmission right acquiring apparatus information
206 1n the data 204 of the token frame 200 and a MAC address
of the own station. When the transmaission right acquiring
apparatus information 206 and the MAC address of the own
station coincide with each other, the token-frame processing
unit 23 determines that the communication node 1s 1n a state
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in which the communication node can transmit data. When
the own station can transmit a data frame according to the
information stored 1n the data 204, the token-irame process-
ing unit 23 gives an 1nstruction to the data-frame-communi-
cation processing unit 24 to perform transmission processing
for a data frame. However, when the own station cannot
transmit a data frame, the token-frame processing unit 23
determines that the transmission right could not be acquired.
When the transmission right acquiring apparatus information
206 and the MAC address of the own station do not coincide
with each other, the token-irame processing unit 23 deter-
mines that the transmission right 1s not obtained yet. In any
case, the received token frame 200 1s repeated to another port
that 1s not a port where the token frame 200 1s received. The
reception processing from the token frame 200 by the token-
frame processing unit 23 corresponds to token-frame receiv-
ing apparatus of claims.

When the token-frame processing umt 23 receives the
token frame 200 1n which the transmission right acquiring
apparatus information 206 indicates the own station, the
token-frame processing unit 23 sets the transmission right
acquiring apparatus information 206, the token repeat counter
207, the transmission permitted station value 208, and the
number of transmittable frames 209 and transmits the token
frame 200 1n broadcast. The token-frame processing unit 23
sets the token repeat counter 207 to “17, sets the number of
transmittable frames 209 to a predetermined value decided in
advance, and sets, as the transmission right acquiring appa-
ratus information 206, (a MAC address of) a slave station that
obtains, based on the token circulation order information, the
transmission right after the own station.

When the number of transmittable frames 209 at the time of
reception of a token frame 1s not “0”, the token-frame pro-
cessing unit 23 sets “0”, which 1s sequence order of the own
station 1n the logical ring, 1n the transmission permitted sta-
tion value 208. When the number of transmittable frames 209
at the time of reception of a token frame 1s “0”, the token-
frame processing unit 23 sets a value stored in the number-
of-transmittable-frames “0” setting station 210 of the token
frame 200 at the reception point in the transmission permitted
station value 208. The transmission processing for the token
frame 200 by the token-frame processing unit 23 corresponds
to a token-frame transmitting unit 1n claims.

The data-frame-communication processing unmit 24 per-
forms transmission and reception processing for a data frame.
Specifically, the data-frame-communication processing unit
24 also has a function of, when the transmission right is
acquired, converting data accumulated 1n the transmission
builer 25 into a data frame and transmitting the data frame to
a slave station, subjecting a data frame accumulated 1n the
reception butler 26 from the slave station to reception pro-
cessing, and transierring (repeating) a data frame addressed
to another slave station by the slave station.

The transmission buller 25 temporarily stores data frames
calculated by the arithmetic processing unit 30 and transmiut-
ted to the other communication nodes by the data-frame-
communication processing unit 24. The data frames are trans-
mitted 1n order of the storage 1n the transmission buiter 23.

The reception bulfer 26 temporarily stores data frames
from the other communication nodes received 1n the ports
11-1 and 11-2. The reception builer 26 stores data frames
received 1n frame unit and can store only a predetermined
number of frames.

The anthmetic processing unit 30 performs a predeter-
mined arithmetic operation for generating information and
the like at a predetermined cycle for controlling the other
communication nodes using data from the other communica-
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tion nodes subjected to reception processing by the data-
frame-communication processing unit 24. An arithmetic pro-
cessing result 1s transmitted to the other communication
nodes via the data-frame-communication processing unit 24.

FIG. 2-2 1s a schematic block diagram of a functional
configuration of a slave station. The slave station includes two
ports 531-1 and 51-2 for connecting an Ethernet cable between
the slave station and a communication node (a ring manage-
ment station or a slave station) adjacent to the slave station or
between the slave station and the switching hub 101 and a
communication processing unit 60 that performs transmis-
s1on and reception processing for a frame via the ports 51-1
and 51-2.

As 1n the master station, the ports 51-1 and 51-2 include
two ports, 1.e., a first port 51-1 and a second port 51-2. At least
one of these two ports 51-1 and 51-2 only has to be connected
to a communication node.

The communication processing unit 60 includes a token-
circulation-destination-information storing unit 61, a token-
frame processing unit 62, a data-frame-communication pro-
cessing unit 63, a transmission buller 64, and a reception
builer 65.

The token-circulation-destination-information storing unit
61 stores token circulation destination information notified
from the master station. It 1s assumed that only a MAC
address of a communication node that obtains the transmis-
s1on right after the own slave station 1s stored as token circu-
lation destination information.

When the token-frame processing unit 62 receives the
token frame 200 transmitted from another communication
node, the token-frame processing unit 62 compares the trans-
mission right acquiring apparatus information 206 in the data
204 of the token frame 200 and a MAC address of the own
station (slave station). When the transmission right acquiring
apparatus mmformation 206 and the MAC address coincide
with each other, the token-frame processing unit 62 deter-
mines that the slave station 1s 1n a state 1n which the slave
station can perform transmission and compares a value of the
token repeat counter 207 of the recerved token frame 200 and
a value of the transmission permitted station value 208. When
the token repeat counter 207=the transmission permitted sta-
tion value 208, the token-frame processing unit 62 determines
that the transmission right for a data frame has been obtained
within the range of the number of transmittable frames 209.
However, when the number of transmittable frames 209 1s
“0”, the slave station cannot transmit a data frame. On the
other hand, when the token repeat counter 207<the transmis-
s1on permitted station value 208, the token-1frame processing
unit 62 determines that the transmission right for a data frame
has not been obtained. When the transmission right acquiring,
apparatus information 206 and the MAC address of the own
station do not coincide with each other, the token-frame pro-
cessing unit 62 determines that the slave station 1s not 1n the
state 1n which the slave station can perform transmaission. The
processing for receiving a token frame in the token-frame
processing unit 62 corresponds to a token-frame receiving
unit of claims.

The token-frame processing unit 62 sets, with respectto the
received token frame 200, the transmission right acquiring,
apparatus information 206, the token repeat counter 207, and
the number of transmittable frames 209 and sets the number-
of-transmittable-frames “0” setting station 210 1f necessary
and transmits the token frame 200 in broadcast.

Specifically, the token-frame processing unit 62 sets the
token repeat counter 207 obtained by incrementing the token
repeat counter 207 stored 1n the token frame 200 by one and
sets, as the transmission right acquiring apparatus informa-
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tion 206, the MAC address of the communication node set in
the token circulation destination information.

When data frames are transmitted, the token-frame pro-
cessing unit 62 sets, 1n the number of transmittable frames
209, a value obtained by subtracting the number of transmiut-
ted data frames from the number of transmittable frames 209
at the time of token frame reception. When the new number of
transmittable frames 209 1s “0”, the token-frame processing
unit 62 sets, as the number-of-transmittable-frames “0” set-
ting station 210, a value of the token repeat counter 207 at the
time of the token frame 200 reception. The processing for
transmitting a token frame 1n the token-frame processing unit
62 corresponds to a token-frame transmitting unit of claims.

When the data transmission right 1s obtained, the data-
frame-communication processing unit 63 performs transmis-
s10n and reception processing for a data frame within a range
specified by the number of transmittable frames 209. For
example, in an FA network, the data-frame-communication
processing unit 63 receives data transmitted from the master
station and set 1n the slave station and transmits data used 1n
arithmetic processing to the master station. The data-frame-
communication processing unit 63 also has a function of
receiving a data frame transmitted from the slave station and
transferring (repeating) a data frame addressed to another
slave station by the slave station.

The data-frame-communication processing unit 63 per-
forms processing for distinguishing data (a frame) that could
not be transmitted because the number of transmittable
frames 1s “0” 1n the own station and data (a frame) that could
not be transmitted because, although the token frame 200 1s
acquired, the number of transmittable frames 1s “0” from data
accumulated in the transmission bufler 64 after the token
frame 200 1s released. This processing 1s explained later.

The transmission buifer 64 temporarily stores data entered
in a data link layer from a not-shown application layer of the
slave station until the data 1s transmitted by the data-frame-
communication processing unit 63. The reception buliler 65
temporarily stores data received in the ports 51-1 and 51-2
until the data 1s subjected to reception processing by the
data-frame-communication processing unit 63.

FIG. 4 1s a schematic diagram of an example of a storage
state of data 1n a transmission buffer. As shown 1n the figure,
in the transmission butfer, data that should be transmaitted to
other commumnication nodes (mainly, the master station) 1s
accumulated 1n time series as transmission waiting frames.
Information for distinguishing data (a frame) that, although
the transmission right was acquired, was not able to be trans-
mitted 1s stored with respect to the respective transmission
waiting frames. In this embodiment, the transmission builer
has un-transmitted frame information at the time of number
of transmittable frames “0” setting for identifying, when the
number of transmittable frames 209 1n the own station 1s “0”’,
data (a frame) that could not be transmitted and non-trans-
mitted frame information at the time of last token reception
for 1dentifying data (a frame) that could not be transmitted
because the transmission right was not obtained (1.e., the
number of transmittable frames 209 1s “0”’). The un-transmit-
ted frame information at the time of number of transmittable
frames “0” setting and the un-transmitted frame information
at the time of last token reception correspond to last-time
un-transmitted data identification information of claims.

Processing at the time of token frame reception 1s
explained below 1n order of the slave station and the master
station. FIGS. 5-1 and 5-2 are flowcharts for explaining an
example of transmaission processing at the time of token frame
reception in the slave station.
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First, when the token-{rame processing unit 62 recetves the
token frame 200 (step S11), the token-frame processing unit
62 determines whether the transmission right acquiring appa-
ratus information 206 of the token frame 200 indicates the
own station (step S12). When the transmission right acquiring
apparatus information 206 does not indicate the own station
(No at step S12), the token-frame processing unit 62 transfers
the token frame (step S13) and the processing ends.

When the transmission right acquiring apparatus informa-
tion 206 indicates the own station (Yes at step S12), the
token-frame processing unit 62 determines whether a value of
the token repeat counter 207 of the recerved token frame 200
1s equal to or larger than the transmission permitted station
value 208 (step S14). When the value of the token repeat
counter 207 1s equal to or larger than the transmission per-
mitted station value 208 (Yes at step S14), the token-frame
processing unit 62 further determines whether the number of
transmittable frames 209 of the token frame 200 1s larger than
“0” (step S15).

When the number of transmaittable frames 209 1s larger than
“0” (Yes at step S15), the token-frame processing unit 62
recognizes that the slave station has acquired the transmission
right. The token-frame processing unit 62 determines
whether the number of frames stored in the transmission
buffer 64 at a point when the token frame 200 1s received
(hereinafter referred to as number of transmission waiting
frames) 1s equal to or smaller than the number of transmittable
frames (step S16). When the number of transmission waiting
frames 1s equal to or smaller than the number of transmittable
frames (Yes at step S16), the token-frame processing unit 62
turther determines whether an un-transmitted frame at the
time of number of transmittable frames “0” setting or an
un-transmitted frame at the time of last token reception 1s
present 1n the transmission butier 64 (step S17).

When an un-transmitted frame at the time of number of
transmittable frames “0” setting or an un-transmitted frame at
the time of last token reception 1s not present 1n the transmis-
sion bufler 64 (No at step S17), the token-frame processing
unit 62 performs transmission processing for all frames
stored 1n the transmission buffer (step S21). When an un-
transmitted {frame at the time of number of transmittable
frames “0” setting or an un-transmitted frame at the time of
last token reception 1s present in the transmission builer 64
(Yes at step S17), the data-frame-communication processing
unit 63 transmits only the un-transmitted frame at the time of
number of transmittable frames “0” setting or the un-trans-
mitted frame at the time of last token reception (step S22).

Thereafter, the token-frame processing unit 62 sets (the
number of transmittable frames 209 at the time of token frame
200 reception)—(the number of frames transmitted at step S21
or S22)1n the number of transmittable frames 209 of the token
frame 200 (step S23). Subsequently, the token-1rame process-
ing unit 62 determines whether anew number of transmaittable
frames 209 set 1n the token frame 200 1s “0” (step S24).

When the set number of transmittable frames 209 1s not <0
(No at step S24), the token-frame processing unit 62 ncre-
ments the value of the token repeat counter 207 of the token
frame 200 by one (step S41) and sets, 1n the transmission right
acquiring apparatus imnformation 206, token circulation des-
tination information stored 1n the token-circulation-destina-
tion-information storing unit 61 (step S42). The token-frame
processing unit 62 transmits the token frame 200 in which the
items 1n the data 204 are set as explained above (step S43) and
ends the processing.

When the number of transmittable frames 209 set at step
S23 15 0 (Yes at step S24), the token-frame processing unit 62
sets, 1n the number-of-transmittable-frames “0” setting sta-
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tion 210 of the token frame 200, the value of the token repeat
counter 207 at the time of the token frame 200 reception (step
S34). Thereatfter, the processing at step S41 and subsequent
steps 1s performed.

On the other hand, when the number of transmission wait-
ing frames 1s larger than the number of transmaittable frames
209 at step S16 (No at step S16), the data-frame-communi-
cation processing unit 63 transmits the frames of the number
of transmaittable frames 209 stored in the transmission buifer
64 1n order from a frame stored earliest (step S31). At thus
point, the token-frame processing unit 62 sets, 1n non-trans-
mitted frames among the frames stored 1n the transmission
butiler 64, a flag for 1dentitying un-transmitted frame at the
time of number of transmittable frames “0” setting (step S32).
The token-frame processing unit 62 sets “07, 1.e., (the number
of transmittable frames 209 at the time of the token frame 200
reception)—(the number of frames transmitted at step S31) in
the number of transmittable frames 209 of the token frame
200 (step S33) and sets the number of transmittable frames
209 of the token frame 200 to “0”. Thereaiter, the processing
at step S34 and subsequent steps 1s performed.

When the number of transmittable frames 209 1s “0” at step
S15 (No at step S15), the token-frame processing unit 62
recognizes that the transmission right has not been obtained.
The data-frame-communication processing unit 63 sets, 1n
the frames stored 1n the transmission buffer 64 at the point
when the token frame 200 1s recerved, a flag for identifying an
un-transmitted frame at the time of last token reception (step
S25). Thereatter, the processing at step S41 and subsequent
steps 1s performed.

When the value of the token repeat counter 207 1s smaller
than the transmission permitted station value 208 at step S14
(No at step S14), the token-frame processing umt 62 of the
slave station recognizes that the transmission right has not
been obtained. The processing at step S41 and subsequent
steps 1s performed. As explained above, the processing of a
token frame by the slave station 1s performed.

The processing at steps S34 to S42 are setting processing,
for information in the data 204 of the token frame 200. There-
fore, order of setting 1s not limited to the order explained
above.

FIG. 6 1s a flowchart for explaining an example of process-
ing at the time of token frame reception 1n the master station.
First, when the token-frame processing unit 23 receives the
token frame 200 (step S71), the token-frame processing unit
23 determines whether the transmission right acquiring appa-
ratus information 206 of the token frame 200 indicates the
own station (step S72). When the transmission right acquiring
apparatus information 206 does not indicate the own station
(No at step S72), the token-frame processing unit 23 transfers
the token frame 200 (step S73) and the processing ends.

When the transmission right acquiring apparatus informa-
tion 206 indicates the own station (Yes at step S72), the
token-frame processing unit 23 checks whether the number of
transmittable frames 209 of the recerved token frame 200 1s
“0” (step S74). When the number of transmittable frames 1s
not “0”” (No at step S74), the token-frame processing unit 23
ol the master station recognizes that a communication node (a
slave station) that cannot transmait a data frame 1s not present.
In the next circulation of the token frame 200, the token-frame
processing unit 23 performs setting processing for the token
frame 200 to give the transmission right to the communica-
tion nodes 1 order according to the token circulation order
information. Specifically, after the data-frame-communica-
tion processing unit 24 transmits a frame in the transmission
buffer 25 within a range of the number of transmittable
frames set in advance (step S75), the token-frame processing
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unit 23 sets, 1n the number of transmittable frames 209 of the
token frame 200, a value obtained by subtracting the number
of frames transmitted at step S75 from the number of trans-
mittable frames set in advance (step S76), sets the value of the
token repeat counter 207 to “1” (step S77), and sets the
transmission permitted station value 208 to “0” (step S78).

On the other hand, when the number of transmittable
frames 209 1s “0” at step S74 (Yes at step S74), the token-
frame processing unit 23 of the master station recognizes that
a communication node (a slave station) that was not able to
transmit a data frame while this token frame 200 circulated
once 1s present. The token-frame processing unit 23 performs
setting processing for the token frame 200 such that, i the
next circulation of the token frame 200, data {frames can be
transmitted 1n order from the communication node (the slave
station) that was not able to transmit a data frame. Specifi-
cally, the token-frame processing unit 23 sets the number of
transmittable frames 209 of the token frame 200 to a value set
in advance (step S81), sets the value of the token repeat
counter 207 to “1” (step S82), and sets a value of the number-
of-transmittable-frames “0” setting station 210 at the time of
token frame 200 reception in the transmission permitted sta-
tion value 208 (step S83).

Thereafter or after step S78, the token-frame processing
unit 23 sets, 1 the transmission right acquiring apparatus
information 206 of the token frame 200, a slave station, which
obtains the transmission right after the own station, acquired
from the token circulation order information 1n the token-
circulation-order-information storing unit 22 (step S91). The
token-frame processing unit 23 transmits a token frame set as
explained above (step S92) and the processing ends.

The processing at steps S76 to S78 and S91 is setting
processing for information in the data 204 of the token frame
200. Therefore, order of the processing does nothave to be the
order explained above. The same applies to the processing at
steps S81 to S83 and S91.

A communication method employing a token frame 1in
such a communication system 1s explained below with refer-
ence to a specific example. FIGS. 7-1 to 7-9 are schematic
diagrams for explaining an example of a communication
method employing a token according to the first embodiment.
It 1s assumed that the master station A has already performed
configuration processing for a logical ring, determined the
token circulation order indicated by (1) above, and acquired
the transmission right first. In FIG. 7-1, a state of the com-
munication system at a point when the master station A has
acquired the transmission right 1s shown. In this state, 1n the
master station A, for example, it 1s entered from an applica-
tion layer to a data link layer to transmait frames F1 to F3 to the
other slave stations B and C. These frames F1 to F5 are stored
in the transmission buifer 25 1n order as transmission waiting
frames. Further, in the slave station B, it 1s entered from an
application layer to a data link layer to transmit frames Fé6 and
F7 to the other communication nodes. These frames F6 and
F7 are stored 1n the transmission builer 1n order as transmis-
s1ion waiting frames. In the slave station C, 1t 1s entered from
an application layer to a data link layer to transmit a frame F8
to the other communication nodes. This frame F8 1s stored in
the transmission bufler as a transmission waiting frame.

Thereatfter, as shown 1n FI1G. 7-2, the token-frame process-
ing umt 23 of the master station A sets the number of trans-
mittable frames 1n the token frame 200 to a value set 1n the
communication system in advance (assumed to be “6”). The
data-frame-communication processing unit 24 of the master
station A transmits the transmission waiting frames, which
are stored 1n the transmission buifer 23, in order of storage 1n
the transmission buifer 25 (in order from a frame stored
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carliest) within the range of the number of transmittable
frames set 1n the token frame 200. The number of transmis-
sion waiting frames F1 to F5 stored 1n the transmission buffer
25 15 “5” and the number of transmittable frames set 1n the
token frame 200 1s “6”. Therefore, the data-frame-communi-
cation processing unit 24 transmits all the frames F1 to F5.
Consequently, the number of frames that can be transmaitted
while this token frame 200 circulates once 1s “1 (6-3).
Thereatter, the token-frame processing unit 23 of the master
station A transmits the token frame 200 1n which the number
of transmittable frames 1s set to “1”, the token repeat counter
1s set to “17, the transmission permitted station value 1s set to
“0” representing the own station, and the slave station B 1s set
in the transmission right acquiring apparatus information.
The transmitted frames F1 to F5 are erased from the trans-
mission buffer 25.

Subsequently, when the slave station B receives the token
frame 200 1n which the transmission right acquiring appara-
tus information 1s set to the own station, the token-frame
processing unit 23 ol the slave station B compares the value of
the token repeat counter in the token frame 200 and the
transmission permitted station value and determines whether
the own station can transmit data. Because the token repeat
counter “1”>the transmission permitted station value <07, the
token-frame processing unit 23 recognmizes that the slave sta-
tion B has obtained a right for transmitting data in the range of
the number of transmittable frames 1n the token frame 200.

Thereafter, as shown 1n FIG. 7-3, the data-frame-commu-
nication processing unit 63 of the slave station B transmits the
transmission waiting frames, which are stored in the trans-
mission buffer 64, 1n order of storage 1n the transmission
buifer 64 (in order from a frame stored earliest) within the
range of the number of transmittable frames set 1n the token
frame 200. The number of transmission waiting frames Fé6 to
F7 stored in the transmission buifer 64 1s “2”” and the number
of transmittable frames set in the token frame 200 1s “17.
Theretore, the data-frame-communication processing unit 63
transmits only the frame F6. Consequently, the number of
frames that can be transmitted until this token frame 200
returns to the master station A 1s “0 (1-1)". Thereatter, the
token-frame processing unit 62 of the slave station B trans-
mits the token frame 200 1n which the number of transmit-
table frames 1s set to “0”, the number-of-transmittable-sta-
tions “0” setting station 1s set to “1”, which 1s a sequence
number on the logical ring of the own station, the token repeat
counter 207 1s incremented by one to “2”, and the slave station
C stored i1n the token-circulation-destination-information
storing unit 61 1s set as the transmission right acquiring appa-
ratus information. A value set in the number-of-transmittable-
frames “0” setting station i1s a value set 1n the token repeat
counter when the slave station B receives the token frame 200
and 1s a sequence number counted from the master station A
on the logical ring.

The data-frame-communication processing unit 63 of the
slave station B stores, as an un-transmitted frame at the time
of the number of transmaittable frames “0”, the frame F7 1n the
transmission builer 64 that could not be transmitted at the
time of acquisition of the transmission right of this time. This
can be performed by, for example, setting, in the transmission
bufter 64, an item called un-transmitted frame at the time of
the number of transmittable frames “0” setting and setting a
flag 1n this 1tem. To facilitate understanding of explanation,
the figure 1s drawn such that an item “un-transmitted frame at
the time of the number of transmittable frames “0” setting” 1s
provided and the un-transmitted frame F7 in the transmission
butiler 64 1s stored in this item as well. The transmitted frame
F6 1s erased.
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Subsequently, the token-frame processing unit 62 of the
slave station C receives the token frame 200 1n which the
transmission right acquiring apparatus information 1s set to
the own station, compares the value of the token repeat
counter 1n the token frame 200 and the transmission permitted
station value, and determines whether the own station can
transmit data. Because the token repeat counter “2”>the
transmission permitted station value “07, the token-frame
processing unit 62 recognizes that the slave station C has
obtained a right for transmitting data 1n the range of the
number of transmittable frames 1n the token frame 200.

Thereafter, as shown 1n FIG. 7-4, the slave station C
attempts to transmit the transmission waiting frames stored 1n
the transmission buifer 64 in order of storage 1n the transmis-
sion buffer 64 (in order from a frame stored earliest) within
the range of the number of transmittable frames set in the
token frame 200. Because the number of transmittable frames
set 1n the token frame 200 1s “0”, the slave station C cannot
transmit the frame F8 in the transmission bufler 64. There-
fore, the token-frame processing unit 62 of the slave station C
increments the token repeat counter by one to “3”. Subse-
quently, the token-frame processing unit 62 transmits the
token frame 200 1 which the master station A stored in the
token-circulation-destination-information storing unit 61 1s
set as the transmission right acquiring apparatus information.
In this token frame 200, the number of transmittable frames
remains “0”” and the number-of-transmittable-frames “0” set-
ting station remains 1.

At this point, the data-frame-communication processing
unit 63 of the slave station C stores, as an un-transmitted
frame at the time of the last token reception, the frame F8 1n
the transmission builer 64 that could not be transmitted at the
time of acquisition of the transmission right of this time. This
can be performed by, for example, setting an 1tem called
un-transmitted frame at the time of the last token reception
and setting a flag in this 1tem. To facilitate understanding of
the explanation, the figure 1s drawn such that an 1tem “‘un-
transmitted frame at the time of the last token reception” 1s
provided and the un-transmitted frame F8 in the transmission
butler 64 1s stored in this item as well.

Thereatter, as shown 1n FIG. 7-5, 1t 1s assumed that, 1n a
state immediately after the slave station C transmits the token
frame 200 1n which the transmission right acquiring appara-
tus information 1s set to the master station A, the communi-
cation nodes acquire new data that should be transmitted.
Specifically, in the master station A, for example, 1t 1s entered
from the application layer to the data link layer to transmuit
frames F9 and F10 to the other slave stations. These frames F9
and F10 are stored in the transmission buifer 25 1n order as
transmission waiting frames. In the slave station B, 1t 1s
entered from the application layer to the data link layer to
transmit frames F11 to F14 to the other communication
nodes. These frames F11 to F14 are stored 1n the transmission
butiler 64 1n order as transmission waiting frames. In the slave
station C, 1t 1s entered from the application layer to the data
link layer to transmit a frame F15 to the other communication
nodes. This frame F15 1s stored 1n the transmission buifer 64
as a transmission waiting frame.

Subsequently, as shown 1n FIG. 7-6, when the token-frame
processing unit 23 of the master station A receives the token
frame 200 in which the transmission right acquiring appara-
tus information 1s set to the own station, the token-frame
processing unit 23 checks the number of transmittable frames
in the token frame 200. The token-frame processing unit 23
determines that, because the number of transmittable frames
1s “0”, a communication node that, although the transmission
right was obtained, was not able to transmit a frame, 1.¢., was
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not able to obtain the transmission right 1s present among the
communication nodes in the logical ring. As a result, the
data-frame-commumnication processing unit 24 of the master
station A does not perform transmission processing for the
frames F9 and F10 stored 1n the transmission builer 25. The
data-frame-communication processing unit 24 transmits the
token frame 200 in which a value “6” set 1n advance 1s set to
the number of transmittable frames of the received token
frame 200, “1”°, which 1s a value of the number-of-transmait-
table-frames “0” setting station of the received token frame
200, 1s set to the transmission permitted station value, the
token repeat counter 207 1s reset to “17, and the slave station
B 1s set as the transmission right acquiring apparatus infor-
mation 206.

Subsequently, when the slave station B receives the token
frame 200 1n which the transmission right acquiring appara-
tus information 206 1s set to the own station, the data-frame-
communication processing unit 24 compares the value of the
token repeat counter 207 in the token frame 200 and the
transmission permitted station value 208 and determines
whether the own station can transmit data. Because the value
“1” of the token repeat counter 207=the transmission permit-
ted station value 208 17, 1.e., the token repeat counter the
transmission permitted station value, the data-frame-commu-
nication processing unit 24 recognizes that the slave station B
has obtained a right for transmitting data in the range of the
number of transmittable frames 1n the token frame 200.

Thereafter, as shown 1n FIG. 7-7, the data-frame-commu-
nication processing unit 24 of the slave station B identifies
presence of “un-transmitted frames at the time of number of
transmittable frames “0” setting” among the un-transmitted
frames stored 1n the transmission buffer 64. The data-frame-
communication processing umt 24 transmits the “un-trans-
mitted frames at the time of number of transmittable frames
“0” setting” 1n order of storage 1n the transmission butier 64
(1n order from a frame stored earliest) within the range of the
number of transmittable frames set in the token frame 200.
Because, although the frames F7 and F11 to F14 are stored 1n
the transmission bulfer 64, the “un-transmitted frame at the
time of number of transmittable frames “0” setting” 1s the
frame F7, the data-frame-communication processing unit 24
transmits only the frame F7. Consequently, the number of
frames that can be transmitted until this token frame 200
returns to the master station A 1s “5 (=6-1)". Thereatter, the
token-frame processing unit 62 of the slave station B trans-
mits the token frame 200 1n which “5” 1s set 1n the number of
transmittable frames, the token repeat counter 1s incremented
by one to “2”, and the slave station C 1s set 1n the transmission
right acquiring apparatus information. The slave station B
stores, as the “un-transmitted frames at the time of last token
reception”, the frames F11 to F14 that were not able to be
transmitted at the time of acquisition of the transmission right
of this time. The number-oi-transmittable-frames “0” setting
station 1n the token frame 200 1s not changed and 1s kept at the
value set 1n the recerved token frame 200. The transmitted
frame F7 1s erased from the transmission buiier 64.

Subsequently, the slave station C receives the token frame
200 1n which the transmission right acquiring apparatus infor-
mation 1s set to the own station, compares the value of the
token repeat counter in the token frame 200 and the transmis-
s1on permitted station value, and determines whether the own
station can transmit data. Because the token repeat counter
“2”>the transmission permitted station value 17, the slave
station C recognizes that the slave station C has obtained a
right for transmitting data in the range of the number of
transmittable frames 1n the token frame 200.
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Thereatter, as shown 1n FIG. 7-8, the slave station C 1den-
tifies presence of the “un-transmitted frame at the time of last
token reception” among the transmission waiting frames
stored 1n the transmission buifer 64. The data-frame-commu-
nication processing unit 24 transmits the “un-transmitted
frames at the time of last token reception” in order of storage
in the transmission butler 64 (1n the order from a frame stored
carliest) within the range of the number of transmittable
frames set 1n the token frame 200. Because, although the
frames F8 and F15 are stored in the transmission buiter 64,
the “un-transmitted frame at the time of last token reception”™
1s the frame 8, only the frame 8 1s transmitted. Consequently,
the number of frames that can be transmitted until this token
frame 200 returns to the master station A 1s “4 (=5-1)".
Thereatter, the token-frame processing unit 62 of the slave
station C transmits the token frame 200 1n which the number
of transmittable frames 1s set to *“4”, the token repeat counter
1s incremented by one to “3”, and the master station A 1s set 1n
the transmission right acquiring apparatus information. The
data-frame-communication processing unit 24 of the slave
station C stores, as an un-transmitted frame at the time of last
token reception, the frame F13 1n the transmission butfer 64
that could not be transmitted at the time of acquisition of the
transmission right of this time. The number-of-transmittable-
frames “0” setting station in the token frame 200 1s not
changed and 1s kept at the value set 1n the received token
frame 200. The transmitted frame F8 1s erased from the trans-
mission builer 64.

Subsequently, when the token-frame processing unit 23 of
the master station A receives the token frame 200 1n which the
transmission right acquiring apparatus information 1s set to
the own station, the token-frame processing unit 23 checks
the number of transmittable frames 1n the token frame 200.
Because the number of transmittable frames 1s “4”°, the token-
frame processing unit 23 determines that all communication
nodes 1n the logical ring were able to transmit frames.

Thereatter, as shown 1n FI1G. 7-9, the data-frame-commu-
nication processing unit 24 of the master station A performs
transmission processing for the frames F9 to F10 stored in the
transmission buffer 25. Thereatter, the token-frame process-
ing unit 23 transmits the token frame 200 in which “4”
obtained by subtracting the number of transmitted frames “2”
from the value “6” set 1n advance as the number of transmit-
table frames 1s set 1n the number of transmittable frames of the
token frame 200, “0” representing the own station 1s set 1in the
transmission permitted station value, the token repeat counter
1s resetto “1”°, and the slave station B 1s set in the transmission
right acquiring apparatus information. The value of the num-
ber-of-transmittable-frames “0” setting station 1n the token
frame 200 can be kept as it 1s without being changed or can be
erased. Thereafter, the processing explained above 1s repeat-
edly executed. Frames that should be transmitted by the com-
munication nodes are transmitted.

According to the first embodiment, it 1s determined
whether data 1n a transmission waiting state 1n the communi-
cation nodes can be transmitted 1n unit of a frame. Therefore,
it 1s unnecessary to calculate an amount of data in the trans-
mission waiting state unlike the past. As a result, 1t 1s possible
to reduce time after the token frame 200 1s recerved until data
1s transmitted. Because the transmission in unit of a frame 1s
performed, when 1t 1s determined whether data can be trans-
mitted according to a data amount as 1n the past, if an amount
of data that should be transmitted 1n a certain communication
node exceeds an amount of data that can be transmitted in the
communication system, not all the data that should be trans-
mitted could not be transmitted. However, 1n the first embodi-
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ment, 1t 1s possible to transmit data in frame unit 1n the range
of the number of transmittable frames 209.

Specifically, when the token repeat counter 207 1s equal to
or larger than the transmission permitted station value 208, 1t
1s determined whether the own station has the transmission
right according to whether the number of transmittable
frames 209 1n the token frame 200 1s “0”. Therefore, when
there 1s at least one transmittable frame number 209 until the
token frame 200 returns to the master station, the slave station
can transmit a frame. As a result, there 1s an effect that real-
time communication is possible. There 1s also an effect that 1t
1s possible to elliciently transmit frames while the token
frame 200 circulates once.

Further, 1n the configuration of the logical ring, the token
repeat counter 207 that 1s incremented by one every time the
token frame 200 circulates through the slave stations starting
from the master station set as a 0th communication node.
Theretfore, the slave station can recognize, with this token
repeat counter 207, which slave station counted from the
master station 1n the logical ring the slave station 1s. Making
use of this, a value of the token repeat counter 207 of a slave
station 1n which the number of transmittable frames 209 1s set
to “0” 1s stored 1n the token frame 200 as the number-oi-
transmittable-frames “0” setting station 210. The master sta-
tion sets the number-of-transmittable-frames “0” setting sta-
tion 210 1n the transmission permitted station value 208.
Therefore, 1t 1s possible to cause a slave station having data
that could not be transmaitted at the time of last acquisition of
the token frame to transmit the data. As a result, there 1s an
cifect that data generated by stations can be transmitted 1n
order from data generated earliest and 1t 1s possible to perform
communication with importance attached to real-time prop-
erties.

Further, frames that were not able be transmitted at the time
of acquisition of the token frame 200 are stored as last-time
un-transmitted frames. When the token frame 200 1s acquired
next, only the last-time un-transmitted frames are transmit-
ted. Therefore, there 1s an effect that, even when a frame that
should be transmitted 1s generated until the token frame 200
1s acquired next after being acquired last time, 1t 1s possible to
collectively transmit frames subjected to transmission entry
in substantially the same periods 1n the entire communication
system 1n order from a frame stored 1n the communication
node earliest.

Second Embodiment

As 1 the first embodiment, 1n a communication system that
includes a master station and slave stations, performs an
arithmetic operation using data from the slave stations, and
notifies the slave stations of a result of the arithmetic opera-
tion, 1t 1s likely that the data transmitted by the slave stations
concentrate 1n the master station. It 1s also likely that, in the
master station, a processing ability of transmission and recep-
tion processing 1s temporarily more deteriorated than other
processing, a reception bufler 1s 1n a full state, and frames are
discarded. When such a situation occurs, transmission retry
processing 1s carried out to recover discarded data. However,
this recovery processing leads to deterioration in perfor-
mance of a network, the master station, and the slave stations.
Theretore, 1n the second embodiment, a communication sys-
tem and a communication method that can perform transmis-
sion and reception of data without performing the recovery
processing when a processing ability of reception processing
1s temporarily deteriorated 1n the master station are explained.

The master station according to the second embodiment
further has a function of acquiring, when the token-frame
processing unit 23 recerves the token frame 200 1n which the
transmission right acquiring apparatus information 206 indi-
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cates the own station 1n the first embodiment, the number of
receivable bulfers from a state of use of the reception buiier
26 and setting the number of recervable buifers 1n the number
of transmittable frames 209 of the token frame 200. For
example, when a maximum number of stored frames of the
reception buifer 26 1s n (n 1s a natural number) and m (m 1s a
natural number, nzm) frames are stored in the reception
buffer 26 at a point when the token frame 200 1s acquired,
“n—-m” 1s set 1n the number of transmittable frames 209 of the
token frame 200. Components same as those in the first
embodiment are denoted by the same reference numerals and
signs and explanation of the components 1s omitted. The
configuration of the slave station according to the second
embodiment 1s the same as that in the first embodiment.
Therefore, explanation of the configuration of the slave sta-
tion 1s omitted.

A communication method for data according to the second
embodiment 1s explained below. FIG. 8 1s a flowchart for
explaining an example of processing at the time of token
frame reception by the master station. First, as at steps S71 to
S74 explained with reference to FIG. 6 1n the first embodi-
ment, the token-frame processing unit 23 of the master station
transiers the token frame 200 in which the transmission right
acquiring apparatus information 206 does not indicate the
own station and, 1n the case of the token frame 200 transmait-
ted to the own station, determines whether the number of
transmittable frames 209 1s “0” (steps S101 to S104).

When the number of transmittable frames 209 1s not “0”
(No at step S104), the token-frame processing unmit 23 of the
master station acquires the number of frames that can be
stored 1n the reception bulfer 26 at the present point (step
S105). For example, 1n a state in which four frames are stored
in the reception butler 26 that can store up to six frames, two
frames can be stored. The token-frame processing unit 23
sets, as the number of transmittable frames 209 of the token
frame 200, the acquired number of frames that can be stored
in the reception butiler 26 (step S106). Subsequently, after the
data-frame-communication processing unit 24 transmits
frames 1n the transmission bufler 25 within a range of the set
number of transmittable frames 209 (step S107), the token-
frame processing unit 23 sets, in the number of transmittable
frames 209 of the token frame 200, a value obtained by
subtracting the number of frames transmitted at step S107
from the number of transmittable frames 209 set at step S106
(step S108). The token-frame processing unit 23 sets a value
ol the token repeat counter 207 to “1” (step S109) and sets the
transmission permitted station value 208 to “0” (step S110).

On the other hand, when the number of transmittable
frames 209 1n the token frame 200 received at step S104 15 “0”
(Yes at step S104), the token-frame processing unit 23 of the
master station acquires the number of frames that can be
stored 1n the reception buifer 26 (step S121). The token-frame
processing unit 23 sets, as the number of transmittable frames
209 of the token frame 200, the acquired number of frames
that can be stored 1n the reception butler 26 (step S122). The
token-frame processing unit 23 sets the value of the token
repeat counter 207 to “1” (step S123) and sets, in the trans-
mission permitted station value 208, a value of the number-
of-transmittable-frames “0” setting station 210 at the time of
token frame reception (step S124).

Thereafter or after step S110, as at steps S91 and S92 in
FIG. 6, the token-frame processing unit 23 sets, in the trans-
mission right acquiring apparatus information 206 of the
token frame 200, a slave station, which obtains a transmission
right after the own station, acquired from token circulation
order information (step S125). The token-frame processing
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umt 23 transmits a token frame set as explained above (step
S126) and the processing ends.

A communication method employing a token frame 1n
such a communication system 1s explained below with refer-
ence to a specific example. FIGS. 9-1 to 9-8 are schematic
diagrams for explaining an example of a procedure of a com-
munication method employing a token frame according to the
second embodiment. It 1s assumed that the master station A
can process up to six frames. Specifically, 1t 1s assumed that
the reception bufler 26 of the master station A can store up to
six frames. Further, 1t 1s assumed that the master station A has
already performed configuration processing for a logical ring,
determined the token circulation order indicated by (1) 1n the
first embodiment, and notified the slave stations B and C of
information concerning the token circulation order (token
circulation destination information) and, thereafter, the token
frame 1s circulating according to the token circulation order.

As shown 1 FI1G. 9-1, 1t 1s assumed that, at a point when a
token frame 1n which transmission right acquiring apparatus
information 1s set to the master station A 1s transmitted from
the slave station C, 1in the slave station B, 1t 1s entered from the
application layer to the data link layer to transmit five frames
F1 to F5 to the master station A and these frames F1 to FS are
stored 1n the transmission butler 64 in order as transmission
waiting frames.

Thereafter, as shown in FIG. 9-2, when the master station A
receives the token frame 200 1n which the transmission right
acquiring apparatus information 206 1s set to the own station,
the master station A checks the number of transmittable
frames 1n the token frame 200. It 1s assumed that the number
of transmittable frames 1s returned as a number that 1s not “0”.
Therefore, there 1s no slave station that, although the trans-
mission right was obtained, was not able to transmit a frame
explained 1n the first embodiment. The master station A per-
forms normal communication for giving the transmission
right in order according to the frame circulation order.

The data-frame-commumnication processing unit 24 of the
master station A can transmit frames of the transmission
builer 25 because the own station obtains the transmission
right. However, at this point, because there 1s no frame that
should be transmitted, the data-frame-communication pro-
cessing unit 24 does not perform transmission processing.
Thereatter, the token-frame processing unit 23 of the master
station A transmits the token frame 200 in which the number
ol transmittable frames 1s set to the value “6” set in the
communication system 1n advance, the token repeat counter
1s reset to <17, the transmission permitted station value 1s set
to “0” representing the own station, and the slave station B 1s
set 1n the transmission right acquiring apparatus information
206.

Subsequently, when the token-frame processing unit 62 of
the slave station B recerves the token frame 200 1n which the
transmission right acquiring apparatus imnformation 1s set to
the own station, the token-frame processing unit 62 compares
the value of the token repeat counter 1n the token frame 200
and the transmission permitted station value and determines
whether the own station can transmit data. Because the token
repeat counter “1”>the transmission permitted station value
“0”, the token-frame processing unit 62 recognizes that the
slave station B has obtained a right or transmitting data 1n a
range of the number of transmittable frames in the token
frame 200.

Thereafter, as shown 1n FIG. 9-3, the data-frame-commu-
nication processing unit 63 of the slave station B transmuts the
transmission waiting frames stored 1n the transmission builer
64 1n order of storage in the transmission buffer 64 (in order
from a frame stored earliest) within the range of the number of
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transmittable frames set in the token frame 200. Because the
number of transmission waiting frames F1 to F5 stored in the
transmission buffer 64 1s ““5” and the number of transmittable
frames set 1n the token frame 200 1s “6”, the data-frame-
communication processing unit 63 transmits all the frames F1
to F5 to the master station A. Consequently, the number of
frames that can be transmitted until this token frame 200
returns to the master station A 1s “1 (=6-3)". Thereatter, the
token-frame processing unit 62 of the slave station B trans-
mits the token frame 200 in which the number of transmit-
table frames has been set to “1”, the token repeat counter 1s
incremented by 1 to “2”, and the slave station C 1s set 1n the
transmission right acquiring apparatus information. The
transmitted frames F1 to F5 are erased from the transmission
butler 64.

Data transmitted from the slave station B 1s received by the
master station A and temporarily stored in the reception
butiler 26. As a result, five frames are stored in the reception
buffer 26 of the master station A. Therefore, the number of
reception builer processable frames 15 <17,

Subsequently, the slave station C receives the token frame
200 1n which the transmission right acquiring apparatus infor-
mation 1s set to the own station, compares the value of the
token repeat counter in the token frame 200 and the transmis-
sion permitted station value, and determines whether the own
station can transmit data. Because the token repeat counter
“2”>the transmission permitted station value <07, the slave
station C recognizes that the slave station C has obtained a
right for transmitting data in the range of the number of
transmittable frames 1n the token frame 200.

Thereafter, as shown 1in FIG. 9-4, the slave station C
attempts to transmit the transmission waiting frames stored 1n
the transmission builer 64 in order of storage 1n the transmis-
sion buller 64 (1n order from a frame stored earliest) within
the range of the number of transmaittable frames “1”” set 1n the
token frame 200. However, because there 1s no data that
should be transmitted 1n the transmission butfer 64, eventu-
ally, the slave station C does not transmit a frame.

The token-frame processing unit 62 of the slave station C
transmits the token frame 200 in which the token repeat
counter 1s incremented by one to “3” and the master station A
1s set 1n the transmission right acquiring apparatus informa-
tion. In this token frame 200, the number of transmittable
frames remains “1”.

It 1s assumed that, 1n time until the transmission of the
token frame 200 by the slave station C, in the master station A,
processing ol one frame among the frames stored in the
reception builer 26 has ended and a storage capacity for two
frames has been secured in the reception buifer. In other
words, 1t 1s assumed that the number of reception builer
processable frames of the master station A has increased to
“27.

It 1s assumed that, thereatfter, as shown 1n FIG. 9-5, 1n a
state immediately after the slave station C transmits the token
frame 200 1n which the transmission right acquiring appara-
tus information has been set to the master station A, 1n the
slave station C, it 1s entered from the application layer to the
data link layer to transmit the frames F6 to F9 to the master
station A and these frames F6 to F9 are stored 1n the trans-
mission buller 64 as transmission waiting {rames.

Subsequently, as shown 1 FIG. 9-6, when the master sta-
tion A receives the token frame 200 1n which the transmission
right acquiring apparatus information has been set to the own
station, the master station A checks the number of transmait-
table frames 1n the token frame 200. Because the number of
transmittable frames 209 1s “1”°, the master station A deter-
mines that all the communication nodes 1n the logical ring
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were able to transmit frames. As a result, the master station A
can perform transmission processing for frames stored in the
transmission builer 25. However, 1n this example, because no
frame 1s stored 1n the transmission bufler 25, the transmission
processing for frame by the master station A 1s not performed.

The master station A originally sets a value “6”, which 1s
set 1n the communication system in advance, as the number of
transmittable frames of the token frame 200. However,
because the number of reception butler processable frames 1s
“2”. the master station A transmits the token frame 200 1n
which “2” has been set 1n the number of transmittable frames
of the token frame 200, the token repeat counter has been reset
to “1”, and the slave station B has been set in the transmission
right acquiring apparatus information.

Subsequently, when the slave station B recerves the token
frame 200 1n which the transmission right acquiring appara-
tus information has been set to the own station, the slave
station B compares the value of the token repeat counter in the
token frame 200 and the transmission permitted station value
and determines whether the own station can transmit data.
Because the token repeat counter “1”>the transmission per-
mitted station value “0”, the slave station B recognizes that
the slave station B has obtained a right for transmitting data in
the range of the number of transmittable frames in the token
frame. However, because no frame 1s present in the transmis-
sion buffer 64 of the slave station B, the slave station B does
not perform transmission processing for frames.

Thereafter, as shown 1n FIG. 9-7, the slave station B trans-
mits the token frame 200 1n which the token repeat counter
has been incremented by one to “2” and the slave station C has
been set 1n the transmission right acquiring apparatus infor-
mation. The number of transmittable frames i the token
frame 200 1s not changed and 1s kept at a value set in the
received token frame 200.

Subsequently, the slave station C recerves the token frame
200 1n which the transmission right acquiring apparatus infor-
mation 1s set to the own station, compares the value of the
token repeat counter in the token frame 200 and the transmis-
s1on permitted station value, and determines whether the own
station can transmit data. Because the token repeat counter
“2”>the transmission permitted station value <07, the slave
station C recognizes that the slave station C has obtained a
right for transmitting data in the range of the number of
transmittable frames 1n the token frame.

Thereatter, as shown 1n FIG. 9-8, the data-frame-commu-
nication processing unit 63 of the slave station C transmits the
transmission waiting frames stored 1n the transmission builer
64 1n order of storage in the transmission buffer 64 (in order
from a frame stored earliest) within the range of the number of
transmittable frames 209 set in the token frame 200. The
frames F6 to F9 have been stored in the transmission buifer
64. However, because the number of transmittable frames 1s
“2”, the data-frame-communication processing unit 63 trans-
mits only the frames F6 and F7. Consequently, the number of
frames that can be transmitted until this token frame 200
returns to the master station A 1s “0 (=2-2)”. Thereafter, the
token-frame processing unit 62 of the slave station C trans-
mits the token frame 200 1n which the number of transmit-
table frames has been set to “0”, “2”, which 1s a value of the
token repeat counter at the time when a token frame 1s
received (represents the own station), has been set 1n the
number-oi-transmittable-frames “0” setting station, the token
repeat counter 1s incremented by one to “3”, and the master
station A has been set 1n the transmission right acquiring
apparatus information. The slave station C stores, as un-
transmitted frames at the time of the number of transmittable
frames “0”, the frames F8 and F9 1n the transmission butter 64
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that were not able to be transmitted at the time of acquisition
of the transmission right of this time. The transmitted frames
F6 and F7 are erased from the transmission builer 64. There-
after, the processing explained above or the processing
explained 1n the first embodiment 1s performed.

As explained above, the number of transmittable frames 1s
variably set according to the reception processing ability of
the master station A and transmission processing for frames
corresponding to the setting 1s performed.

According to the second embodiment, the number of
frames that can be transmitted when the next token 1s circu-
lated 1s set according to the reception processing ability of the
master station. Therefore, it 1s possible to prevent data from
concentrating on the master station and prevent frames from
being discarded because the reception buifer 1s full. Because
recovery processing by the discarding of frames 1s not per-
tformed, there 1s also an effect that it 1s possible to prevent
deterioration in communication performance and data pro-
cessing performance 1n the master station, the slave stations,
and the communication system including these communica-
tion nodes.

Third Embodiment

For example, in an FA system 1n which a programmable
controller corresponding to the master station and control
target apparatuses corresponding to the slave stations are
connected by a network, arithmetic processing 1s performed
by the programmable controller based on data output from the
control target apparatuses and a result of the arithmetic opera-
tion 1s output to the control target apparatuses to perform
control of the control target apparatuses. Therefore, real-time
properties of data are requested. In such a case, when high
accuracy 1s required for the result of the arithmetic process-
ing, a large amount of data from the control target apparatuses
are required. When very high accuracy 1s not required for the
result of the arithmetic processing, the amount of data from
the control target apparatus can be small. In this way, 1n the
FA system, there are degrees of importance concerning the
control target apparatuses.

Therefore, when a load of transmission requests from the
slave stations temporarily increases, if reception processing
for data from all the slave stations 1s performed by the method
explained in the first embodiment, it 1s likely that data from
the control target apparatuses having high degrees of 1mpor-
tance cannot be easily received and highly-accurate arith-
metic processing cannot be performed. Therefore, 1n the third
embodiment, a communication system and a communication
method that can preferentially transmit data from slave sta-
tions having high degrees of importance to the master station
are explained.

FI1G. 10 1s a schematic block diagram of a functional con-
figuration of a master station according to the third embodi-
ment. This master station further includes, 1n the configura-
tions of the first and second embodiments, a changed-
destination-information-during-priority-processing  storing
unit 27 that stores changed destination information during
priority processing that indicates to which slave station a
transmission right 1s preferentially given when a load of trans-
mission requests of slave stations increases and a number-oi-
transmittable-frames “0” setting-station storing unit 28 that
stores the number-oi-transmittable-frames “0” setting station
210 1n the token frame 200 when a load of transmission
requests of the slave stations increases. The token-frame pro-
cessing unit 23 determines whether or not a load of transmis-
s1on requests of the slave stations has increased according to
whether or not the number of transmittable frames 209 1n the
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The changed destination information during priority pro-
cessing stored in the changed-destination-information-dur-
ing-priority-processing storing unit 27 1s set to a slave station
having an earliest token circulation turn among slave stations
with a priority level set highest 1n a logical ring (token circu-
lation order). The prionty levels of the slave stations have
been set 1n advance according to types of the slave stations or
set by a user.

FIG. 11 1s a schematic diagram of a relation between sta-
tion numbers and sequence numbers of communication nodes
included 1n a communication system. The station numbers are
information arbitrarily set by the user to uniquely identity the
communication nodes of the communication system. The
sequence numbers are numbers that indicate order of arrange-
ment of the slave stations with the master station A set as a
reference 1n the logical ring as explained 1n the first embodi-
ment. The master station A stores the station numbers and the
sequence numbers 1n association with each other in, for
example, the token circulation order information of the token-
circulation-order-information storing unit 22. Information
concerning a priority level of a communication node having
which station number 1s to be set high by the user 1s stored in
the changed-destination-information-during-priority-pro-
cessing storing unit 27 as changed destination information
during priority processing. For example, if a prionty level of
the slave stations C and E 1s the highest, the slave station C 1s
selected as the changed destination information during prior-
ity processing. This 1s because, by selecting the slave station
C, a token frame circulates to the slave station E having the
high priornity level 1n a later logical ring. Information concern-
ing the station numbers set 1n the communication nodes 1s
acquired from the communication nodes during logical ring
configuration processing by the logical-ring configuring unit
21, whereby the relation shown 1n FIG. 11 can be obtained as
association between the station numbers and the sequence
numbers of the communication nodes.

When the token-frame processing umt 23 receives the
token frame 200 and the number of transmittable frames of
the recerved token frame 1s “0”, the token-frame processing,
unit 23 stores, in the number-of-transmittable-frames “0”
setting-station storing unit 28, a value of the number-oi-
transmittable-frames “0” setting stations stored in the token
frame 200 and sets, 1n the transmission permitted station
value of the token frame 200, the changed destination infor-
mation during priority processing stored 1n the changed-des-
tination-information-during-priority-processing storing unit
27. When the token-frame processing unit 23 receives the
token frame 200 1n which the transmission right acquiring
apparatus iformation 1s set to the own station 1n a state 1n
which the number-of-transmittable-frames “0” setting station
1s stored in the number-of-transmittable-frames “0” setting-
station storing umt 28, the token-frame processing unit 23
generates the token frame 200 1n which the number-of-trans-
mittable-frames “0” setting station stored 1n the number-oi-
transmittable-frames “0” setting-station storing unit 28 1s set
in the transmission permitted station value and erases infor-
mation in the number-of-transmittable-frames “0” setting-
station storing unit 28.

Components same as those explained in the first and sec-
ond embodiments are denoted by the same reference numer-
als and signs and explanation of the components 1s omitted.
The configuration of the slave station 1s the same as that
explained 1n the first and second embodiments. Therefore,
explanation of the configuration 1s also omatted.

A processing procedure by the master station for giving a
data transmission right to a slave station desired to be given
priority 1s explained below. FIGS. 12-1 and 12-2 are flow-
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charts for explaming an example of a processing procedure
for a token frame of the master station according to the third
embodiment. First, as at steps S71 to S73 explained with
reference to FIG. 6 1n the first embodiment, the token-frame
processing unit 23 of the master station transfers the token
frame 200 in which the transmission right acquiring appara-
tus mformation 206 does not indicate the own station (steps
S151 to S153).

In the case of the token frame 200 in which the transmis-
s1on right acquiring apparatus information 206 indicates the
own station, the token-frame processing unit 23 determines
whether information 1s stored in the number-of-transmit-
table-frames “0” setting-station storing unit 28 (step S154).
When mformation 1s not stored in the number-of-transmit-
table-frames “0 setting-station storing unit 28 (No at step
S154), the token-frame processing unit 23 recognizes that the
last circulation of the token frame 200 1s not processing for
causing a communication node having a high priority level to
perform transmission of data (hereinafter referred to as pro-
cessing of a priority mode) and the token frame 200 for
equally giving the data transmission right to the communica-
tion nodes 1n the communication system explained 1n the first
and second embodiments has been 1ssued. Therefore, subse-
quently, the token-frame processing umt 23 determines
whether the number of transmittable frames 209 1n the token
frame 200 1s “0” (step S155).

When the number of transmittable frames 209 1s not “0”
(No at step S155), the token-frame processing unit 23 deter-
mines that a load of transmission requests of the communi-
cation nodes included 1n the communication system has not
increased. Thereatter, the token-frame processing unit 23 sets
the number of transmittable frames to a value set 1n advance
(step S156). The data-frame-communication processing unit
24 transmits a frame 1n the transmission butfer 23 (step S157).
The token-frame processing unit 23 sets, in the number of
transmittable frames 209 of the token frame 200, a value
obtained by subtracting the number of frames transmitted at
step S157 from the number of transmittable frames set at step
S156 (step S1358). The token-frame processing unit 23 resets
“1”” 1n the token repeat counter 207 (step S159) and sets “0” 1n
the transmission permitted station value 208 of the token
frame 200 (step S160). The token-frame processing unit 23
sets a communication node conforming to the token circula-
tion order information in the transmission right acquiring
apparatus information 206 (step S175) and transmits the
token frame 200 (step S176) and the processing ends.

On the other hand, when the number of transmittable
frames 15 O at step S1535 (Yes at step S1535), the token-frame
processing unit 23 determines that a load of transmission
requests ol the communication nodes included in the com-
munication system has temporarily increased. Thereafter, the
token-frame processing unit 23 sets the number of transmit-
table frames to a value set 1n advance (step S171) and resets
“1” 1n the token repeat counter 207 (step S172). The token-
frame processing unit 23 stores, 1n the number-of-transmit-
table-frames “0” setting-station storing umt 28, the number-
of-transmittable-frames “0” setting station 210 1in the
received token frame 200 (step S173) and sets, in the trans-
mission permitted station value 208, a value stored in the
changed destination information during priority processing
ol the changed-destination-information-during-priority-pro-
cessing storing unit 27 (step S174). Thereaftter, the processing
at step S175 and subsequent steps 1s performed.

When information 1s stored in the number-of-transmit-
table-frames “0” setting-station storing unit 28 at step S1354
(Yes at step S154), the master station recognizes that the
processing in the priority mode was performed at the time of
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the last circulation of the token frame 200. Therefore, the
token-frame processing unit 23 of the master station sets the
number of transmittable frames to a value set in advance (step
S181). The data-frame-communication processing unit 24
transmits a frame in the transmission butler 235 (step S182).
The token-frame processing unit 23 sets, in the number of
transmittable frames 209 of the token frame 200, a value
obtained by subtracting the number of frames transmitted at
step S182 from the number of transmittable frames set at step
S181 (step S183). The token-frame processing unit 23 resets
the token repeat counter 207 in the token frame 200 to “1”
(step S184), sets, 1n the transmission permitted station value
208, the number-of-transmittable-frames “0” setting station
stored 1n the number-oi-transmittable-frames “0” setting-sta-
tion storing unit 28 (step S185), and sets a communication
node conforming to the token circulation order information in
the transmission right acquiring apparatus information 206
(step S186). The token-Trame processing unit 23 transmits the
token frame 200 in which the various kinds of information in
the data 204 have been set as explained above (step S187). At
this point, the token-irame processing unit 23 erases the num-
ber-of-transmittable-frames “0” setting station stored in the
number-of-transmittable-frames “0” setting-station storing,
unit 28. Consequently, the processing ends.

A specific example of transmission processing for a token
frame according to the third embodiment 1s explained below.
FIGS. 13-1 to 13-5 are schematic diagrams of an example of
the transmission processing for a token frame accordmg to the
third embodiment. This communication system 1s configured
by connectmg one master station A and three slave stations B
to D via the switching hub 101. It 1s assumed that token
circulation order has been determined as indicated by (2)
below by the logical-ring configuring unit 21 of the master
station A. It 1s assumed that, after the master station A notifies
the slave stations B to D of information concerning the token
circulation order indicated by (2) below (token circulation
destination information), the token frame 200 circulates in the
communication system according to the token circulation
order.

Master station A—slave station B—slave station
C—slave station D—master station A

(2)

It 1s assumed that a priority level of data transmitted from
the slave station B 1s high and “2”, which indicates the slave
station B as the changed destination information during pri-
ority processing 1s set in the changed-destination-informa-
tion-during-priority-processing storing unit 27. It 1s assumed
that the reception buffer 26 of the master station A can store
up to six frames.

First, as shown in FIG. 13-1, the slave station C has
acquired a transmission right in which the number of trans-
mittable frames 1s “3” and transmits the frames F1 to F3
among the transmission waiting frames F1 to FS of the trans-
mission builer 64. The slave station C transmits the token
frame 200 in which the number of transmittable frames has
been set to “0”, the number-of-transmittable-frames “0” set-
ting station 210 has been set to “2”, which 1s a sequence
number of the own station, the token repeat counter has been
set to “3”, and the transmission right acquiring apparatus
information has been set to the slave station D. The slave
station C stores, as un-transmitted frames at the time of num-
ber of transmittable frames “0” setting, the frames F4 and F3
in the transmission buifer 64 that were not able to be trans-
mitted.

Subsequently, as shown 1 FIG. 13-2, the slave station D
acquires the transmission right as explained in the first
embodiment. However, the slave station D cannot transmit
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the un-transmitted frames Fé6 and F7 in the transmission
bulfer 64. Therefore, the slave station D transmits the token
frame 200 in which the token repeat counter 207 has been set
to “4” and the transmission right acquiring apparatus infor-
mation has been set to the master station A. The slave station
D stores, as un-transmitted frames at the time of last token
reception, the frames F6 and F7 1n the transmission butier 64
that have not been able to be transmuitted.

It 1s assumed that, at a point immediately after the token
frame 200 in which the transmission right acquiring appara-
tus information has been set to the master station A 1s trans-
mitted from the slave station D, in the slave station B, it 1s
entered from the application layer to the data link layer to
transmit six frames F8 to F13 to the master station A and these
frames F8 to F13 are stored 1n the transmission buifer 64 1n
order as transmission waiting frames. Further, 1t 1s assumed
that, 1n the slave station C, 1t 1s entered from the application
layer to the data link layer to transmit two frames F14 and F135
to the master station A and these frames F14 and F15 are
stored 1n the transmission buffer 64 1n order as transmission
waiting frames. It 1s assumed that, at this point, in the master
station A, data 1s stored 1n the reception buifer 26 to the full
storage capacity by the frames F1 to F3 received from the
slave station C.

In such a state, when the token-frame processing unit 23 of
the master station A recerves the token frame 200 1n which the
transmission right acquiring apparatus information has been
set to the own station, the token-frame processing unit 23
checks whether information 1s stored 1n the number-of-trans-
mittable-frames “0” setting-station storing unit 28. It 1s
assumed that information 1s not stored in the number-oi-
transmittable-frames “0” setting-station storing unit 28.
Thereafiter, the token-frame processing unit 23 further checks
the number of transmittable frames 1n the token frame 200.
Because the number of transmittable frames 1s “0”°, the token-
frame processing unit 23 shiits to the priority mode for pret-
crentially transmitting data of the slave station B set 1n
advance 1n the changed destination information during prior-
ity processing of the changed-destination-information-dur-
Ing-priority-processing storing unit 27.

As shown 1n FIG. 13-3, the master station A stores, 1n the
number-oi-transmittable-frames “0” setting-station storing
unit 28, the number-oi-transmittable-frames “0” setting sta-
tion 210 1n the received token frame 200. Subsequently, the
master station A transmits the token frame 200 in which the
number of transmittable frames 1s set to the value “6” set in
advance in the communication system, the token repeat
counter has been reset to “1”, the transmission permitted
station value has been set to the value “1” (=the slave station
B) stored 1n the changed destination information during pri-
ority processing, and the slave station B has been set 1n the
transmission right acquiring apparatus information.

Thereatter, the slave station B receives the token frame 200
in which the transmission right acquiring apparatus informa-
tion 206 has been set to the own station and compares the
value of the token repeat counter 207 1n the token frame 200
and the transmission permitted station value 208. Because the
token repeat counter “1”=the transmission permitted station
value “17, the slave station B recognizes that the transmission
right has been obtained.

As shown 1n FIG. 13-4, the slave station B transmuits the six
frames F8 to F13 within a range specified by the number of
transmittable frames among the transmission waiting frames
stored 1n the transmission buifer 64. Thereafter, the slave
station B transmits the token frame 200 in which the token
repeat counter has been incremented by one to “2”°, the num-
ber of transmittable frames has been set to “0”’, and the trans-
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mission right acquiring apparatus information has been set to
the slave station C. It 1s assumed that, while data 1s transmaitted
in the priority mode, even if the number of transmaittable
frames 1s “0”, setting (writing) 1n the number-of-transmiait-
table-frames “0” setting station 1n the token frame 200 1s not
performed.

In the method 1n the first embodiment, the master station A
sets the information 1n the data of the token frame 200 to give
the priority right to the slave station C set 1n the number-oi-
transmittable-frames “0” setting station 1 FIG. 13-2. How-
ever, 1n the third embodiment, when the number of process-
able frames of the reception butfer 26 of the master station A
1s “0”, the transmission right 1s given to the slave station B
stored 1n the changed-destination-information-during-prior-
ity-processing storing unit 27.

Subsequently, the token frame 200 circulates to the slave
stations C and D 1n order. However, because the number of
transmittable frames 1s “0” 1n both the slave stations C and D,
a data frame cannot be transmitted. As shown 1n FIG. 13-5,
the slave station D transmits the token frame 200 1n which the
token repeat counter has been set to “4”, the number of
transmittable frames has been set to *“0’, and the transmission
right acquiring apparatus information has been set to the
master station A.

Thereafter, as shown 1n FIG. 13-5, the master station A
receives the token frame 200 1n which the transmission right
acquiring apparatus information has been set to the own sta-
tion and checks whether information 1s stored 1n the number-
of-transmittable-frames “0” setting-station storing unit 28.
Because information has been stored, the token-frame pro-
cessing unit 23 of the master station A sets, 1n the transmis-
s1on permitted station value of the token frame 200, the value
“2” stored 1in the number-of-transmittable-frames “0” setting-
station storing unit 28. The token-frame processing unit 23
generates and transmits the token frame 200 1n which the
token repeat counter has been reset to “1”, the number of
transmittable frames 1s set to <6, and “1”” indicating the slave
station B has been set in the transmission right acquiring
apparatus mformation. When generation processing for the
token frame 200 ends, the token-frame processing unit 23
erases the information stored in the number-of-transmittable-
frames “0” setting-station storing unit 28.

Thereatter, processing same as the processing explained 1n
the first embodiment 1s performed. Specifically, first, the
transmission right 1s given to the slave station C, the frames
F4 and F5 stored as un-transmitted frames at the time of
number of transmittable frames “0” setting in the transmis-
sion buffer 64 are transmitted, and the frames F6 and F7
stored as un-transmitted frames at the time of last token
reception 1n the transmission buifer 64 of the slave station D
are transmitted.

In the example explained above, a load of communication
requests of the slave stations temporarily increases. However,
the processing explained above 1s not performed only 1n this
case. It 1s also possible to execute the same processing for
shifting the communication system to the priority mode, for
example, when reception processing of the master station has
been deteriorated.

According to the third embodiment, when the number of
transmittable frames of a recerved token frame 1s “07, the
transmission right 1s given to a slave station having a high
priority level set in advance, contents of the number-of-trans-
mittable-frames “0” setting station 210 are temporarily
stored, and the transmission right 1s not given to the slave
stations set 1n the number-of-transmaittable-irames “0” setting
station 210. As a result, there 1s an effect that 1t 1s possible to



US 9,270,483 B2

29

transmit, while maintaining real-time properties, data of the
slave stations that need to frequently transmit data to the
master station.

Fourth Embodiment

In a fourth embodiment, another method of giving a trans-
mission right to a slave station having the highest priority
level among slave stations 1n a communication system when
the number of transmittable frames of a received token frame
1s “0”.

FI1G. 14 1s a diagram of an example of a format of a token
frame used in the fourth embodiment. In this token frame 200,
the transmission permitted station value 208 shown 1n FI1G. 3
includes a start transmission permitted station value 208a and
an end transmission permitted station value 2085 for speci-
fying a range on a logical ring of the slave stations that are
caused to preferentially perform data transmission. Specifi-
cally, when the number of transmaittable frames of the
received token frame 1s “0” and the communication system
shifts to the priornity mode, the start transmission permitted
station value 208a indicates a sequence number of a first
communication node to which the transmission right is pret-
erentially given among communication nodes on the logical
ring. The end transmission permitted station value 2085 1ndi-
cates a sequence number of the last communication node to
which the transmission right 1s preferentially given among the
communication nodes on the logical ring. As a result, among
the communication nodes on the logical ring, communication
nodes from the communication node having the sequence
number of the start transmission permitted station value 2084
to the communication node having the sequence number of
the end transmission permitted station value 2085 obtain the
transmission right and perform transmission of data frames.

The configuration of the master station 1s different from the
configuration in the third embodiment 1n that changed desti-
nation information during priority processing including a
start transmission right permitted station value and an end
transmission right permitted station value in shifting to the
priority mode 1s stored in the changed-destination-informa-
tion-during-priority-processing storing umt 27. Otherwise,
the configuration of the master station i1s the same as the
configuration in the third embodiment. Therefore, explana-
tion of the configuration 1s omitted.

The configuration of the slave station 1s different from the
configurations in the first to third embodiments 1n that, after
the token-frame processing unit 62 recerves the token frame
200 1n which the transmission right acquiring apparatus infor-
mation 206 indicates the own station, the token-frame pro-
cessing unit 62 determines whether a value of the token repeat
counter 207 1s equal to or larger than the start transmission
permitted station value 208a and equal to or smaller than the
end transmission permitted station value 2085. Otherwise,
the configuration of the slave station 1s the same as the con-
figuration in the first to third embodiments. Therefore, expla-
nation of the configuration 1s omitted.

A communication method in the communication system 1n
such a configuration 1s the same as the communication
method explained 1n the third embodiment. Therefore, expla-
nation of the communication method 1s also omitted.

According to the fourth embodiment, when the number of
transmittable frames of the received token frame 1s “07, a start
sequence number and an end sequence number on the logical
ring of the communication nodes desired to be caused to
preferentially transmait data are designated. Therefore, there 1s
an elfect that 1t 1s possible to cause a set of arbitrarily selected
communication nodes on the logical ring to preferentially
transmit data. The data transmission processing in shifting to
the priority mode 1s performed only by the communication
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nodes 1n the range set by the start transmission permitted
station value and the end transmission permitted station
value. Therefore, compared with the third embodiment, it 1s
possible to reduce processing performed while the token
frame circulates once.

In the third and fourth embodiments, a priority-processing-
information setting unit can be provided in the master station.
A slave station input by a user and desired to be given priority
can be set 1n the changed-destination-information-during-
priority-processing storing unit 27. Consequently, 1t 15 pos-
sible to perform, according to an occurred event, control of
the transmission right of the slave station desired to be given
priority.

In the first to fourth embodiments, the size of a frame
transmitted by a communication node that has obtained the
transmission right 1s not specifically limited. However, 1t 1s
also possible to set the master station to transmit only frames
equal to or shorter than predetermined length. When a frame
longer than the set predetermined length 1s transmitted, data
only has to be divided into transmittable length 1n a layer
higher than the data link layer. When the data is recerved, a
receiving side only has to collect the divided data into one.

Fiith Embodiment

The communication system according to the first to fourth
embodiments can be applied to, for example, an FA network
(an FA system) including a control target apparatus and a
control apparatus such as a programmable controller that
performs a predetermined arithmetic operation using a state
of the control target apparatus as mput data, and outputs an
operation condition for the control target apparatus as output
data.

In the FA network, synchronous data (cyclic data) always
transmitted from communication nodes at the time of token
frame reception and asynchronous data (un-cyclic data) that
do not have to be periodically transmitted because real-time
properties are not regarded as important coexist. Examples of
the synchronous data include control data such as data for a
master station to control slave stations and data acquired by
the slave stations necessary for an arithmetic processing by
the master station. Examples of the asynchronous data
include data such as a control log of the slave stations.

In such a network, the functions explained 1n the first to
fourth embodiments do not have to be applied to all data
transmitted 1n the communication system. Specifically, when
a communication node recetves a token frame 1n which the
own station 1s set 1n transmission right acquiring apparatus
information, the communication node always transmits the
synchronous data and transmits the asynchronous data
according to the method explained in the first to fourth
embodiments.

In this case, 1t 1s suflicient that a flag for determining
whether a frame 1s a synchronous frame or an asynchronous
frame (an asynchronous frame determining flag) 1s provided
in the frame, a communication node that has acquired the
transmission right reads asynchronous frame determining
flag information of the frame, applies the first to fourth
embodiments only to the asynchronous frame, and always
transmits the synchronous frame when the transmission right
1s acquired.

According to the fifth embodiment, there 1s an effect that 1t
1s possible to change, according to the importance of data, a
target for which real-time properties are secured.

The communication methods in the master station and the
slave station can be realized by executing computer pro-
grams, 1n which processing procedures of the respective com-
munication methods are written, with a computer such as a
programmable controller or a personal computer having a
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CPU (central processing unit). In this case, the CPU (control
means) of the computer executes the processing steps of the
communication methods explained above according to the
computer programs. These computer programs are recorded
in a computer-readable recording medium such as a hard disk,
a floppy disk, a CD (Compact Disk)-ROM (Read Only
Memory), an MO (Magneto-Optical disk), or a DVD (Digital
Versatile Disk or digital Video Disk) and executed by being
read out from the recording medium by the computer. These
computer programs can also be distributed via a network (a
communication line) such as the Internet.

Further, the master station can be a communication man-
agement circuit in which the processing units described in the
embodiments are realized by a circuit that executes process-
ing according to the processing procedure explained above.
Similarly, the slave circuit can also be a communication cir-
cuit 1n which the processing units described 1n the embodi-
ments are realized by a circuit that executes processing
according to the processing procedure explained above.

Furthermore, the master station can also be an LSI (Large-
Scale Integration) 1n which the processing units described 1n
the embodiments are manufactured to execute processing
according to the processing procedure. Similarly, the slave
station can also be an LSI i which the processing units
described 1n the embodiments are manufactured to execute
processing according to the processing procedure.

INDUSTRIAL APPLICABILITY

As explammed above, the communication management
apparatus according to the present invention 1s useful for a
communication apparatus that manages a data transmission
right 1n a network system connected by an Ethernet 1n which
real-time properties of data communication is requested.

The mvention claimed 1s:

1. A communication management apparatus that manages
transmission of data in a network in which a plurality of
communication nodes are connected by an Ethernet, the com-
munication management apparatus comprising:

a token-1rame receiving unit that recerves a token frame for
acquiring a transmission right of data and determines
whether the transmission right 1s acquired by analyzing
the token frame;

a token-frame transmitting unit that transmits the token
frame which includes (1) first transmission right acqui-
sition determination mformation indicating a sequence
number of a communication node that can acquire the
transmission right in a circulation order of the token
frame 1n the network, (i11) second transmission right
acquisition determination information indicating a spe-
cific number of frames that can be transmitted while the
token frame circulates once, wherein the specific num-
ber 1s variable based on subtracting a number of trans-
mitted data frames from a previously set number of
transmittable frames, and (111) information on another
communication node that subsequently acquires the
transmission right; and

a data-frame-communication processing unit that per-
forms reception processing for data frames from other
communication nodes and, when the transmission right
1s acquired, transmits data 1n a frame unit,

wherein
the first transmission right acquisition determination

information includes (1) a token circulation number
indicating the sequence number counted from the
communication management apparatus in the circu-
lation order of the token frame 1n the network and (11)
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a transmission permitted station value indicating the
sequence number in the circulation order of the com-
munication node that can transmit a data frame, and
the token-frame transmitting unit sets the token circula-
tion number to a value of “1” and sets, 1n the trans-
mission permitted station value, a value correspond-

ing to information in the received token frame.
2. The communication management apparatus according,
to claim 1, wherein the token-iframe transmitting unit sets the

transmission permitted station value, indicating the sequence
number of the own station, to a value of “0”” when the second
transmission right acquisition determination imformation of
the recerved token frame 1s not “0”.
3. The communication management apparatus according,
to claim 1, wherein
1n the recetved token frame, when the second transmission
right acquisition determination information 1s “0”, and a
number of transmittable frames 1s set to a value of “0” 1n
a setting station information, which indicates a commu-
nication apparatus that sets the second transmission

right acquisition determination information to a value of
“0”.

the token-frame recerving unit does not give a transmission
instruction for the data frame to the data-frame-commu-
nication processing unit, and

the token-frame transmitting unit sets the number of trans-

mittable frames to a value of “0” 1n the setting station
information 1n the transmission permitted station value
of the token frame.

4. The communication management apparatus according
to claim 3, further comprising a number-of-transmittable-
frames “0” setting-station storing unit that stores contents of
the number-oi-transmittable-frames “0” setting-station infor-
mation, wherein

the token-frame-recerving unit stores, when the token-

frame recerving unit recerves the token frame 1 which
the transmission right acquiring apparatus information
indicates the own apparatus and the second transmission
right acquisition determination information 1s “0”, con-
tents of the number-of-transmittable-frames “0” setting
station 1nformation 1n the number-of-transmittable-
frames “0” setting-station storing unit, and

the token-frame transmitting unit sets, 1n the transmission

permitted station value, the sequence number of a com-
munication apparatus to which the transmission right 1s
preferentially given when the second transmission right
acquisition determination information 1s “0”.

5. The communication management apparatus according,
to claim 4, wherein the token-frame transmitting unit sets,
when the second transmission right acquisition determination
information of the recerved token frame 1s “0”, a start trans-
mission permitted station value and an end transmission per-
mitted station value indicating the sequence number in a
range of the communication apparatus to which the transmis-
sion right 1s preferentially given in the transmission permitted
station value of the token frame.

6. The communication management apparatus according
to claim 4, wherein, when the number of transmaittable frames
“0” setting station information 1s stored 1n the number-oi-
transmittable-frames “0” setting-station storing unit, the
token-frame transmitting unit sets, when the token-irame
transmitting unit receives the token frame in which the trans-
mission right acquiring apparatus information indicates the
own apparatus, the number of transmittable frames “0” set-
ting station mformation in the transmaission permitted station
value of the token frame and erases the number of transmit-
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table frames “0” setting station information stored in the
number-oi-transmittable-frames “0” setting-station storing,
unit.

7. A communication node that recetves, 1n a network 1n
which a plurality of communication nodes are connected by
an Ethernet, a token frame for acquiring a transmission right
of data circulated according to a circulation order determined
by a communication management apparatus and performs
transmission of data, the communication node comprising:

a token-circulation-destination-information storing unit
that stores token circulation destination information
indicating the communication node that acquires the
transmission right of data next based on the circulation
order;

a token-frame receiving unit that recerves the token frame,
determines whether the transmission right1s acquired by
analyzing the token frame, and determines, when the
transmission right is acquired, whether transmissionof a
data frame 1s possible using first transmission right
acquisition determination information indicating a
sequence number of a communication apparatus that can
acquire the transmission right 1n the circulation order
and second transmission right acquisition determination
information indicating a specific number of transmit-
table frames at the time of the token frame reception that
are stored 1n the received token frame, wherein the spe-
cific number 1s variable based on subtracting a number
of transmitted data frames from a previously set number
of transmittable frames;

a token-frame transmitting unit that transmits the token
frame 1n which a value obtained by subtracting, when
transmission of the data frame 1s possible, a number of
transmitted data frames from the second transmission
right acquisition determination information 1s set in the
second transmission right acquisition determination
information; and

a data-frame-communication processing unit that per-
forms reception processing for data frames from the
other communication nodes and, when the transmission
right 1s acquired, transmits data 1n a frame unut,

wherein
the first transmission right acquisition determination
information includes a token circulation number indi-
cating the sequence number counted from the com-
munication management apparatus 1n the circulation
order and a transmission permitted station value indi-
cating the sequence number 1n the circulation order of
a communication node that can transmit a data frame,
and
when 1t 1s determined that the transmission right 1s
acquired, the token-frame receiving unit determines
whether transmission of the data frame 1s possible
using the token circulation number and the transmis-
sion permitted station value.

8. The communication node according to claim 7, wherein
the token-frame transmitting unit sets, as a new version of the
token circulation number, the token circulation number of the
received token frame incremented by one.

9. The communication node according to claim 7, wherein

when the token circulation number in the token frame 1s

equal to or larger than the transmission permitted station
value and the second transmission right acquisition
determination information is larger than “0”, the token-
frame recerving unit determines that transmission of a
data frame 1s possible, and
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the data-frame-communication processing unit transmits
the data frame within a range of the second transmission
right acquisition determination mformation.

10. The communication node according to claim 9,

wherein

the token frame stores number of transmittable frames “0”
setting station information indicating a communication
node that sets the second transmission right acquisition
determination information to “0”’, and

when a value obtained by subtracting a number of trans-
mitted data frames from second transmission right
acquisition determination information in a received
token frame changes to “0”, the token-frame transmit-
ting unit sets a value of the token circulation number 1n
the received token frame 1n the number of transmittable
frames “0” setting station information.

11. A communication method for data employing a token
frame 1n a communication system that manages transmission
of data 1n a network in which a plurality of communication
nodes are connected by an Ethernet cable and includes a
communication management apparatus that 1s one of the
communication nodes and communication apparatuses that
are the other communication nodes in the network, the com-
munication method comprising:

a transmission right determining step for determining, by
the communication management apparatus, whether a
communication node 1n the plurality of communication
nodes indicated by transmaission right acquiring appara-
tus information that acquires a transmission right next in
the recerved token frame 1s the own apparatus;

a first data frame transmitting step for transmitting, by the
communication management apparatus, when the trans-
mission right acquiring apparatus information indicates
the own apparatus, data 1n a transmission waiting state in
a frame unait;

a first token frame transmitting step for transmitting, by the
communication management apparatus, the token frame
which includes (1) first transmission right acquisition
determination information indicating a sequence nuim-
ber of a communication apparatus that can acquire the
transmission right in token circulation order for circu-
lating the token frame in the network, (11) second trans-
mission right acquisition determination information
indicating a specific number of frames that can be trans-
mitted while the token frame circulates once from the
own station, wherein the specific number i1s variable

based on subtracting a number of transmitted data

frames from a previously set number of transmittable

frames, and (111) transmission right acquiring apparatus
information that 1s a next transmission destination of the
token frame after the own apparatus acquired from the
token circulation order;

a token-frame-acquisition determining step for determin-
ing, by the communication apparatus, whether the trans-
mission right acquiring apparatus information of the
received token frame 1ndicates the own apparatus;

a first transmission right determining step for determin-
ing, by the communication apparatus, when the trans-
mission right acquiring apparatus information indi-
cates the own apparatus, using the first transmission
right acquisition determination information, whether
the own station has the transmission right;

a second transmission right determining step for deter-
mimng, by the communication apparatus, when 1t 1s
determined 1n the first transmission right determining,
step that the own station has the transmission right,
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possibility of transmission of data frames using the
second transmission right acquisition determination
information;

a second data frame transmitting step for transmitting,
by the communication apparatus, when 1t 1s deter-
mined that the data frames can be transmitted in the
second transmission right determining step, the data
frames within a range of the second transmission right
acquisition determination information; and

a second token frame transmitting step for setting, by the
communication apparatus, after 1t 1s determined in the
first transmission right determining step that the own
station does not have the transmission right, after it 1s
determined 1n the second transmission right deter-
mining step that the data frames cannot be transmit-
ted, or after the data frames are transmitted 1n the data
frame transmitting step, 1 the transmission right
acquiring apparatus information, token circulation
destination information indicating the communica-
tion node 1n the plurality of communication nodes to
which the transmission right 1s given after the own
station, and transmitting, when the data frames are
transmitted 1n the second data frame transmitting
step, the token frame 1n which a value obtained by
subtracting a number of the data frames from the
second transmission right acquisition determination
information at the time of the token frame reception
has been set 1n the second transmission right acquisi-
tion determination information,

wherein

the first transmission right acquisition determination
information includes a token circulation number mndi-
cating the sequence number based on the communi-
cation management apparatus in the token circulation
order of a communication apparatus set in the trans-
mission right acquiring apparatus information and a
transmission permitted station value indicating a
sequence number in the token circulation order of a
communication apparatus that can transmit a data
frame 1n the data frames,

in the first token frame transmitting step, the communi-
cation management apparatus sets “1” in the token
circulation number and sets, 1n the transmission per-
mitted station value, a value corresponding to infor-
mation set 1n the received token frame,

in the first transmission right determining step, the com-
munication apparatus determines presence or absence
of the transmission right using the token circulation
number and the transmission permitted station value,
and

in the second token frame transmitting step, the commu-
nication apparatus sets, 1n the token circulation num-
ber, the sequence number indicating the token circu-
lation destination information.

12. The communication method according to claim 11,
wherein, in the second token frame transmitting step, the
communication apparatus sets, as a new version of the token
circulation number, the token circulation number of the
received token frame incremented by one.

13. The communication method according to claim 11,
wherein

in the first transmission right determining step, when the

token circulation number 1n the token frame 1s equal to

or larger than the transmission permitted station value,
the communication apparatus determines that the own
station has the transmission right,
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in the second data frame transmitting step, when the second
transmission right acquisition determination informa-
tion 1s larger than “0”, the communication apparatus
determines that frames can be transmitted,

in the second data frame transmitting step, the communi-
cation apparatus attaches, to data that 1s 1n a transmission

waiting state at the time of the token frame reception and
could not be transmitted, last-time un-transmitted data
identification information for identifying the data that
could not be transmitted within a range of the second
transmission right acquisition determination informa-
tion,
in the second token frame transmitting step, when the sec-
ond transmission right acquisition determination infor-
mation 1s “0” 1n the transmission of the data frame, the
communication apparatus sets a value of the token cir-
culation number at the time of the token frame reception
in number of transmittable frames “0” setting station
information indicating the communication node in the
plurality of communication nodes that has set the second
transmission right acquisition determination informa-
tion to “07,

in the transmission right determining step, when the trans-
mission right acquiring apparatus information in the
received token frame indicates the own apparatus, the
second transmission right acquisition determination
information 1s “0”, and the number of transmittable
frames “0” setting station information has been set, the
communication management apparatus determines that
the transmission right has not been obtained, and

in the first token frame transmitting step, the communica-

tion management apparatus further sets the number of
transmittable frames “0” setting station information in
the transmission permitted station value of the token
frame.

14. The communication method according to claim 13,
wherein, 1n the second data frame transmitting step, when the
communication apparatus has data attached with the last-time
un-transmitted data identification information, the communi-
cation apparatus transmits only the data attached with the
last-time un-transmitted data 1dentification information at the
time of transmission right acquisition.

15. The communication method according to claim 11,
wherein, 1n the second data frame transmitting step, when the
token circulation number 1s equal to or larger than the trans-
mission permitting station value and the second transmission
right acquisition determination iformation 1s “0”, the com-
munication apparatus attaches, to data that 1s 1n a transmis-
s1on waiting state at the time of the token frame reception and
could not be transmitted, last-time un-transmitted data iden-
tification mformation for identifying the data that could not
be transmitted.

16. The communication method according to claim 15,
wherein, 1n the second data frame transmitting step, when the
communication apparatus has data attached with the last-time
un-transmitted data identification information, the communi-
cation apparatus transmits only the data attached with the
last-time un-transmitted data 1dentification information at the
time of transmission right acquisition.

17. The communication method according to claim 11,
wherein, 1n the first token frame transmitting step, the com-
munication management apparatus sets, as the second trans-
mission right acquisition determination information, a num-
ber of frames that can be received at a point when the token
frame 1n which the transmission right acquiring apparatus
information indicates the own apparatus 1s recerved.
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18. The communication method according to claim 11,
wherein

in the transmission right determiming step, when the com-
munication management apparatus receives the token
frame 1n which the second transmission right acquisition
determination information 1s “0”, the communication
management apparatus stores contents of the number of
transmittable frames “0” setting station information, and

in the token frame transmitting step, when the second
transmission right acquiring apparatus information 1s
“0”, the communication management apparatus sets, 1n
the transmission permitted station value, changed desti-
nation mformation during priority processing that 1s the
sequence number of the communication apparatus to
which the transmission right 1s preferentially given.

19. The communication method according to claim 18,

wherein
when the second transmission right acquisition determina-
tion information 1s “0”, the changed destination infor-
mation during priority processing includes a start trans-
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mission permitted station value and an end transmission
permitted station value indicating the sequence number
in a range of the communication apparatus to which the
transmission right 1s preferentially given, and

in the first transmitting right determining step, when the

token circulation number 1s present within a range indi-
cated by the start transmission permitted station value
and the end transmission permitted station value, the
communication apparatus determines that the own sta-
tion has the transmission right.

20. The communication method according to claim 18,
wherein, 1n the first token frame transmitting step, when
contents of the number of transmittable frames “0” setting
station 1nformation are stored at the time of reception of the
token frame 1n which the transmission right acquiring appa-
ratus information indicates the own apparatus, the communi-
cation management apparatus sets the stored number of trans-
mittable frames “0” setting stating information n the
transmission permitted station value.
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