
1 DESCRIPTION TRANSMITTING APPARATUS, TRANSMITTING AND RECEIVING APPARATUS,
COMMUNICATION SYSTEM, AND COMMUNICATION METHOD 5 FIELD [0001]The present
invention relates to a transmitting apparatus, a transmitting and receiving
apparatus, a communication system, and a communication method, and, more 10
particularly to a transmitting apparatus, a transmitting and receiving
apparatus, a communication system, and a communication method that can
increase communication speed by using a plurality of communication lines.
15 BACKGROUND ART [0002]In recent years, information provided to passengers
and crew members who use mobile bodies such as trains tends to increase. It
is desirable to apply a highspeed line suitable for a data capacity to a
line for 20 communicating this information data (hereinafter simply
referred to as "line"). However, the increase in speed of the line often
involves enormous investments of expenses, time, and the like for
establishment of a communication system. Therefore, as means for solving
the problem, a 25 method such as multi-link for using a plurality of
existing lines to expand a communication capacity as a whole is known. When
lines of a wireless system are applied to a communication system,
transmission rates of the lines dynamically change according to, for
example, fluctuation 30 in a peripheral environment of a mobile body.
Therefore, the multi-link by the wireless system has a problem in that, in
some case, actual transmission rates of the lines do not 



coincide with one another and band use efficiency of the  2 entire lines
falls. [0003]In the past, a multi-link communication apparatus (hereinafter
simply referred to as "communication apparatus") described in Patent
Literature 1 includes a 5 monitoring unit that monitors effective
transmission rates of wireless communication lines and a dividing unit that
allocates, based on a monitoring result, data amounts corresponding to the
effective transfer speeds of the lines to the lines. Data generated first
in a communication 10 apparatus on a transmission side is divided into data
of fixed sizes corresponding to transmission rates of initial setting
(referred to as "rated transmission rates") in the lines by the dividing
unit of the transmission side communication apparatus. The divided data
(hereinafter 15 referred to as "short data") is transmitted to the lines by
a transmitting and receiving unit. On the other hand, the actual
transmission rates of the lines are monitored by the transmitting and
receiving unit. The monitoring unit acquires the effective transmission
rates of the lines from 20 the transmitting and receiving unit every time
the short data is transmitted to the lines. When transmission data is
generated for the second or more time, the dividing unit divides this
transmission data according to the effective transmission rates obtained by
the monitoring unit. The 25 communication apparatus in the past configured
in this way realizes multi-link communication for keeping throughput of the
entire lines high. Citation List Patent Literature 30[0004]Patent
Literature 1: Japanese Patent No. 3540183 DISCLOSURE OF INVENTION 



PROBLEM TO BE SOLVED BY THE INVENTION  3 [0005]However, in the related art
described in Patent Literature 1, when communication disconnection or an
extreme transmission rate delay due to some problem occurs in a line
determined as capable of performing data 5 communication among a plurality
of lines, regardless of the fact that a line that completes transmission of
the short data related to the transmission data generated for the second or
more time is present, the transmission of this short data cannot be
completed because of the influence of 10 the line in which the failure
occurs. As a result, it is likely that the transmission of the entire lines
is stopped or is unusually slow. In other words, in a data communication
network in which a peripheral environment of a moving vehicle changes or a
data communication network 15 used by a large number of users or the like,
in some case, a communication failure for which prediction is difficult
Occurs. Therefore, only with determination based on a data transmission
result of the last time, there is a problem in that it is likely that
concurrent use of a plurality of 20 lines causes stagnation of the entire
lines to the contrary and throughput falls. [0006]The present invention has
been devised in view of the above and it is an object of the present
invention to obtain a transmitting apparatus, a transmitting and 25
receiving apparatus, a communication system, and a communication method
that can improve throughput even when communication disconnection or an
extreme delay in transmission rates occurs in a part of lines. [0007]The
present invention has been devised in view of 30 the above and it is an
object of the present invention to obtain a transmitting apparatus, a
transmitting and receiving apparatus, a communication system, and a
communication method that can improve throughput even when  



4 communication disconnection or an extreme delay in transmission rates
occurs in a part of lines. MEANS FOR SOLVING PROBLEM 5[0008]In order to
solve the aforementioned problems and attain the aforementioned object, a
transmitting apparatus that applies a multi-link system employing a logical
plurality of communication lines is constructed in such a manner as to
include a transmitting unit that transmits 10 transmission data that should
be transmitted to a receiving apparatus of a communication partner, wherein
the transmitting unit monitors changes in transmission rates of the
communication lines, calculates, based on rated transmission rates of the
communication lines, information 15 concerning changes in the rated
transmission rates, and a transmission time until the receiving apparatus
completes reception of the transmission data, fluctuating new transmission
rates of the communication lines, and determines, based on the calculated
new transmission rates, 20 allocation amounts to the communication lines of
data that should be transmitted this time. EFFECT OF THE INVENTION
[0009]According to the present invention, the 25 transmitting apparatus
includes a communication control unit that monitors states of communication
lines and calculates, every time the transmission data is transmitted by
each of the communication lines to the receiving apparatus, changing
transmission rates of the communication 30 lines and a dividing unit that
divides the transmission data transmitted to the receiving apparatus into
data amounts corresponding to transmission rates from the communication
control unit and allocates the data to the  5 communication lines. When
transmission of data allocated to a "one line" among the lines is completed
and transmission of data allocated to "the other line" is not completed,
the communication control unit transmits data 5 already transmitted to "the
other line" to the "one line" as well. Therefore, there is an effect that
it is possible to improve throughput of the entire lines even when
communication disconnection or an extreme delay in transmission rates
occurs in the other line. 10 



BRIEF DESCRIPTION OF DRAWINGS [0010][FIG. 1] FIG. 1 is a diagram of the
configuration of a communication system according to an embodiment. 15[FIG.
2] FIG. 2 is a diagram of images of division and combination of data.
[FIG. 3] FIG. 3 is a flowchart for explaining a transmission operation for
data divided according to initial setting transmission rates. 20[FIG. 4]
FIG. 4 is a flowchart for explaining a transmission operation for data
divided according to effective transmission rates.   [FIG. 5] FIG. 5 is a
diagram for explaining an operation for calculating a transmission rate
taking into account a 25 rate of change. [FIG. 6] FIG. 6 is a flowchart for
explaining a transmission operation for data divided according to
transmission rates calculated taking into account a rate of change. 30
EMBODIMENTS FOR CARRYING OUT THE INVENTION [0011]Embodiments of a
transmitting apparatus, a transmitting and receiving apparatus, a
communication  6 system, and a communication method according to the
present invention are explained in detail below with reference to the
drawings. The present invention is not limited by the embodiments.
5[0012]First Embodiment. 



(Configuration of a communication system)       FIG. 1 is a diagram of the
configuration of a communication system according to a first embodiment.
FIG. 2 is a diagram of images of division and combination of 10 data. The
communication system shown in FIG. 1 includes, as main components, a
vehicle-side transmitting and receiving apparatus (hereinafter simply
referred to as "transmitting apparatus") 10, a ground-side transmitting and
receiving apparatus (hereinafter simply referred to as 15 "receiving
apparatus") 20, and communication lines A to C. Information terminal
apparatuses (not shown) such as portable terminals and seat-fixed terminals
used by passengers and crew members are connected to the transmitting
apparatus 10. A server, other networks, and 20 the like (not shown) are
connected to the receiving apparatus 20. Further, the transmitting
apparatus 10 and the receiving apparatus 20 respectively include antennas
30 to 32 and antennas 33 to 35. The lines A to C are, for example,
communication networks through which data can be 25 transmitted and
received by radio such as a portable telephone line, a satellite
communication line, a millimeter wave communication line, and a wireless
LAN. The communication system according to this embodiment regards the
communication networks as virtual communication 30 lines, which are
regarded as a logical plurality of communication lines, and performs
communication in a multi-link system. [0013](Configuration of a
transmitting and receiving  7 apparatus) The transmitting apparatus 10
includes, as main 



components, a data input and output unit 11 and a data processing unit 12.
The processing unit 12 includes a 5 multi-communication control unit
(hereinafter simply referred to as "control unit") 15 functioning as a
transmitting unit that is opposed to the communication lines and manages
communication control by the multi-link system, a data dividing unit 13,
and a data combining unit 10 14. The input and output unit 11 outputs data
from the outside to the processing unit 12 and outputs data from the
processing unit 12 to the outside. The input and output unit 11 is an
interface for data transmitted and received by the communication system.
The input and output unit 11 15 performs, for example, conversion of a
signal format necessary for the transmitting apparatus 10 and the receiving
apparatus 20. [0014]Like the transmitting apparatus 10, the receiving
apparatus 20 includes an input and output unit 21 and a 20 processing unit
22. The processing unit 22 includes a dividing unit 23, a combining unit
24, and a control unit 25. The functions and the operations of the
components of the receiving apparatus 20 are the same as those of the
components of the transmitting apparatus 10. Therefore, 25 explanation of
the functions and the operations are omitted below. [0015]A figure shown on
the upper side of FIG. 2 is an image in which transmission data is divided
into three in the dividing unit 13. The lateral direction in the figure 30
represents an overall size of the transmission data. The longitudinal
direction of the figure represents a transmission order of the transmission
data. For example, data transmitted first is represented as "initial  8
transmission data" and data transmitted next is represented as "second time
transmission data". The "initial transmission data" and the "second time
transmission data" divided by the dividing unit 13 are respectively shown
as 5 short data al to cl and short data a2 to c2. 



[0016]Further, in the lateral direction of the figure, the sizes of the
short data al to cl of the "initial transmission data" divided according to
transmission rates of the lines A to C are shown. The short data al to cl
10 respectively have different sizes because the transmission rates of the
lines A to C are different. Similarly, the sizes of the short data a2 to c2
of the "second time transmission data" are calculated according to
effective transmission rates of the lines A to C obtained when the 15 short
data at to cl are transmitted. In this way, in some case, the sizes of the
short data at to cl are respectively different from those of the short data
a2 to c2. The same holds true for transmission data transmitted for a third
or more time. Therefore, explanation of the transmission data 20 is omitted
below. Details of the effective transmission rates are explained later.
[0017]For example, the short data al and a2 are transmitted to the
receiving apparatus 20 via the line A, the short data bl and b2 are
transmitted to the receiving 25 apparatus 20 via the line B, and the short
data cl and c2 are transmitted to the receiving apparatus 20 via the line
C. [0018]A figure on the lower side of FIG. 2 is an image in which short
data transmitted via the lines A to C are 30 combined and restored in the
combining unit 24 of the receiving apparatus 20. An operation for combining
and restoring the short data al to cl and the short data a2 to c2 in the
combining unit 24 is explained later.  9 [0019]For example, an operation
for dividing data that should be transmitted from the transmitting
apparatus 10 to the receiving apparatus 20 is explained below. When the
dividing unit 13 receives the "initial transmission data" 



5 from the input and output unit 11, the dividing unit 13 divides this
"initial transmission data" into the short data at to cl having lengths
corresponding to rated transmission rates of the lines A to C. The dividing
unit 13 adds serial numbers and flag bits, which will be 10 necessary in
combining and restoring the short data al to cl in the combining unit 24,
to the short data a1 to cl and sends the short data al to cl added with the
serial numbers and the like to the control unit 15. [0020]The control unit
15 includes three transmitting 15 and receiving units (not shown)
corresponding to the lines A to C. The transmitting and receiving units
transmit the short data al to cl, which are received from the dividing unit
13, to the receiving apparatus 20, which is opposed to the transmitting and
receiving units, via the lines A to C. 20 In the receiving apparatus 20,
when transmitting and receiving units (not shown) of the control unit 25
receive the short data al to cl, the transmitting and receiving units send
the short data al to cl to the combining unit 24. The combining unit 24
performs, based on the serial numbers, 25 combination and restoration of
the short data al to cl. The restored "initial transmission data" is output
via the input and output unit 21. Processing during data transmission from
the receiving apparatus 20 to the vehicle-side transmitting apparatus 10 is
the same as the 30 processing explained above. Therefore, explanation of
the processing is omitted. [0021]On the other hand, the control unit 15
always monitors transmission rates of the lines A to C and  10 acquires the
effective transmission rates obtained when the short data al to cl are
transmitted. The control unit 15 outputs information concerning the
acquired effective transmission rates to the dividing unit 13. When the 5
dividing unit 13 receives the "second time transmission data" from the
input and output unit 11, the dividing unit 13 divides, based on the
effective transmission rates of the lines A to C, the "second transmission
data" and adds serial numbers and the like to the divided short data a2 to
10 c2 and sends the short data a2 to c2 to the control unit 15. The control
unit 15 sends the short data a2 to c2 to the lines A to C, always monitors
the effective transmission rates of the lines A to C, and outputs
information concerning the acquired effective transmission rates to the 15
dividing unit 13. When the dividing unit 13 receives transmission data
transmitted for the third or more time, the dividing unit 13 repeats
processing same as the processing explained above. 



[0022]A state is assumed in which, in the lines A to C, 20 for example,
although transmission of the short data a2 allocated to the line A
(hereinafter referred to as "one line") is completed, because communication
disconnection, an extreme transmission rate delay, or the like occurs in
the line C (hereinafter referred to as "the other line") 25 that can
perform communication, transmission of the short data c2 allocated to the
other line C is not completed (a state in which a transmission side does
not receive ACK from a reception side). In this case, it has been confirmed
by verification of the inventor that, in the 30 related art, there are
cases in which data transmission of the entire lines A to C is stopped or
is made unusually slow. [0023]To solve such a problem, the communication
system  11 according to this embodiment has a function of temporarily
storing the short data c2 in a buffer section or the like (not shown) of
the control unit 15 and, when a failure or the like occurs in "the other
line" C, transmitting the 5 short data c2 to the "one line" A as well. In
other words, the control unit 15 has a function of transmitting the short
data c2, which is being transmitted to the other line C, to the normal "one
line" A as well. Therefore, even in a situation in which the transmission
of the short data c2 10 is substantially delayed or difficult, the control
unit 15 can read out the short data c2 from the buffer section and
automatically transmits the short data c2 to the "one line" A. [0024]The
combining unit 24 of the receiving apparatus 15 20 restores, based on the
serial numbers in the short data a2 to c2, the "second time transmission
data". The restored "second time transmission data" is transmitted to the
outside via the input and output unit 21. As a result, the communication
system according to this embodiment can 20 maintain efficiency of use of
the entire lines high and 



realize efficient data communication. The operations of the dividing unit
13 and the combining unit 24 performed when transmission data transmitted
for a third or more time is received are the same as the operations
explained above. 25 Therefore, explanation of the operations is omitted.
[0025]The operation of the communication system is explained using
flowcharts. FIG. 3 is a flowchart for explaining a transmission operation
for data divided according to initial setting transmission rates. FIG. 4 is
30 a flowchart for explaining a transmission operation for data divided
according to effective transmission rates. In FIG. 3, when the "initial
transmission data" is not present, the same processing is repeatedly
executed (No at step 310).  12 When the "initial transmission data" is
present (Yes at step S10), the dividing unit 13 divides the "initial
transmission data" into data amounts corresponding to initial setting
transmission rates of the lines (step 311). 5 The dividing unit 13 adds
serial numbers to the divided short data al to cl and sends the short data
al to cl to the control unit 15. The control unit 15 requests the lines A
to C to transmit the short data al to cl (step S12). When the line A that
completes transmission of short data 10 is present (Yes at step 313) and
the line C that does not complete transmission of short data is present
(Yes at step S14), the control unit 15 requests the line A to transmit the
short data cl (step S15). When the line A completes the transmission of the
short data cl (Yes at step 316), 15 the combining unit 24 of the receiving
apparatus 20 restores the "initial transmission data", and processing at
the next step is executed. [0026]When there is no line that has completed
transmission of the short data al to cl (No at step 313), 20 the control
unit 15 repeatedly executes the same processing until a line completes
transmission of short data. Further, 



when the transmission of short data is completed (No at step S14), the
control unit 15 executes the processing at step 316. 25[0027]In FIG. 4, the
control unit 15 always monitors transmission rates of the lines A to C.
When the short data al to cl are transmitted, the control unit 15
calculates effective transmission rates (step 320) and outputs the
effective transmission rates to the dividing 30 unit 13. When transmission
data transmitted for the second or more time, which is the next
transmission data, is present (Yes at step 321), the dividing unit 13
divides the transmission data into data amounts corresponding to the  13
effective transmission rates (step S22). The dividing unit 13 adds serial
numbers to the divided short data a2 to c2 and sends the short data a2 to
c2 to the control unit 15. The control unit 15 requests the lines A to C to
transmit 5 the short data a2 to c2 (step S23). When the line A that has
completed transmission of short data is present (Yes at step 324) and the
line C that has not completed transmission of short data is present (Yes at
step 325), the control unit 15 requests the line A to transmit the 10 short
data c2 (step S26). When the line A has completed the transmission of the
short data c2 (Yes at step 327), the combining unit 24 of the receiving
apparatus 20 restores transmission data. The dividing unit 13 and the
control unit 15 repeat the processing at step S20 and 15 subsequent steps
until no transmission data is left. When transmission data transmitted for
the second or more time is not present (No at step S21), the dividing unit
13 and the control unit 15 end the processing. [0028]When there is no line
that has completed 20 transmission of short data (No at step S24), the
control unit 15 repeatedly executes the same processing until a line
completes transmission of short data. Further, when the transmission of
short data is completed (No at step S25), the control unit 15 executes the
processing at step 25327. [0029]The effective transmission rates indicate
actual 



transmission rates of transmission performed once or a plurality of times
in, among a communication line that has completed transmission of
transmission data and a 30 communication line that has completed
transmission of transmission data, the communication line that has
completed the transmission. As an example in which transmission data is
divided using the actual transmission  14 rates, the control unit 15
calculates, based on an average value calculated as an average of the
actual transmission rates of transmission performed a plurality of number
of times in the line that has completed transmission, 5 fluctuating new
transmission rates of the lines. As another example, the control unit 15
calculates, based on actual transmission rates of the last time in the line
that has completed transmission, fluctuating new transmission rates of the
lines. 10[0030]The initial transmission data is divided according to the
rated transmission rates. However, the initial transmission data can be
divided using the actual transmission rates instead of the rated
transmission rates. The communication system according to this embodiment
is 15 not limited to the three lines A to C and the three short data a to
c. The lines A to C of the wireless system are applied to the communication
system. However, communication lines of a wired system can also be applied.
[0031]In the above explanation, the control unit 20 transmits the data
transmitted to the line C to only the line A. However, the present
invention is not limited to this. For example, when a "one communication
line" that has completed transmission of short data is present and one or a
plurality of other communication lines that have not 25 completed
transmission of short data are present, the control unit 15 can transmit
short data transmitted to a slowest communication line among "the other
communication lines" to the "one communication line" as well. When one or a
plurality of "one communication lines" that have 30 completed transmission
of short data are present and "the other communication line" that has not
completed transmission of short data is present, the control unit 15 can
transmit short data transmitted to "the other  



15 communication line" to a fastest communication line among the "one
communication lines" as well. [0032]As explained above, the communication
system according to this embodiment includes the control unit 15 5 that
monitors states of the communication lines and calculates, every time data
that should be transmitted to the receiving apparatus 20 is transmitted to
the communication lines, fluctuating transmission rates of the
communication lines and the dividing unit 13 that divides 10 the data that
should be transmitted to the receiving apparatus 20 into data amounts
corresponding to the transmission rates received from the control unit 15
and allocates the data amounts to the communication lines. When
transmission of short data allocated to a "one line" 15 is completed and
transmission of short data allocated to "the other line" is not completed,
the short data of the other lines are transmitted to the "one line" as
well. Therefore, even when communication disconnection or an extreme
transmission rate delay occurs in the other line 20 that is transmitting
short data, it is possible to improve throughput of the entire lines.
[0033]Second Embodiment.       The communication system according to the
first embodiment is configured to transmit data divided according 25 to
effective transmission rates to the lines. However, a communication system
according to a second embodiment is configured to transmit data divided
according to transmission rates calculated taking into account a rate of
change. 30[0034]Components and operations different from those of the
communication system according to the first embodiment are explained below
with reference to FIGS. 1, 3, and 4 and FIGS. 5 and 6 referred to later.
When first time  16 transmission data equivalent to the "initial
transmission data" is transmitted to the lines A to C, the control unit 15
calculates "effective transmission rates calculated last time". When the
dividing unit 13 receives second time 



5 transmission data, the dividing unit 13 divides, based on the "effective
transmission rates calculated last time", the second time transmission
data. When the divided data are transmitted to the lines A to C, the
control unit 15 calculates "effective transmission rates calculated this 10
time". When the dividing unit 13 receives third time transmission data, the
dividing unit 13 divides, based on the "effective transmission rates
calculated this time", the third time transmission data. The divided data
are transmitted to the receiving apparatus 20 via the control 15 unit 15
and the lines in the same manner as explained above. [0035]Operations
performed when fourth time transmission data, which is data that should be
transmitted this time, is received are explained below. FIG. 5 is a diagram
for explaining an operation for calculating a 20 transmission rate taking
into account a rate of change. In the control unit 15, AT1 as a
transmission time until a receiving apparatus completes reception of
initial transmission data, AT2 as a transmission time until the receiving
apparatus completes reception of second time 25 transmission data, and AT3
as a transmission time until the receiving apparatus completes reception of
third time transmission data are defined. Further, in the control unit 15,
a deviation between a transmission rate in transmission of the initial
transmission data and an 30 "effective transmission rate calculated last
time" is defined as AV1 and a deviation between the "effective transmission
rate calculated last time" and an "effective  17 transmission rate
calculated this time" is defined as AV2. [0036]The control unit 15
calculates a rate of change f (the transmission time AT3 and the deviation
AV2), which is information concerning a change in a rated transmission 5
rate, according to the transmission times and the deviations defined as
explained above. Further, the control unit 15 calculates a "transmission
rate calculated taking into account a rate of change", which is a new
transmission rate for dividing "fourth time transmission 



10 data" into short data of optimum sizes, according to a calculation
"rated transmission rate - rate of change f". When the dividing unit 13
receives the "fourth time transmission data" from the input and output unit
11, the dividing unit 13 divides, based on the "transmission rate 15
calculated taking into account a rate of change", the "fourth time
transmission data" into short data and adds serial numbers and the like to
the divided data and transmits the divided data to the control unit 15.
When the control unit 15 and the dividing unit 13 receive 20 transmission
data transmitted for a fifth or more time, the control unit 15 and the
dividing unit 13 repeat processing same as the processing explained above.
A data transmitting operation by the control unit 15 and a data combining
operation by the combining unit 24 are the same 25 as those in the first
embodiment. Therefore, explanation of the operations is omitted below.
[0037]FIG. 6 is a flowchart for explaining a transmission operation for
data divided according to transmission rates calculated taking into account
a rate of 30 change. The flowchart of FIG. 6 follows the flowchart of FIG.
3. Contents of the flowchart are specifically explained below. [0038]At
step S22 in FIG. 4, the dividing unit 13  18 divides "second time
transmission data" and "third time transmission data" into data amounts
corresponding to effective transmission rates. At step S27, the control
unit 15 transmits divided short data to the lines A to C. 5[0039]In FIG. 6,
the control unit 15 always monitors transmission rates of the lines A to C.
When the short data are transmitted, the control unit 15 calculates
"transmission rates calculated taking into account a rate of change" (step
830) and outputs the transmission rates to 10 the dividing unit 13. When
transmission data transmitted for a fourth or more time, which is the next
transmission data, is present (Yes at step 831), the dividing unit 13
divides the transmission data into data amounts corresponding to the
transmission rates (step 832). 15 Operations at steps 833 to 837 are the
same as the operations at step 823 to 827 in FIG. 4. Therefore, explanation
of the operations is omitted. 



[0040]In the above explanation, as an example, the operation in calculating
the rate of change f and 20 transmission rates for the "fourth time
transmission data" is explained. However, an operation for transmission
data transmitted for the fifth or more time is the same.  [0041]In the
calculation of the rate of change f, only the transmission time AT3 and the
deviation AV2 are used. 25 However, larger numbers of transmission times AT
and deviations AV can be used. In the above explanation, the rate of change
f is calculated according to only the transmission time AT and the
deviation AV. However, if other coefficients or the like are added and
values of the 30 rate of change f are more finely set, further throughput
improvement can be expected. [0042]As explained above, with the
communication system  19 according to this embodiment, the rate of change f
is calculated based on the transmission time AT and the deviation AV of
data transmitted in the past and transmission rates are calculated
according to rated 5 transmission rates and the rate of change f.
Therefore, the data dividing unit 13 can divide transmission data according
to optimum transmission rates calculated with the rated transmission rates
set as references. Even when communication disconnection or an extreme
transmission rate 10 delay occurs in a line that is transmitting data, like
the communication system according to the first embodiment, it is possible
to improve throughput. [0043]The configuration of the communication system
explained in this embodiment indicates an example of 



15 contents of the present invention. It goes without saying that the
configuration can also be combined with another publicly-known technology
or can be changed, for example, a part of the configuration can be omitted
without departing from the spirit of the present invention. 20 Industrial
Applicability [0044]As explained above, the present invention can be
applied to a transmitting apparatus, a transmitting and receiving
apparatus, a communication system, and a 25 communication method that can
improve communication speed by using a plurality of communication lines. In
particular, the present invention is useful as an invention that can
realize efficient data communication when communication disconnection or an
extreme transmission rate delay occurs 30 in a part of the lines. REFERENCE
SIGNS LIST [0045]10 VEHICLE-SIDE TRANSMITTING AND RECEIVING  20  APPARATUS



11, 21 DATA INPUT AND OUTPU UNITS  12, 22 DATA PROCESSING UNITS  13, 23
DATA DIVIDING UNITS 5 14, 24 DATA COMBINING UNITS  15, 



25 MULTI-COMMUNICATION CONTROL UNITS  20 GROUND-SIDE TRANSMITTING AND
RECEIVING APPARATUS  30, 31, 32,33,34,35ANTENNAS  A,B,C COMMUNICATION LINES
10 al, bl,cl,a2,b2,c2SHORT DATA  21 CLAIMS 



1. A transmitting apparatus that applies a multi-link system employing a
logical plurality of communication lines, the transmitting apparatus
comprising a transmitting unit 5 that transmits transmission data that
should be transmitted to a receiving apparatus of a communication partner,
wherein      the transmitting unit monitors changes in transmission rates
of the communication lines, calculates, based on 10 rated transmission
rates of the communication lines, information concerning changes in the
rated transmission rates, and a transmission time until the receiving
apparatus completes reception of the transmission data, fluctuating new
transmission rates of the communication 15 lines, and determines, based on
the calculated new transmission rates, allocation amounts to the
communication lines of data that should be transmitted this time.  2. A
transmitting apparatus that applies a multi-link 20 system employing a
logical plurality of communication lines, the transmitting apparatus
comprising a transmitting unit that transmits transmission data that should
be transmitted to a receiving apparatus of a communication partner, wherein
25the transmitting unit monitors changes in transmission rates of the
communication lines, calculates, based on an average value calculated as an
average of actual transmission rates of transmission performed a plurality
of number of times in, among a communication line that has not 30 completed
transmission of the transmission data and communication line that has
completed transmission of the transmission data, the communication line
that has completed the transmission, fluctuating new transmission  22 rates
of the communication lines, and determines, based on the calculated new
transmission rates, allocation amounts to the communication lines of data
that should be transmitted this time. 5 



3. A transmitting apparatus that applies a multi-link system employing a
logical plurality of communication lines, the transmitting apparatus
comprising a transmitting unit that transmits transmission data that should
be transmitted 10 to a receiving apparatus of a communication partner,
wherein       the transmitting unit monitors changes in transmission rates
of the communication lines, calculates, based on actual transmission rates
of the last time in, among a 15 communication line that has not completed
transmission of the transmission data and a communication line that has
completed transmission of the transmission data, the communication line
that has completed the transmission, fluctuating new transmission rates of
the communication 20 lines, and determines, based on the calculated new
transmission rates, allocation amounts to the communication lines of data
that should be transmitted this time.  4. The transmitting apparatus
according to any one of 25 claims 1 to 3, wherein the transmitting unit
transmits, when a one communication line that has completed transmission of
the transmission data is present and one or a plurality of the other
communication lines that have not completed transmission of the
transmission data are present, 30 data transmitted to a slowest
communication line among the other communication lines to the one
communication line as well.  23  5. The transmitting apparatus according to
any one of claims 1 to 3, wherein the transmitting unit transmits, when one
or a plurality of one communication lines that have completed transmission
of the transmission data are 5 present and the other communication line
that has not completed transmission of the transmission data are present,
data transmitted to the other communication line to a fastest communication
line among the one communication lines as well. 10  6. A transmitting and
receiving apparatus that applies a multi-link system employing a logical
plurality of communication lines, the transmitting and receiving apparatus
comprising: 



15a transmitting unit that transmits transmission data that should be
transmitted to a receiving apparatus of a communication partner; and
a receiving unit that receives data transmitted from a transmitting
apparatus of a communication partner, 20wherein the transmitting unit
monitors changes in transmission rates of the communication lines,
calculates, based on rated transmission rates of the communication lines,
information concerning changes in the rated transmission 25 rates, and a
transmission time until the receiving apparatus completes reception of the
transmission data, fluctuating new transmission rates of the communication
lines, and determines, based on the calculated new transmission rates,
allocation amounts to the communication 30 lines of data that should be
transmitted this time.  7. A transmitting and receiving apparatus that
applies a multi-link system employing a logical plurality of  24
communication lines, the transmitting and receiving apparatus comprising: a
transmitting unit that transmits transmission data     that should be
transmitted to a receiving apparatus of a 5 communication partner; and
a receiving unit that receives data transmitted from a transmitting
apparatus of a communication partner, wherein 



the transmitting unit monitors changes in transmission 10 rates of the
communication lines, calculates, based on an average value calculated as an
average of actual transmission rates of transmission performed a plurality
of number of times in, among a communication line that has not completed
transmission of the transmission data and 15 communication line that has
completed transmission of the transmission data, the communication line
that has completed the transmission, fluctuating new transmission rates of
the communication lines, and determines, based on the calculated new
transmission rates, allocation amounts 20 to the communication lines of
data that should be transmitted this time. 8.A transmitting and receiving
apparatus that applies a    multi-link system employing a logical plurality
of 25 communication lines, the transmitting and receiving apparatus
comprising:       a transmitting unit that transmits transmission data that
should be transmitted to a receiving apparatus of a communication partner;
and 30a receiving unit that receives data transmitted from a transmitting
apparatus of a communication partner, wherein the transmitting unit
monitors changes in transmission  25 rates of the communication lines,
calculates, based on actual transmission rates of the last time in, among a
communication line that has not completed transmission of the transmission
data and a communication line that has 5 completed transmission of the
transmission data, the communication line that has completed the
transmission, fluctuating new transmission rates of the communication
lines, and determines, based on the calculated new transmission rates,
allocation amounts to the communication 10 lines of data that should be
transmitted this time. 



9. The transmitting and receiving apparatus according to any one of claims
6 to 8, wherein the transmitting unit transmits, when a one communication
line that has completed 15 transmission of the transmission data is present
and one or a plurality of the other communication lines that have not
completed transmission of the transmission data are present, data
transmitted to a slowest communication line among the other communication
lines to the one communication line as 20well.  10. The transmitting and
receiving apparatus according to any one of claims 6 to 8, wherein the
transmitting unit transmits, when one or a plurality of one communication
25 lines that have completed transmission of the transmission data are
present and the other communication line that has not completed
transmission of the transmission data is present, data transmitted to the
other communication line to a fastest communication line among the one
communication 30lines as well.  26 the communication system comprising:
a transmitting apparatus including a transmission unit that transmits
transmission data that should be transmitted to a receiving apparatus of a
communication partner; and 5 a receiving apparatus including a receiving
unit that receives data transmitted from a transmitting apparatus of a
communication partner, wherein the transmitting unit monitors changes in
transmission 10 rates of the communication lines, calculates, based on
rated transmission rates of the communication lines, information concerning
changes in the rated transmission rates, and a transmission time until the
receiving apparatus completes reception of the transmission data, 15
fluctuating new transmission rates of the communication lines, and
determines, based on the calculated new transmission rates, allocation
amounts to the communication lines of data that should be transmitted this
time. 20 12. A communication system that applies a multi-link 



system employing a logical plurality of communication lines, the
communication system comprising:      a transmitting apparatus including a
transmitting unit that transmits transmission data that should be
transmitted 25 to a receiving apparatus of a communication partner; and
a receiving apparatus including a receiving unit that receives data
transmitted from a transmitting apparatus of a communication partner,
wherein the transmitting unit calculates, based on an average 30 value
calculated as an average of actual transmission rates of transmission
performed a plurality of number of times in, among a communication line
that has not completed transmission of the transmission data and a
communication  27 line that has completed transmission of the transmission
data, the communication line that has completed the transmission,
fluctuating new transmission rates of the communication lines, and
determines, based on the 5 calculated new transmission rates, allocation
amounts to the communication lines of data that should be transmitted this
time.     13. A communication system that applies a multi-link 10 system
employing a logical plurality of communication lines, the communication
system comprising:       a transmitting apparatus including a transmitting
unit that transmits transmission data that should be transmitted to a
receiving apparatus of a communication partner; and 15 a receiving
apparatus including a receiving unit that receives data transmitted from a
transmitting apparatus of a communication partner, wherein the transmitting
unit monitors changes in transmission 20 rates of the communication lines,
calculates, based on actual transmission rates of the last time in, among a
communication line that has not completed transmission of the transmission
data and a communication line that has completed transmission of the
transmission data, the 



25 communication line that has completed the transmission, fluctuating new
transmission rates of the communication lines, and determines, based on the
calculated new transmission rates, allocation amounts to the communication
lines of data that should be transmitted this time. 30  14. The
communication system according to any one of claims 11 to 13, wherein the
transmitting unit transmits, when a one communication line that has
completed  28 transmission of the transmission data is present and one or a
plurality of the other communication lines that have not completed
transmission of the transmission data are present, data transmitted to a
slowest communication line among the 5 other communication lines to the one
communication line as well.  15. The communication system according to any
one of claims 11 to 13, wherein the transmitting unit transmits, 10 when
one or a plurality of one communication lines that have completed
transmission of the transmission data are present and the other
communication line that has not completed transmission of the transmission
data is present, data transmitted to the other communication line to a 15
fastest communication line among the one communication lines as well.  16.
A communication method carried out in a transmitting apparatus that applies
a multi-link system employing a 20 logical plurality of communication
lines, the transmitting apparatus including a transmitting unit that
transmits transmission data that should be transmitted to a receiving
apparatus of a communication partner, the communication method comprising:
25a step of monitoring the transmitting unit monitoring changes in
transmission rates of the communication lines and calculating, based on
rated transmission rates of the communication lines, information concerning
changes in the transmission rates, and a transmission time until the 



30 receiving apparatus completes receiving the transmission data,
fluctuating new transmission rates of the communication lines; and a step
of the transmitting unit determining, based on  29 the calculated new
transmission rates, allocation amounts to the communication lines of data
that should be transmitted this time. 5 17. The communication method
according to claim 16, wherein the transmitting unit transmits, when a one
communication line that has completed transmission of the transmission data
is present and one or a plurality of the other communication lines that
have not completed 10 transmission of the transmission data are present,
data transmitted to a slowest communication line among the other
communication lines to the one communication line as well. 18. The
communication method according to claim 16, 15 wherein the transmitting
unit transmits, when one or a plurality of one communication lines that
have completed transmission of the transmission data are present and the
other communication line that has not completed transmission of the
transmission data is present, data 20 transmitted to the other
communication line to a fastest communication line among the one
communication lines as well. 




