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In network communication system , a master unit ' s control 
ler transmits a command signal to a CXPI bus . The control 
ler specifies values of turning - on intervals of loads as delay 
time lengths in a delay area of the command signal , and 
specifies ports of slave units in an output port specification 
area in a specified order corresponding to turning - on order 
of the loads . The microcomputer of each slave unit receives 
the command signal from the CXPI bus . The microcomputer 
acquires a specified number of a port of the own slave unit 
specified as an instruction target in the output port specifi 
cation area , integrates specified values in the delay area , and 
outputs the operation signal to the specified port at a timing 
delayed from the reception of the command signal by the 
time length calculated by the integration . The number of 
specified values is a number obtained by subtracting 1 from 
the specified number . 
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NETWORK NODE , NETWORK 
COMMUNICATION SYSTEM , AND 

NETWORK COMMUNICATION METHOD 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001 ] The present application is based on , and claims 
priority from Japanese Patent Application No . 2018 - 060416 , 
filed Mar . 27 , 2018 , the disclosure of which is hereby 
incorporated by reference herein in its entirety . 

TECHNICAL FIELD 
[ 0002 ] The present application relates to a technique for 
transmitting and receiving a command signal for operating 
loads over a network . 

BACKGROUND ART 
[ 0003 ] When a load mounted on a vehicle is operated , a 
command signal is transmitted from a higher - level controller 
that controls the operation of the load to a lower - level 
controller that actually operates the load via a network in the 
vehicle . At this time , when a plurality of loads is operated at 
different timings , for each load , a command signal corre 
sponding to the operation timing of the load is transmitted 
from the upper controller to the lower - level controller . 
[ 0004 ] For example , when ten LED devices mounted on a 
vehicle as lighting devices in the interior of the vehicle are 
caused to emit light in white at a little intervals , ten kinds of 
command signals corresponding to light emission patterns of 
the LED devices are transmitted from the higher - level 
controller to the lower - level controller that operates each 
LED device via the network inside the vehicle ( see JP 
2017 - 084573 A ( patent family : US 2017 / 0118816 A1 ) ) . 

with a short time difference even when a network having a 
relatively low communication speed ( communication capac 
ity ) is used . 
[ 0008 ] . A network node according to a first aspect of the 
present application includes a distinguishing unit configured 
to distinguish whether or not an own output port is specified 
as an instruction target in a command signal received from 
a network , a specified number acquisition unit configured to 
acquire , from the command signal , a specified number in a 
specified order , in the command signal , of the own output 
port distinguished by the distinguishing unit as the instruc 
tion target specified in the command signal , a delay infor 
mation acquisition unit configured to acquire delay infor 
mation on a delay time length of an output timing of an 
operation signal for a load connected to the output port that 
is the instruction target from the command signal , in which 
the distinguishing unit has distinguished that the own output 
port is specified as the instruction target , a determination 
unit configured to determine a timing at which the operation 
signal is output to the load from the own output port based 
on a reception timing of the command signal , in which the 
distinguishing unit has distinguished that the own output 
port is specified as the instruction target , from the network , 
the specified number acquired by the specified number 
acquisition unit , and the delay information acquired by the 
delay information acquisition unit , and an output unit con 
figured to output the operation signal to the load from the 
own output port at the timing determined by the determi 
nation unit . 
[ 0009 ] With the network node according to the first aspect 
of the present application , in a case where the distinguishing 
unit distinguishes that an own output port is specified as an 
instruction target in the command signal received from the 
network , the specified number acquisition unit acquires a 
specified number of the own output port as an instruction 
target in the received command signal . 
10010 ] . The determination unit then determines a time 
length to be delayed from the reception of the command 
signal to output an operation signal , that is , an output timing 
of the operation signal based on the reception timing of the 
command signal from the network , the delay information 
acquired by the delay information acquisition unit , and the 
specified number of the own output port as an instruction 
target acquired by the specified number acquisition unit . 
[ 0011 ] Note that the determination unit may determine the 
time length to be delayed from the reception of the command 
signal to output an operation signal by integrating the delay 
time length of an output timing of an operation signal 
calculated based on the delay information acquired from the 
received command signal by the delay information acquisi 
tion unit for the number of times corresponding to the 
specified number of the own output port as an instruction 
target acquired by the specified number acquisition unit . 
[ 0012 ] Thus , the operation signal is output from the own 
output port distinguished by the distinguishing unit as an 
instruction target specified in the received command signal 
to the load at the timing determined by the determination 

SUMMARY 
[ 0005 ] In recent vehicles , a plurality of types of networks 
with different communication speeds ( communication 
capacity ) are mounted , and a network is properly selected 
and used depending on the degree of importance of a content 
to be transmitted and a required speed of response . There 
fore , for example , a network having a relatively low com 
munication speed ( communication capacity ) is used for 
transmission of a signal having a low direct relevance to safe 
operation of the vehicle and transmission of a signal not 
requiring an immediate response . 
[ 0006 ] Therefore , if command signals for the LED devices 
are transmitted from the higher - level controller to the lower 
level controller using a network with a relatively low 
communication speed ( communication capacity ) in order to 
make the plurality of LED devices sequentially emit light at 
a little intervals , the transmission intervals between the 
command signals to be transmitted successively cannot be 
made less than an upper limit . Therefore , the LED devices 
can be made to sequentially emit light only with a time 
difference of a certain time or more , restricting the light 
emission pattern of the plurality of LED devices . 
[ 0007 ] The present application has been made in view of 
the above circumstances , and an object of the present 
application is to provide a network node , a network com 
munication system , and a network communication method 
allowing a node as a transmission source to transmit com - 
mand signals for sequentially operating a plurality of loads 

unit . 
[ 0013 ] Therefore , when a plurality of output ports are 
specified as instruction targets in one command signal , the 
output timings of the operation signals determined by the 
determination unit differ corresponding to the difference in 
the number specified as an instruction target in the received 
command signal . 
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[ 0014 ] That is , by using only one command signal , it is 
possible to sequentially output the operation signals to the 
loads by delaying the timings from the plurality of output 
ports that are instruction targets in the order specified as the 
instruction targets . Further , the time differences between the 
timings at which the output ports output the operation 
signals can be determined by the delay time lengths calcu 
lated based on the delay information of the command signal 
irrespective of the communication speed ( communication 
capacity ) of the network . 
[ 0015 ] Therefore , even when a network having a relatively 
low communication speed ( communication capacity ) is 
used , it is possible to realize network communication 
capable of transmitting a command signal for sequentially 
operating the plurality of loads with a short time difference 
from the node as a transmission source . 
[ 0016 ] The specified number acquisition unit may acquire , 
from the command signal specifying a plurality of output 
ports including an output port of another network node as 
instruction targets , the specified number of the own output 
port in the specified order . 
[ 0017 ] With this configuration , specified numbers of the 
output ports that are instruction targets in the command 
signal are serial numbers through all the output ports speci 
fied as the instruction targets regardless whether the same 
network node or different network nodes include the output 
ports . 
[ 0018 ] Therefore , even if the output ports specified as 
instruction targets in the command signal include an output 
port of a different network node , it is possible to output the 
operation signals sequentially by delaying timings from the 
plurality of output ports to the loads . 
[ 00191 The network node according to the first aspect of 
the present application may further include an individual 
information acquisition unit configured to acquire , from a 
delay information signal including identification informa 
tion of the delay information in header information out of 
signals received from the network , individual delay infor 
mation defining , as delay time lengths , differences between 
output timings of operation signals from two output ports 
specified successively out of a plurality of output ports 
specified as instruction targets in the command signal in the 
specified order of the instruction targets . In this case , the 
distinguishing unit uses a signal including identification 
information of the command signal in the header informa 
tion received after the delay information signal from the 
network to distinguish whether or not the own output port is 
specified as an instruction target in the command signal , and 
in a case where the delay information acquired from the 
command signal by the delay information acquisition unit 
indicates reference of the individual delay information , the 
determination unit determines a timing at which the opera 
tion signal is output to the load from the own output port 
using , as the delay information acquired by the delay infor 
mation acquisition unit , differences between output timings 
of the operation signals defined at specified numbers that are 
former compared with the specified number acquired by the 
specified number acquisition unit in the individual delay 
information acquired , by the individual information acqui 
sition unit , from the delay information signal having been 
received from the network before the command signal . 
[ 0020 ] With this configuration , when a delay information 
signal including identification information of delay infor - 
mation in the header information is received from the 

network , the individual delay information is acquired from 
the delay information signal by the individual information 
acquisition unit . 
[ 0021 ] Individual delay information acquired from the 
delay information signal by the individual information 
acquisition unit defines , as delay time lengths , differences 
between output timings of operation signals from two output 
ports specified successively out of a plurality of output ports 
specified as instruction targets in the command signal . In the 
individual delay information , the differences between output 
timings of operation signals from two output ports specified 
successively are defined in the specified order of the instruc 
tion targets in the command signal . 
[ 0022 ] When a command signal including identification 
information of the command signal in the header informa 
tion is received from the network after the delay information 
signal , whether or not the own output port is specified as an 
instruction target in the command signal is distinguished by 
the distinguishing unit . In a case where the distinguishing 
unit distinguishes that an own output port is specified as an 
instruction target in the command signal received from the 
network , the specified number acquisition unit acquires a 
specified number of the own output port as an instruction 
target in the received command signal , and the delay infor 
mation acquisition unit acquires delay information from the 
received command signal . 
[ 0023 ] Here , if the delay information acquired from the 
received command signal by the delay information acquisi 
tion unit relates to the delay time length of the output timing 
of the operation signal to the load connected to the output 
port that is an instruction target , the determination unit 
determines a time length to be delayed from the reception of 
the command signal to output the operation signal based on 
the delay information acquired from the received command 
signal by the delay information acquisition unit and the 
specified number of the own output port as an instruction 
target acquired by the specified number acquisition unit . 
[ 0024 ] On the other hand , if the delay information 
acquired from the received command signal by the delay 
information acquisition unit indicates reference of the indi 
vidual delay information of the delay information signal , the 
determination unit determines a time length to be delayed 
from the reception of the command signal to output the 
operation signal based on the individual delay information 
acquired , by the individual information acquisition unit , 
from the delay information signal having been received from 
the network before the command signal and the specified 
number of the own output port as an instruction target 
acquired by the specified number acquisition unit . 
[ 0025 ] Note that the determination unit determines a time 
length from the reception timing of the command signal to 
a timing at which the operation signal is output to the load 
from the own output port using , as the delay information 
acquired by the delay information acquisition unit , differ 
ences of output timings of the operation signals defined 
between two output ports at successive specified numbers 
that are former compared with the specified number 
acquired by the specified number acquisition unit in the 
individual delay information acquired , by the individual 
information acquisition unit , from the delay information 
signal having been received from the network before the 
command signal . 
( 0026 ] That is , the determination unit determines a timing 
at which the operation signal is output to the load from the 
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own output port by integrating differences of output timings 
of the operation signals defined between two output ports at 
successive specified numbers that are former compared with 
the specified number acquired by the specified number 
acquisition unit in the individual delay information acquired , 
by the individual information acquisition unit , from the 
received delay information signal . 
[ 0027 ] Therefore , the output timing of the operation signal 
to a load from an output port specified as an instruction 
target in the received command signal can be set by indi 
vidually setting a delay time length from an output timing of 
an operation signal from an output port specified previously 
as an instruction target to a load rather than setting constant 
delay time lengths . 
[ 0028 ] A network communication system according to a 
second aspect of the present application includes a master 
node configured to specify , as instruction targets , output 
ports to output operation signals to loads at different timings 
in an order from an output port having an earlier output 
timing of an operation signal and transmit a command signal 
to a network , the command signal including delay informa 
tion related to delay time lengths of output timings of the 
operation signals to the loads connected to the output ports 
that are the instruction targets from the output ports , and a 
slave node configured to receive the command signal from 
the network , wherein the network node according to the first 
aspect of the present application is used as the slave node . 
[ 0029 ] With the network communication system accord 
ing to the second aspect of the present application , the 
network node according to the first aspect of the present 
application is used as a slave node that receives , from the 
network , the command signal transmitted by the master 
node , and thus the effect obtained by the network node 
according to the first aspect of the present application can be 
obtained 
[ 0030 ] A network communication method according to a 
third aspect of the present application includes a transmis 
sion step , performed by a master node , of transmitting a 
command signal to a network , the command signal includ 
ing , in a frame , an instruction target field in which output 
ports to output operation signals to loads at different timings 
are specified as instruction targets in an order from an output 
port having an earlier output timing of an operation signal 
and a delay information field in which delay information 
related to delay time lengths of output timings of the 
operation signals to the loads connected to the output ports 
that are instruction targets from the output ports is set , a 
distinguishing step , performed by a slave node , of distin 
guishing whether or not an own output port is specified as 
one of the instruction targets in the instruction target field of 
the command signal received from a network , a specified 
number acquisition step , performed by the slave node , of 
acquiring a specified number in a specified order of the own 
output port in the instruction target field of the command 
signal , the own output port having been distinguished in the 
distinguishing step as an output port specified as one of the 
instruction targets in the instruction target field of the 
command signal , a delay information acquisition step , per 
formed by the slave node , of acquiring the delay information 
from the delay information field of the command signal for 
which it has been distinguished in the distinguishing step 
that the own output port is specified as one of the instruction 
targets , a determination step , performed by the slave node , 
of determining a timing for outputting the operation signal 

to the load from the own output port based on reception 
timing , from the network , of the command signal for which 
it has been distinguished in the distinguishing step that the 
own output port is specified as one of the instruction targets , 
the specified number acquired in the specified number 
acquisition step , and the delay information acquired in the 
delay information acquisition step , and an output step , 
performed by the slave node , of outputting the operation 
signal to the load from the own output port at the timing 
determined in the determination step . 
[ 0031 ] According to the network communication method 
according to the third aspect of the present application , when 
the master node specifies , as instruction targets , output ports 
to output operation signals to loads at different timings in an 
order from an output port having an earlier output timing of 
an operation signal in an instruction target field and trans 
mits a command signal to a network , the command signal 
including delay information related to delay time lengths of 
output timings of the operation signals set in a delay 
information field to the loads connected to the output ports 
that are the instruction targets from the output ports , the 
slave node performs the steps similar to the steps of the 
procedure performed by the network node according to the 
first aspect of the present application . 
[ 0032 ] Therefore , similarly to the effect obtained by the 
network node according to the first aspect of the present 
application , even when a network having a relatively low 
communication speed ( communication capacity ) is used , it 
is possible to realize network communication capable of 
transmitting a command signal for sequentially operating the 
plurality of loads with a short time difference from the node 
as a transmission source . 
[ 0033 ] According to each aspect of the present applica 
tion , even when a network having a relatively low commu 
nication speed ( communication capacity ) is used , it is pos 
sible to realize network communication capable of 
transmitting a command signal for sequentially operating the 
plurality of loads with a short time difference from the node 
as a transmission source . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0034 ] FIG . 1 is an explanatory diagram illustrating a 
schematic configuration of an in - vehicle LAN system , 
which is a network communication system according to an 
embodiment . 
[ 0035 ] FIG . 2 is an explanatory diagram illustrating a state 
where each slave unit of FIG . 1 outputs an operation signal 
to a load connected to each port corresponding to a com 
mand signal from a master unit . 
[ 0036 ] FIG . 3A is an explanatory diagram of a frame 
structure of a command signal transmitted by the master unit 
of FIG . 1 to a CXPI bus , and FIG . 3B is an explanatory 
diagram of a frame structure of a delay information signal 
transmitted by the master unit of FIG . 1 to the CXPI bus . 
[ 0037 ] FIG . 4 is a flowchart illustrating a procedure of 
processing for outputting an operation signal to the load 
performed by a CPU of a microcomputer of each slave unit 
of FIG . 1 according to a program stored in a ROM . 
[ 0038 ] FIG . 5 is a flowchart illustrating a procedure of 
processing for outputting an operation signal to the load 
performed by the CPU of the microcomputer of each slave 
unit of FIG . 1 according to a program stored in the ROM . 
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[ 0039 ] FIG . 6 is a flowchart illustrating a procedure of a 
network communication method performed when a plurality 
of loads is sequentially turned on in the in - vehicle LAN 
system of FIG . 1 . 
[ 0040 ] FIG . 7 is a timing chart illustrating variation of 
potentials of the ports when the CPU of the microcomputer 
of each slave unit of FIG . 1 that has received the command 
signal of FIG . 3A outputs the operation signals from the 
ports at constant intervals . 

DETAILED DESCRIPTION 
[ 0041 ] Hereinafter , an embodiment will be described with 
reference to the drawings . FIG . 1 is an explanatory diagram 
illustrating a schematic configuration of an in - vehicle LAN 
system 1 , which is a network communication system accord 
ing to the embodiment . 
[ 0042 ] The in - vehicle LAN system 1 is a LAN system 
conforming to the Clock Extension Peripheral Interface 
( CXPI ) standard . The in - vehicle LAN system 1 is mounted 
on a vehicle as a lower level network of a higher - level LAN 
system conforming to the Controller Area Network ( CAN ) 
standard ( not illustrated ) together with the LAN system 
conforming to the CAN standard . 
[ 0043 ] The higher - level LAN system conforming to the 
CAN standard is mainly used for communication of signals 
such as a detection signal of an operation unit related to a 
traveling system including an engine , a motor , and the like , 
which is a core of a vehicle , a control signal of a load , and 
the like . On the other hand , the in - vehicle LAN system 1 , 
which is the lower - level LAN system conforming to the 
CXPI standard , is used for communication of signals such as 
a detection signal of an operation unit related to an equip 
ment system ( wiper , light ) , which has been directly con 
nected ( direct line connection ) by a wire harness , a control 
signal of a load , and the like . 
[ 0044 ] The in - vehicle LAN system 1 illustrated in FIG . 1 
includes a CXPI bus 3 conforming to the CXPI standard as 
a network . To the CXPI bus 3 , a master unit 5 as a master 
node and a plurality of slave units 7 as slave nodes are 
connected . 
[ 0045 ] The master unit 5 is also connected to a network 
( not illustrated ) of the LAN system conforming to the CAN 
standard that is at a higher level than the in - vehicle LAN 
system 1 . The master unit 5 includes a controller 51 that 
functions as a CAN controller . The controller 51 transmits a 
command signal for instructing each of the slave units 7 to 
output an operation signal for operating a load of the 
equipment system and the like to the CXPI bus 3 directed to 
the slave unit 7 . 
[ 004 ] Each of the slave units 7 includes a microcomputer 
71 and an input / output ( I / O ) interface 73 . The microcom 
puter 71 receives a signal transmitted to the CXPI bus 3 and 
performs processing corresponding to the content of the 
signal . The input / output interface 73 has a plurality of ports . 
To each of the ports , an operation unit / sensor ( input system ) 
9 and a load ( output system ) 11 of the equipment system 
arranged in the vicinity of each of the slave units 7 are 
connected . 
[ 0047 ] When operating the load 11 connected to each of 
the slave units 7 , the controller 51 of the master unit 5 
transmits a signal to the CXPI bus 3 . 
[ 0048 ] On the other hand , the microcomputer 71 of each 
of the slave units 7 receives a signal , which has been 
transmitted to the CXPI bus 3 by the controller 51 of the 

master unit 5 of FIG . 1 , from the CXPI bus 3 . In addition , 
the microcomputer 71 of each of the slave units 7 outputs an 
operation signal to the load 11 connected to each of the ports 
( output ports ) 74 - 79 of the input / output interfaces 73 cor 
responding to the content of the signal received from the 
CXPI bus 3 as needed . 
[ 0049 ] FIG . 2 is an explanatory diagram illustrating a state 
where the microcomputer 71 of each of the slave units 7 
outputs an operation signal to the load 11 connected to each 
of the ports 74 - 79 of the input / output interface 73 as needed 
corresponding to a signal from the master unit 5 . 
10050 ) Here , a frame structure of a signal transmitted to 
the CXPI bus 3 by the controller 51 of the master unit 5 will 
be described with reference to FIGS . 3A and 3B . 
[ 0051 ] In the following description , it is assumed that the 
load 11 is an illumination light source for illuminating the 
interior of the vehicle , and the microcomputer 71 outputs 
operation signals to the loads 11 to be turned on in order to 
turn on the plurality of loads 11 . In addition , in the following 
description , it is assumed that the plurality of loads 11 is 
turned on at different timings with a time difference ther 
ebetween . 
[ 0052 ] First , FIG . 3A is an explanatory diagram illustrat 
ing a frame structure of a command signal transmitted to the 
CXPI bus 3 by the controller 51 of the master unit 5 . The 
command signal is a signal that is transmitted from the 
microcomputer 71 of each of the slave units 7 to instruct the 
microcomputer 71 to output operation signals for turning on 
the loads 11 connected to the slave unit 7 to the loads 11 . 
100531 . As illustrated in FIG . 3A , the frame of the com 
mand signal has a header area , a DUTY value area , a fade 
time area , a delay area , and an output port specification area . 
10054 ] The header area is used to set identification infor 
mation of the command signal . The DUTY value area is 
used to set a value of the duty ratio corresponding to the 
brightness when the load 11 is turned on . The fade time area 
is used to set a fade time spent for transition from the 
light - off state to the light - on state when the load 11 is turned 
on . The delay area will be described later . 
[ 0055 ] The output port specification area is used to specify 
the ports 74 - 79 as instruction targets by the input / output 
interface 73 . To the ports 74 - 79 , the loads 11 , to which 
operation signals are output , are connected . 
[ 0056 ] In the in - vehicle LAN system 1 according to the 
embodiment , the plurality of slave units 7 is connected to the 
CXPI bus 3 . Therefore , it is necessary to distinguish each of 
the slave units 7 and specify each of the ports 74 - 79 . 
Therefore , in the embodiment , identification numbers that 
are serial numbers assigned to the ports 74 - 79 of the 
input / output interfaces 73 of all the slave units 7 connected 
to the CXPI bus 3 are used to specify a port 74 - 79 of any of 
the slave units 7 as an instruction target . 
[ 0057 ] In the output port specification area , the ports 
74 - 79 of the slave units 7 that are instruction targets are 
specified in an order from a port to turn on the load 11 at the 
earliest timing . 
[ 0058 ] The delay area is used to specify a difference ( delay 
time length ) between output timings of operation signals to 
be output from two of the ports 74 - 79 of the slave unit 7 that 
are instruction targets specified successively when operation 
signals for the loads 11 are sequentially output from the ports 
74 - 79 of the slave units 7 in the order specified as the 
instruction targets in the output port specification area . 
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[ 0059 ] For example , when a specified value in the delay 
area is “ 100 ” , 100 ms is specified as the delay time length . 
When a specified value in the delay area is “ O ” , this means 
that time lengths specified individually for the instruction 
targets in the specified order in a delay information signal to 
be described below is specified as delay time lengths . 
[ 0060 ] Next , FIG . 3B is an explanatory diagram illustrat 
ing a frame structure of the delay information signal trans 
mitted to the CXPI bus 3 by the controller 51 of the master 
unit 5 as needed . The delay information signal is a signal for 
specifying differences ( delay time lengths ) between output 
timings of operation signals to be output from two of the 
ports 74 - 79 of the slave unit 7 that are instruction targets 
specified successively in further detail than that can be 
specified in the delay area of the command signal of FIG . 3A 
when operation signals for the loads 11 are sequentially 
output from the ports 74 - 79 of the slave units 7 in the order 
specified as the instruction targets in the command signal . 
[ 0061 ] As illustrated in FIG . 3B , the frame of the delay 
information signal includes a header area and a plurality of 
individual delay areas . The header area is used to set 
identification information of the delay information signal . 
[ 0062 ] The individual delay area is used to individually 
specify a difference ( delay time length ) between output 
timings of operation signals to be output from two of the 
ports 74 - 79 of the slave unit 7 that are instruction targets 
specified successively for each pair of ports when operation 
signals for the loads 11 are sequentially output from the ports 
74 - 79 of the slave units 7 in the order specified as the 
instruction targets in the command signal of FIG . 3A . 
[ 0063 ] Therefore , the number of individual delay areas 
included in the delay information signal is one fewer ( n - 1 ) 
than the number ( n ) of the ports 74 - 79 of the slave unit 7 that 
are instruction targets . 
[ 0064 ] For example , in the first individual delay area , a 
time difference ( delay time length ) between output timings 
of operation signals for the loads 11 to be output from two 
of the ports 74 - 79 of the slave unit 7 that are instruction 
targets specified first and second as the instruction targets . 
Further , in the ( n - 1 ) - th individual delay area , a time differ 
ence ( delay time length ) between output timings of opera - 
tion signals for the loads 11 to be output from two of the 
ports 74 - 79 of the slave unit 7 that are instruction targets 
specified ( n - 1 ) - th and n - th as the instruction targets . 
[ 0065 ] More specifically , in a case where , for example , the 
time differences are gradually decreased in turning on of the 
loads 11 sequentially , the delay time lengths specified in the 
individual delay areas are gradually decreased from the first 
delay area toward the last delay area . On the contrary , in a 
case where , for example , the time differences are gradually 
increased in turning on of the loads 11 sequentially , the delay 
time lengths specified in the individual delay areas are 
gradually increased from the first delay area toward the last 
delay area . 
[ 0066 ] In a case where the plurality of loads 11 is sequen 
tially turned on at constant intervals , that is a delay time 
length , the controller 51 of the master unit 5 transmits only 
the command signal having a value other than “ 0 ” as the 
specified value in the delay area of FIG . 3A to the CXPI bus 

controller 51 of the master unit 5 transmits the command 
signal having a value “ 0 ” as the specified value in the delay 
area of FIG . 3A to the CXPI bus 3 . In addition , the controller 
51 of the master unit 5 transmits the delay information signal 
of FIG . 3B having the individual delay areas , the number of 
which is one fewer than the number of the loads 11 to be 
sequentially turned on , to the CXPI bus 3 before transmitting 
the command signal . 
[ 0068 ] Next , with reference to a flowchart of FIGS . 4 and 
5 , the procedure of processing for outputting the operation 
signals to the loads 11 performed by a CPU of the micro 
computer 71 according to a program stored in a ROM of the 
microcomputer 71 in each slave unit 7 of the in - vehicle LAN 
system 1 is described . The CPU of the microcomputer 71 
repeats the processing of the procedure illustrated in the 
flowchart of FIGS . 4 and 5 at predetermined intervals . 
[ 0069 ] First , as illustrated in FIG . 4 , the CPU of the 
microcomputer 71 checks whether or not a signal is received 
from the CXPI bus 3 ( step S1 ) . If the CPU has not received 
a signal ( NO in step S1 ) , the series of processing is termi 
nated . 
[ 0070 ] On the other hand , if the CPU has received a signal 
( YES in step S1 ) , the CPU checks whether or not the 
received signal is a delay information signal ( step S3 ) . The 
fact that the received signal is a delay information signal can 
be confirmed by referencing the identification information in 
the header area of the received signal . 
[ 0071 ] If the received signal is not a delay information 
signal ( NO in step S3 ) , the processing proceeds to step S11 
described later . If the received signal is a delay information 
signal ( YES in step S3 ) , the CPU acquires delay time lengths 
specified in the individual delay areas of the received delay 
information signal ( step S5 ) . 
[ 0072 ] The CPU stores the acquired delay time lengths in 
the RAM of the microcomputer 71 ( step S7 ) and sets an 
individual delay time length acquisition flag in the RAM 
( step S9 ) , and then the processing returns to step S1 . 
[ 0073 ] As illustrated in FIG . 5 , in step S11 , the CPU of the 
microcomputer 71 checks whether or not the received signal 
is a command signal . The fact that the received signal is a 
command signal can be confirmed by referencing the iden 
tification information in the header area of the received 
signal . 
[ 0074 ] If the received signal is not a command signal ( NO 
in step S11 ) , the series of processing is terminated . If the 
received signal is a command signal ( YES in step S11 ) , the 
CPU checks whether or not the instruction target specified in 
the output port specification area of the received command 
signal includes an identification number of any of the ports 
74 - 79 of the input / output interface 73 of the own slave unit 
7 that includes the microcomputer 71 ( step S13 ) . 
[ 0075 ] If the instruction target does not include an iden 
tification number of any of the ports 74 - 79 of the own slave 
unit 7 ( NO in step S13 ) , the series of processing is termi 
nated , and if the instruction target includes an identification 
number of any of the ports 74 - 79 of the own slave unit 7 ( in 
step S13 YES ) , the CPU acquires , from the received com 
mand signal , set values in the DUTY value area and the fade 
time area , a specified value in the delay area , and a specified 
content in the output port specification area ( step S15 ) . 
[ 0076 ] The CPU then acquires , from the specified content 
in the output port specification area , a specified number of 
the port 74 - 79 of the own slave unit 7 specified as the 
instruction target in the specified order ( step S17 ) . At this 

3 . 
[ 0067 ] In a case where the plurality of loads 11 is sequen 
tially turned on with individual specification of time differ 
ences ( delay time lengths ) between turning - on timings of 
two of the loads 11 to be turned on successively , the 
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unit 7 corresponds to an individual information acquisition 
unit , and step S33 of FIG . 5 performed by the CPU of the 
microcomputer 71 of the slave unit 7 corresponds to a 
determination unit . 
[ 0088 ] Next , a case where the desired loads 11 connected 
to each slave unit 7 are turned on at constant time intervals 
in the in - vehicle LAN system 1 of the embodiment will be 
described . In this case , a network communication method 
according to the procedure illustrated in the flowchart of 
FIG . 6 is performed . 
[ 0089 ] First , a transmission step is performed ( step S41 ) . 
In the transmission step , the controller 51 of the master unit 
5 transmits the command signal of FIG . 3A to the CXPI bus 

time , if a plurality of ports 74 - 79 of the own slave unit 7 are 
specified as the instruction targets , a specified number of 
each of the specified ports 74 - 79 in the specified order is 
acquired . 
[ 0077 ] Next , the CPU checks whether or not the specified 
value in the delay area acquired from the received command 
signal is “ O ” ( step S19 ) . 
[ 0078 ] If the specified value in the delay area is not “ O ” 
( NO in step S19 ) , the CPU of the microcomputer 71 
calculates an output timing of an operation signal from the 
port 74 - 79 specified in the command signal as the instruction 
target by subtracting 1 from the specified number of the port 
74 - 79 specified as the instruction target , and multiplying the 
value obtained by the subtraction by the specified value in 
the delay area acquired from the command signal ( step S21 ) . 
The processing then proceeds to step S33 described later . 
[ 0079 ] On the other hand , if the specified value in the 
delay area is “ O ” ( YES in step S19 ) , the CPU checks whether 
or not the individual delay time length acquisition flag is set 
in the RAM ( step S23 ) . 
[ 0080 ] If the individual delay time length acquisition flag 
is not set ( NO in step S23 ) , error handling such as retrans 
mission request of the delay information signal and the 
command signal is performed ( step S25 ) , and the series of 
processing is terminated . 
[ 0081 ] On the other hand , if the individual delay time 
length acquisition flag is set ( YES in step S23 ) , the CPU of 
the microcomputer 71 calculates a delay time length of each 
of the ports 74 - 79 specified as the instruction targets using 
the delay time lengths between two successive ports of the 
ports 74 - 79 specified in the individual delay areas of the 
delay information signal , which is stored in the RAM ( step 
S27 ) . 
[ 0082 ] More specifically , the CPU acquires delay time 
lengths specified in the delay information signal from the 
delay time lengths of the individual delay areas in the delay 
information signal stored in the RAM for pairs of ports 
74 - 79 specified successively in the specified order as the 
instruction targets in the command signal from a port 
specified first to each of the ports 74 - 79 of the own slave unit 
7 in the specified order . The CPU then integrates the 
acquired delay time lengths to calculate the delay time 
length for the port 74 - 79 specified as the instruction target . 
[ 0083 ] Further , the CPU deletes the delay time length of 
each individual delay area of the delay information signal 
stored in the RAM ( step S29 ) and resets the individual delay 
time length acquisition flag having been set in the RAM 
( step S31 ) , and the processing proceeds to step S33 . 
[ 0084 ] In step S33 , at the timing delayed from the recep 
tion timing of the command signal by the delay time length 
calculated in step S21 or step S27 , operation signals are 
output from the instruction target ports 74 - 79 to the loads 11 . 
After that , the series of processing ends . 
[ 0085 ] In the embodiment , step S13 in FIG . 5 performed 
by the CPU of the microcomputer 71 of the slave unit 7 
corresponds to a distinguishing unit . 
[ 0086 ] In addition , in the embodiment , step S17 of FIG . 5 
performed by the CPU of the microcomputer 71 of the slave 
unit 7 corresponds to a specified number acquisition unit , 
and step S15 of FIG . 5 performed by the CPU of the 
microcomputer 71 of the slave unit 7 corresponds to a delay 
information acquisition unit . 
[ 0087 ] Further , in the embodiment , step S5 of FIG . 4 
performed by the CPU of the microcomputer 71 of the slave 

[ 0090 ] At this time , the controller 51 of the master unit 5 
specifies the value of the turning - on interval of the loads 11 
as the delay time length in the delay area of the command 
signal . In addition , the controller 51 specifies the ports 74 - 79 
of each slave unit 7 in the output port specification area in 
the specified order corresponding to the turning - on order of 
the loads 11 . 
10091 ] When the master unit 5 transmits the command 
signal to the CXPI bus 3 , a distinguishing step is performed 
( step S43 ) following the transmission step of step S41 . 
[ 0092 ] In the distinguishing step , the microcomputer 71 of 
each slave unit 7 receives a command signal from the CXPI 
bus 3 . If any of the ports 74 - 79 of the own slave unit 7 is 
specified as the instruction target in the output port speci 
fication area of the received command signal , a specified 
number acquisition step is performed ( step S45 ) following 
the transmission step of step S41 . 
[ 0093 ] In the specified number acquisition step , in each 
slave unit 7 , the microcomputer 71 acquires the specified 
number , in the specified order , of each of the ports 74 - 79 of 
the own slave unit 7 specified as the instruction targets in the 
output port specification area of the command signal . 
[ 0094 ] When the microcomputer 71 of each slave unit 7 
acquires the specified number of each of the ports 74 - 79 
specified as the instruction targets in the output port speci 
fication area of the command signal in the specified order , a 
delay information acquisition step is performed ( step S47 ) 
following the specified number acquisition step of step S45 . 
[ 0095 ] In the delay information acquisition step , the 
microcomputer 71 of each slave unit 7 acquires the specified 
value in the delay area of the command signal . When the 
microcomputer 71 acquires the specified value in the delay 
area of the command signal , a determination step is per 
formed ( step S49 ) following the delay information acquisi 
tion step of step S47 . 
[ 0096 ] In the determination step , the microcomputer 71 of 
each slave unit 7 calculates a delay time length from the 
reception of the command signal to output of an operation 
signal by integrating the specified value in the delay area of 
the command signal having been acquired in the delay 
information acquisition step of step S47 . The number of 
times of the integration corresponds to the specified number 
( the specified number - 1 ) of the port 74 - 79 specified as the 
instruction target having been acquired in the specified 
number acquisition step of step S45 . 
[ 0097 ] When the microcomputer 71 of each slave unit 7 
calculates the delay time lengths of the ports 74 - 79 specified 
as the instruction targets , an output step is performed ( step 
S51 ) following the determination step of step S49 . 
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[ 0098 ] In the output step , the microcomputer 71 of each 
slave unit 7 outputs operation signals to the loads 11 at 
intervals specified as the delay time length specified in the 
delay area of the command signal from the ports 74 - 79 
specified as the instruction targets in the output port speci 
fication area of the command signal in the specified order of 
the instruction targets . As a result , the loads 11 connected to 
the ports 74 - 79 specified as the instruction targets are 
sequentially turned on at the intervals that are specified 
values in the delay area of the command signal 
[ 0099 ] FIG . 7 is a timing chart illustrating variation of the 
potentials of the ports 74 - 79 in association with the output 
of operation signals at constant intervals specified as the 
delay time length from the ports 74 - 79 of each slave unit 7 . 
10100 ] The timing chart of FIG . 7 illustrates a case where 
all the ports 74 to 79 of the first slave unit 7 ( ID _ 1 ) and the 
ports 74 and 75 of the second slave unit 7 ( ID 2 ) illustrated 
in FIG . 1 are specified as the instruction targets in this order 
in the output port specification area of the command signal 
of FIG . 3A . 
[ 0101 ] Thus , the first slave unit 7 ( ID _ 1 ) that has received 
the command signal transmitted from the master unit 5 to the 
CXPI bus 3 outputs a low active operation signal from the 
ports 74 - 79 specified first to sixth in the specified order 
sequentially to the loads 11 at timings with the delay time 
length specified in the delay area of the operation signal 
therebetween . 
[ 0102 ] Also , the second slave unit 7 ( ID _ 2 ) that has 
received the command signal transmitted from the master 
unit 5 to the CXPI bus 3 outputs a low active operation 
signal from the ports 74 and 75 specified seventh and eighth 
in the specified order sequentially to the loads 11 at timings 
with the delay time length specified in the delay area of the 
operation signal therebetween . 
[ 0103 ] Here , the slave unit 7 including the port 79 speci 
fied sixth as the instruction target is different from the slave 
unit 7 including the port 74 specified seventh ( the port 79 
specified sixth in the specified order is included in the first 
slave unit 7 ( ID _ 1 ) and the port 74 specified seventh in the 
specified order is included in the second slave unit 7 ( ID _ 2 ) ) . 
[ 0104 ] As described above , even if the two ports 79 and 74 
of the two slave units 7 are specified successively as the 
instruction targets in the specified order , similarly to other 
two ports specified successively as the instruction targets in 
the specified orders such as ports 74 and 75 , ports 75 and 76 , 
ports 76 and 77 , ports 77 and 78 , and ports 78 and 79 within 
the same slave unit 7 as illustrated in FIG . 7 , an operation 
signal is output at a timing delayed from the output timing 
of operation signals from the former ports 74 - 79 by the delay 
time length . 
[ 0105 ] Next , a case where desired loads 11 connected to 
each slave unit 7 are sequentially turned on with individually 
set turning - on time differences between successive two 
loads 11 in the in - vehicle LAN system 1 of the embodiment 
is described . In this case , the master unit 5 first transmits the 
delay information signal of FIG . 3B and then transmits the 
command signal of FIG . 3A to the CXPI bus 3 . 
[ 0106 ] When transmitting the delay information signal , 
the master unit 5 specifies , in the individual delay areas of 
the delay information signal , differences ( delay time 
lengths ) between output timings of an operation signal 
between two ports 74 - 79 of each slave unit 7 specified 
successively as instruction targets in the output port speci 

fication area of the command signal in the order of speci 
fication of the instruction targets . 
[ 0107 ] When transmitting the command signal , the master 
unit 5 specifies “ O ” in the delay area of the command signal 
to indicate that the value of the turning - on interval for each 
load 11 is specified in the delay information signal . The ports 
74 - 79 of each slave unit 7 are specified in the specified order 
corresponding to the turning - on order of the loads 11 in the 
output port specification area similarly to the case of turning 
on the desired loads 11 at constant intervals . 
0108 ] When the master unit 5 transmits the delay infor 
mation signal to the CXPI bus 3 , each slave unit 7 receives 
the delay information signal from the CXPI bus 3 . The 
master unit 5 then stores the specified value in each of the 
individual delay areas of the received delay information 
signal in the RAM of the microcomputer 71 . 
[ 0109 ] Thereafter , when the master unit 5 transmits a 
command signal to the CXPI bus 3 , each slave unit 7 
receives the command signal from the CXPI bus 3 . When 
any of the ports 74 - 79 of the own slave unit 7 is specified as 
instruction target in the output port specification area of the 
received command signal and the specified value in the 
delay area of the command signal is “ O ” , the microcomputer 
71 calculates the delay time length from the reception of the 
command signal to output of the operation signal using the 
specified value in each individual delay area of the delay 
information signal stored in the RAM . 
[ 0110 ] More specifically , the microcomputer 71 calculates 
the delay time length from the reception of the command 
signal to the output of the operation signal by integrating the 
specified values in the individual delay areas corresponding 
to two ports 74 - 79 specified successively that are former 
compared with the number of the instruction target in the 
output port specification area of the command signal out of 
the specified values in the individual delay areas of the delay 
information signal . 
[ 0111 ] Thus , from the ports 74 - 79 specified as the instruc 
tion targets in the output port specification area of the 
command signal , operation signals for the loads 11 are 
output at intervals individually specified in the individual 
delay areas of the delay information signal in the specified 
order of the instruction targets . Therefore , the loads 11 
connected to the ports 74 - 79 specified as the instruction 
targets are sequentially turned on at intervals individually 
specified in the individual delay areas of the delay informa 
tion signal . 
[ 0112 ] According to the in - vehicle LAN system 1 of the 
embodiment , the loads 11 can be sequentially turned on at 
different timings by outputting , to the ports 74 - 79 of the 
slave unit 7 to which the loads 11 are connected , only one 
command signal for causing operation signals to be output 
to the loads 11 without outputting a command signal at each 
timing for turning on corresponding one of the loads 11 . 
[ 0113 ] Therefore , even when the CXPI bus 3 having a 
relatively low communication speed ( communication capac 
ity ) is used , it is possible to realize network communication 
capable of transmitting a command signal for sequentially 
operating the plurality of loads 11 from the master unit 5 . 
101141 In addition , there is no need to define timings for 
outputting operation signals from the ports 74 - 79 of the 
slave unit 7 , to which two loads 11 that are subsequently 
turned on are connected by defining time differences 
between the transmission timings of the command signals 
for the ports 74 - 79 to the CXPI bus 3 . 
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[ 0115 ] Then , the output timings of the operation signals to 
two loads 11 that are to be turned on sequentially can be 
defined using the specified value specified in the delay area 
of the command signal that is transmitted to the CXPI bus 
3 once , or the specified values specified in the individual 
delay areas of the delay information signal that is transmit 
ted to the CXPI bus 3 once . 
[ 0116 ] Therefore , even when the CXPI bus 3 having a 
relatively low communication speed ( communication capac 
ity ) is used , it is possible to realize network communication 
capable of transmitting a command signal for sequentially 
operating the plurality of loads 11 with a short time differ 
ence from the master unit 5 . 
[ 0117 ] Note that the configuration in which prior to the 
command signal , the master unit 5 outputs the delay infor 
mation signal to the CXPI bus 3 to allow individual speci 
fication of the timings at which operation signals are output 
to the loads 11 from the ports 74 - 79 of the slave unit 7 in the 
individual delay areas for pairs of loads 11 to be sequentially 
turned on is not essential . 
[ 0118 ] In the embodiment , the case where the loads 11 are 
light sources that are turned on and off has been described . 
However , the present application is widely applicable to a 
case where a plurality of loads is sequentially operated at 
different timings . 
[ 0119 ] In the embodiment , the case where the plurality of 
loads 11 connected to the respective ports 74 - 79 of the 
input / output interface 73 of the slave units 7 are sequentially 
operated at different timings across the plurality of slave 
units 7 has been described . However , the present application 
is also applicable to a case where a plurality of loads 11 
connected to the respective ports 74 - 79 of the input / output 
interface 73 of one slave unit 7 are sequentially operated at 
different timings . 

1 . A network node , comprising : 
a distinguishing unit configured to distinguish whether or 

not an own output port is specified as an instruction 
target in a command signal received from a network ; 

a specified number acquisition unit configured to acquire , 
from the command signal , a specified number in a 
specified order , in the command signal , of the own 
output port distinguished by the distinguishing unit as 
the instruction target specified in the command signal ; 

a delay information acquisition unit configured to acquire 
delay information on a delay time length of an output 
timing of an operation signal for a load connected to the 
output port that is the instruction target from the 
command signal , in which the distinguishing unit has 
distinguished that the own output port is specified as 
the instruction target ; 

a determination unit configured to determine a timing at 
which the operation signal is output to the load from the 
own output port based on a reception timing of the 
command signal , in which the distinguishing unit has 
distinguished that the own output port is specified as 
the instruction target , from the network , the specified 
number acquired by the specified number acquisition 
unit , and the delay information acquired by the delay 
information acquisition unit ; and 

an output unit configured to output the operation signal to 
the load from the own output port at the timing deter 
mined by the determination unit . 

2 . The network node according to claim 1 , wherein 
the specified number acquisition unit acquires , from the 
command signal specifying a plurality of output ports 
including an output port of another network node as 
instruction targets , the specified number of the own 
output port in the specified order . 

3 . The network node according to claim 1 , further com 
prising 

an individual information acquisition unit configured to 
acquire , from a delay information signal including 
identification information of the delay information in 
header information out of signals received from the 
network , individual delay information defining , as 
delay time lengths , differences between output timings 
of two output ports specified successively out of a 
plurality of output ports specified as instruction targets 
in the command signal in the specified order of the 
instruction targets , wherein 

the distinguishing unit uses a signal including identifica 
tion information of the command signal in the header 
information received after the delay information signal 
from the network to distinguish whether or not the own 
output port is specified as an instruction target in the 
command signal , and 

in a case where the delay information acquired from the 
command signal by the delay information acquisition 
unit indicates reference of the individual delay infor 
mation , the determination unit determines a timing at 
which the operation signal is output to the load from the 
own output port using , as the delay information 
acquired by the delay information acquisition unit , 
differences of output timings of the operation signals 
defined at specified numbers that are former compared 
with the specified number acquired by the specified 
number acquisition unit in the individual delay infor 
mation acquired , by the individual information acqui 
sition unit , from the delay information signal having 
been received from the network before the command 
signal . 

4 . A network communication system , comprising : 
a master node configured to specify , as instruction targets , 

output ports to output operation signals to loads at 
different timings in an order from an output port having 
an earlier output timing of an operation signal and 
transmit a command signal to a network , the command 
signal including delay information related to delay time 
lengths of output timings of the operation signals to the 
loads connected to the output ports that are the instruc 
tion targets from the output ports ; and 

a slave node configured to receive the command signal 
from the network , wherein 

the network node according to claim 1 is used as the slave 
node . 

5 . A network communication method , comprising : 
a transmission step , performed by a master node , of 

transmitting a command signal to a network , the com 
mand signal including , in a frame , an instruction target 
field in which output ports to output operation signals 
to loads at different timings are specified as instruction 
targets in an order from an output port having an earlier 
output timing of an operation signal , and a delay 
information field in which delay information related to 
delay time lengths of output timings of the operation 
signals to the loads connected to the output ports that 
are the instruction targets from the output ports is set ; 
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a distinguishing step , performed by a slave node , of 
distinguishing whether or not an own output port is 
specified as one of the instruction targets in the instruc 
tion target field of the command signal received from a 
network ; 

a specified number acquisition step , performed by the 
slave node , of acquiring a specified number in a speci 
fied order of the own output port in the instruction 
target field of the command signal , the own output port 
having been distinguished in the distinguishing step as 
an output port specified as one of the instruction targets 
in the instruction target field of the command signal ; 

a delay information acquisition step , performed by the 
slave node , of acquiring the delay information from the 
delay information field of the command signal for 
which it has been distinguished in the distinguishing 
step that the own output port is specified as one of the 
instruction targets ; 

a determination step , performed by the slave node , of 
determining a timing for outputting the operation signal 
to the load from the own output port based on reception 
timing , from the network , of the command signal for 
which it has been distinguished in the distinguishing 
step that the own output port is specified as one of the 
instruction targets , the specified number acquired in the 
specified number acquisition step , and the delay infor 
mation acquired in the delay information acquisition 
step ; and 

an output step , performed by the slave node , of outputting 
the operation signal to the load from the own output 
port at the timing determined in the determination step . 


