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age, the transmitting terminal predicts an available
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Description

TECHNICAL FIELD

[0001] The present invention relates to a communica-
tion system, transmitting terminal and a receiving termi-
nal which implement an efficient packet delivery in a
communication environment containing a radio path.

BACKGROUND ART

[0002] The deterioration of the operating condition for
a packet communication in a wire environment is attrib-
utable to the congestion resulting from concentration of
many packets in a narrow-bandwidth path which forms
a communication bottleneck; usually, reduction in the
bandwidth is not caused by worsening of the connecting
condition of the path itself. That is, the upper limit of the
overall bandwidth available on the path is fixed. Accord-
ingly, the quality of communication between transmitting
and receiving terminals could be improved by detecting
the congestion on the path and performing delivery con-
trol in accordance with the congestion.
[0003] On the other hand, the deterioration of the op-
erating condition for a packet communication in the ra-
dio environment is affected not only by the packet con-
gestion but also by aggravation of the communication
circumstance due to a change in the connecting condi-
tion of the radio path.
[0004] Generally, the bit error rate of the communica-
tion in the radio environment is higher than that in the
wire environment, and in the packet communication a
packet containing a bit error is often regarded as invalid
(i.e., a packet loss) in its entirety. For that, in many in-
stances, an error correcting mechanism deals with the
packet loss by resending the packet being lost or send-
ing a redundant packet from the transmitting terminal in
a data link layer or lower than that layer.
[0005] With the presence of the error correcting
mechanism, however, it appears from the user side that
the actual packet loss probability is not so high as the
bit error rate. But, when the delay time by processing in
the error correcting mechanism increases, it is observed
as if a decrease in the throughput or in the available
bandwidth is caused. As a result, the available band-
width itself also undergoes variations. That is, the upper
limit of the overall bandwidth available on the path also
varies.
[0006] If the packet delivery is continued in spite of
such variations, the situation will also arise where the
packet transfer in excess of the available bandwidth
continues, which causes a further increase in the delay
or packet loss. This leads to quality deterioration of con-
tinuous media information or the like in particular which
needs to be delivered on a real-time basis.
[0007] In the radio environment the communicating
conditions become deteriorated typically when a mobile
terminal makes handover. As a delivery control scheme

adaptable to a change in the conditions of communica-
tion by handover, there is, for example, "A Traffic Control
Scheme of Live Video and Audio for PHS with a 64kbps
Bearer Service of Best Effort Type," Technical Report of
IEICE, CQ99-81 (2000-02). This scheme is to measure
RTT (Round-Trip-Time) between transmitting and re-
ceiving terminals and control the packet delivery accord-
ing to the measured RTT value.
[0008] In addition, it is also considered to utilize intact
a scheme which performs communication control ac-
cording to the congestion in the wire environment. In
particular, many systems using such a scheme monitor
the congestion by detecting the packet loss. But the
scheme based on the packet loss detection is a post-
processing type.
[0009] Since the conventional communication system
has such a configuration as described above, if the com-
municating conditions are badly deteriorated as in the
case of handover, it is possible to cope with such a sit-
uation in the postprocessing manner, but since the
bandwidth available on the radio path is undetectable,
it is impossible to perform appropriate packet delivery
control in accordance with the communication environ-
ment.
[0010] The present invention is intended to solve such
a problem as mentioned above and has for its object to
provide a communication system and a transmitting ter-
minal which permit detection of an available bandwidth
in the radio path and hence ensure an appropriate pack-
et delivery.
[0011] Furthermore, the present invention has for its
object to provide a receiving terminal which is capable
of offering information necessary for a transmitting ter-
minal to detect an available bandwidth in the radio path.

DISCLOSURE OF THE INVENTION

[0012] A communication system according to an as-
pect of the present invention has a configuration in
which the receiving terminal calculates a jitter moving
average from the transmitting and the receiving time of
each packet received by the receiving terminal and
sends the calculated jitter moving average to the trans-
mitting terminal and, based on the jitter moving average,
the transmitting terminal predicts an available band-
width on the radio path based.
[0013] With this configuration, it is possible to provide
an appropriate packet delivery in accordance with the
radio environment.
[0014] A communication system according to another
aspect of the present invention has a configuration in
which the receiving terminal sends to the transmitting
terminal a jitter moving average calculated taking only
positive-valued jitter into account and a jitter moving av-
erage calculated taking into account negative-valued jit-
ter as well as the positive-valued jitter, and the transmit-
ting terminal compares the both moving averages and
predicts an available bandwidth taking the result of com-
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parison into account.
[0015] With this configuration, it is possible to make
an accurate prediction of the available bandwidth in the
radio path.
[0016] A communication system according to another
aspect of the present invention has a configuration in
which when the jitter moving average calculated taking
account into account not only positive- but also nega-
tive-valued jitter is larger than the jitter moving average
calculated taking into account only the positive-valued
jitter, the available bandwidth is predicted based on the
jitter moving average calculated taking into account only
the positive-valued jitter.
[0017] With this configuration, it is possible to avoid
the possibility of the available bandwidth being predict-
ed narrower than in the actual condition of communica-
tion.
[0018] A communication system according to another
aspect of the present invention has a configuration In
which when the jitter moving average calculated taking
account into account not only positive- but also nega-
tive-valued jitter is smaller than the jitter moving average
taking into account only the positive-valued jitter, the
available bandwidth is predicted based on the jitter mov-
ing average of jitter calculated taking account into ac-
count not only positive- but also negative-valued jitter,
the available bandwidth is predicted based on the jitter
moving average calculated taking into account only the
positive-valued jitter, and an average of the results of
both predictions is used as a final result of prediction.
[0019] With this configuration, it is possible to de-
crease the bandwidth to a desired appropriate value
even under poor conditions of communication.
[0020] A communication system according to another
aspect of the present invention has a configuration in
which the difference between the jitter moving average
calculated taking only positive-valued jitter into account
and the jitter moving average calculated taking into ac-
count not only positive- but also negative-valued jitter
and the result of the previous prediction is updated in
accordance with the ratio of the difference to a prede-
termined threshold value.
[0021] With this configuration, it is possible to make
an accurate prediction of the available bandwidth in the
radio path.
[0022] A communication system according to another
aspect of the present invention is configured to control
the amount of packets to be sent in accordance with the
available bandwidth.
[0023] With this configuration, it is possible to send an
appropriate amount of packets.
[0024] A communication system according to another
aspect of the present invention is configured to control
the packet send interval in accordance with the available
bandwidth.
[0025] With this configuration, it is possible to send
packets at appropriate intervals.
[0026] A communication system according to another

aspect of the present invention is configured to desig-
nate a packet error correcting scheme in accordance
with the available bandwidth.
[0027] With this configuration, it is possible to use an
appropriate packet error correcting scheme.
[0028] A communication system according to another
aspect of the present invention has a configuration in
which the transmitting terminal is connected to a wire
path and the receiving terminal is connected to a radio
path.
[0029] With this configuration, it is possible to apply
the system to a communication system in which the re-
ceiving terminal is connected to the radio path.
[0030] A communication system according to another
aspect of the present invention has a configuration in
which the transmitting terminal is connected to a radio
path and the receiving terminal is connected to a wire
path.
[0031] With this configuration, it is possible to apply
the system to a communication system in which the
transmitting terminal is connected to the radio path.
[0032] A communication system according to another
aspect of the present invention has a configuration in
which transmitting and receiving terminal are both con-
nected to a radio path.
[0033] With this configuration, it is possible to apply
the system to a communication system in which the
transmitting and receiving terminals are both connected
to a radio path.
[0034] A communication system according to another
aspect of the present invention has a configuration in
which transmitting and receiving terminals are both con-
nected to a wire path and a mobile terminal is provided
in the communication environment to relay packets from
the transmitting terminal to the receiving terminal.
[0035] With this configuration, it is possible to apply
the system to a communication system in which the mo-
bile terminal is provided on the communication path to
relay packets.
[0036] A communication system according to another
aspect of the present invention has a configuration in
which the receiving terminal calculates a moving aver-
age of a reception delay time from each packet recep-
tion time and sends the calculated moving average to
the transmitting terminal and, based on the moving av-
erage of the reception delay time, the transmitting ter-
minal predicts the available bandwidth in the radio path.
[0037] With this configuration, it is possible to provide
an appropriate packet delivery in accordance with the
radio environment.
[0038] A transmitting terminal according to another
aspect of the present invention is adapted to predict the
available bandwidth on a radio path based on the jitter
moving-average received from the receiving terminal.
[0039] This provides an appropriate packet delivery
in accordance with the radio environment.
[0040] A receiving terminal according to still another
aspect of the present invention is adapted to calculate
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the jitter moving average from the time of transmission
of each packet from the transmitting terminal and the
time of reception of the packet and send the calculated
moving average to the transmitting terminal.
[0041] This makes it possible to provide information
necessary for the transmitting terminal to detect the
available bandwidth on the radio path.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042]

Fig. 1 is a block diagram illustrating a communica-
tion system according to a first embodiment of the
present invention.
Fig. 2 is an explanatory diagram showing variations
in a moving average of jitter.
Fig. 3 is a block diagram illustrating a communica-
tion system according to a fourth embodiment of the
present invention.
Fig. 4 is a block diagram illustrating a communica-
tion system according to a fourth embodiment of the
present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0043] To facilitate a better understanding of the
present invention, a detailed description will hereinafter
be given, with reference to the accompanying drawings,
of the best mode for carrying the invention.

(First Embodiment)

[0044] Fig. 1 is a block diagram illustrating a commu-
nication system according to a first embodiment of the
present invention. In fig. 1, reference numeral 1 denotes
a transmitting terminal connected to a wire path to send
packets, 2 denotes a receiving terminal connected via
a radio path to a radio base station 3 to receive packets
from the transmitting terminal 1, and 3 the radio base
station.
[0045] Reference numeral 11 denotes a radio inter-
face control part; 12 denotes a packet receiving part for
receiving packets sent from the transmitting terminal 1;
13 denotes a moving average calculating part for calcu-
lating a moving average of jitter from the time of trans-
mission of each packet and the time of reception of the
packet received by the packet receiving part 12; and 14
denotes a reception state transmitting part which sends
the moving average of jitter calculated by the moving
average calculating part 13, as a report indicating the
state of reception, to the transmitting terminal 1.
[0046] Reference numeral 21 denotes a transmission
line interface control part; 22 denotes a reception state
receiving part for receiving the report sent from the re-
ceiving terminal 2; 23 denotes a path state evaluating
part which detects the moving average of jitter from the
report received by the reception state receiving part 22

and, based on the moving average of jitter, predicts an
available bandwidth in the radio path; 24 denotes a de-
livery control part for controlling the amount of packets
to be sent and their sending interval in accordance with
the available bandwidth predicted by the path state eval-
uating part 23; and 25 a packet transmitting part for
sending packets to the receiving terminal 2 under the
control of the delivery control part 24.
[0047] Next, the operation of this embodiment will be
described below.
[0048] In the first place, when packets are sent from
the packet transmitting part 25 of the transmitting termi-
nal 1, the packet receiving part 12 of the receiving ter-
minal 2 receives the packets.
[0049] When the packet receiving part 12 starts re-
ceiving the packets, the moving average calculating part
13 of the receiving terminal 2 calculates the moving av-
erage of jitter from the time of transmission of each pack-
et and the time of packet reception. Incidentally, let it be
assumed that the information indicating the time of
packet transmission is contained in each packet being
sent.
[0050] That is, as shown below, packet transmission
and reception time intervals are detected and the trans-
mission time interval is subtracted from the reception
time interval to obtain jitter D1.

where:

R1 is an i-th packet receiving time;
Ri-1 is an (i-1)th packet receiving time;
S1 is an i-th packet transmitting time;
Si-1 is an (i-1)th packet transmitting time.

[0051] Then, after calculating the jitter Di as described
above, the moving average calculating part 13 of the re-
ceiving terminal 2 substitutes the jitter Di into the follow-
ing equation defined in RTP (Real-time Transport Pro-
tocol, RFC1889) standardized by IETF to thereby cal-
culate jitter moving average Ji concerning the i-th pack-
et.

[0052] Here, the value of jitter, even under a good
communication condition in the radio environment, may
sometimes become a large negative value when the er-
ror correcting mechanism performs bit error correcting
if a bit error arises. This is a phenomenon that occurs
because the delay caused by the error correcting mech-
anism is eliminated in the data link layer to provide
matching of the overall throughput. Since Equation (2)
performs the calculation by use of an absolute value of

Di = (Ri - Ri-1) - (Si - Si-1) (1)

Ji = Ji-1 + (|Di| - Ji-1)/16 (2)
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the jitter Di, however, even if the communication condi-
tion is good, the negative-valued jitter of a large absolute
value is judged merely as indicating that the radio path
is in a bad condition. This constitutes an obstacle to an
efficient use of the bandwidth.
[0053] In contrast thereto, when the communication
condition in the radio environment becomes worse and
the negative-valued jitter of a large absolute value be-
comes negative-valued jitter of a small absolute value
as the result of jitter having increased, the moving aver-
age calculated therefrom becomes small and the bad
communication condition may not be properly judged in
some cases.
[0054] To avoid this, when the moving average calcu-
lating part 13 of the receiving terminal 2 calculates the
jitter moving average Ji by use of Equation (2), it calcu-
lates the jitter moving average taking into account not
only negative- but also positive-valued jitter (which mov-
ing average will hereinafter be denoted by Ji*) and, at
the same time, calculates a jitter moving average taking
into account only positive-valued jitter (which moving
average will hereinafter be denoted by Ji

+). (Assume
that when jitter becomes negative-valued, the jitter mov-
ing average associated with the immediately preceding
packet is used.)
[0055] When the moving average calculating part 13
has calculated the two kinds of moving averages Ji* and
Ji

+ as mentioned above, the reception state transmitting
part 12 of the receiving terminal 2 sends the two kinds
of jitter moving averages Ji* and Ji

+, as a report indicat-
ing the reception state, to the transmitting terminal 1.
[0056] The reception state receiving part 22 of the
transmitting terminal 2 receives the report sent from the
reception state transmitting part 14 of the receiving ter-
minal 2.
[0057] When the report is received by the reception
state receiving part 22, the path state evaluating part 23
of the transmitting terminal 1 detects the jitter moving
averages Ji* and Ji

+ from the report and, based on these
jitter moving averages Ji* and Ji

+, predicts an available
bandwidth on the radio path.
[0058] More specifically, the available bandwidth on
the radio path is predicted as described below.
[0059] In the first place, the path state evaluating part
23 compares the jitter moving averages Ji* and Ji

+. At
this time, there are cases where Ji* > Ji

+ as indicated in
a time period A in Fig. 2 and where Ji* < Ji

+ as indicated
in a time period B.
[0060] In the time period A, it is considered that the
bit error correcting processing by the error correcting
mechanism on the radio path brings forward the case
where jitter takes many negative values of large abso-
lute values. Hence, it is preferable to predict the availa-
ble bandwidth based on the moving average Ji

+ rather
than to predict the available bandwidth based on the
moving average Ji*. That is, the bandwidth is calculated
substituting the moving average Ji

+ for a variable x of a
function R(x) for calculating the available bandwidth. In-

cidentally, no particular limitation is imposed on the func-
tion R(x), but the function R() disclosed in Pat. Appln.
Laid-Open Gazette No. 2001-23080, for instance, is
used.
[0061] As a result, it is possible to avoid the possibility
of the available bandwidth being evaluated to be nar-
rower than in the actual communication condition.
[0062] On the other hand, in the time period B it is
considered that jitter takes many negative values small
in absolute value; hence, it is preferable to evaluate the
moving average Ji

+ as well as Ji*. To this end, the band-
width is calculated substituting the moving average Ji*
for the variable x of the function R(x) and, at the same
time, the bandwidth is calculated substituting the mov-
ing average Ji

+ for the variable x of the function R(x).
Then, as shown below, the bandwidth R(Ji*) and the
bandwidth R(Ji

+) is averaged, and the average value R'
is determined as a final available bandwidth.

[0063] As a result, even if the communication condi-
tion is poor, when a desired bandwidth does not become
narrow, it can be reduced to an appropriate value.
[0064] When the path state evaluating part 23 pre-
dicts the available bandwidth, the delivery control part
24 of the transmitting terminal 1 controls the amount and
send interval of packets to be sent from the packet trans-
mitting part 25 in accordance with the predicted availa-
ble bandwidth. For example, if the available bandwidth
is wide, the amount of packets to be sent is increased
and the send interval is shortened, whereas when the
available bandwidth is narrow, the amount of packets to
be sent is decreased and the send interval is length-
ened.
[0065] The packet transmitting part 25 of the transmit-
ting terminal 25 sends packets to the receiving terminal
2 under the control of the delivery control part 24.
[0066] As is evident from the above, according to the
first embodiment, the receiving terminal 2 calculates the
moving average of jitter from the transmission and re-
ception times of each received packet and sends the
calculated jitter moving average to the transmitting ter-
minal 1, and the transmitting terminal 1 predicts the
available bandwidth on the radio path based on the re-
ceived jitter moving average; hence, it is possible to
make an appropriate delivery of packets in accordance
with the radio environment.

(Second Embodiment)

[0067] While the first embodiment has been de-
scribed to predict the available bandwidth on the radio
path without specifying any particular radio communica-
tion scheme, it is also considered preferable to change
the available bandwidth according to the radio commu-

R' = [R(Ji*) + R(Ji
+)]/2 (3)
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nication scheme used.
[0068] Then, a second embodiment will be described
to predict the available bandwidth taking into account
the radio communication scheme used.
[0069] In the second embodiment the transmitting ter-
minal 1 calculates a difference between a jitter moving
average calculated taking into account positive-valued
jitter alone and a jitter moving average calculated taking
into account not only the positive- but also negative-val-
ued jitter, and updates the previous predicted value in
accordance with the ratio of the difference to a prede-
termined threshold value.
[0070] More specifically, in the first place, the path
state evaluating part 23 of the transmitting terminal 1
calculates fluctuations ∆ in the available bandwidth by
substituting into the following Equation (4) the moving
averages Ji

* and Ji
+ calculated by the receiving terminal

2. Incidentally, β in Equation (4) is a threshold value pre-
set in accordance with the radio communication scheme
used.

· In the case where |Ji
* - Ji

+| < β:

· In the case where |Ji
* - Ji

+| ≥ β:

[0071] And, the path state evaluating part 23 of the
transmitting terminal 1 substitutes the fluctuations ∆ in
the available bandwidth into the following Equation (5)
to thereby predict the available bandwidth on the radio
path. Incidentally, W in Equation (5) is the previous pre-
dicted value and W' is the newly predicted available
bandwidth. Further, k is a positive constant preset in ac-
cordance with the radio communication scheme used.

(Third Embodiment)

[0072] In the first and second embodiments described
above, the delivery control part 24 of the transmitting
terminal 1 controls the amount and send interval of the
packets to be sent from the packet transmitting part 25
based on the available bandwidth predicted by the path
state evaluating part 23, but provision may also be made
for the transmitting terminal 1 to indicate a packet error
correcting scheme to the receiving terminal 2 in accord-
ance with the available bandwidth.
[0073] That is, when.the communication condition in
the radio environment becomes worse, the error cor-
recting mechanism in the data link layer or the lower lay-
er performs the error correcting processing, resulting in

∆ = | Ji
* - Ji

+| / β

∆ = 1 (4)

W' = W(1 - ∆/k) (5)

an increase in the number of packets waiting for delivery
in a base station or halfway (at a router or the like) on
the communication path; too large a number of packets
waiting for delivery causes packet losses in the base
station and halfway on the communication path. This
calls for further error correcting processing for the pack-
ets lost.
[0074] There are some methods of correcting packets
thus lost. It is possible to use, for example, a packet re-
sending method that indicates the loss of packet to the
transmitting terminal 1 and resends the packet to the
receiving terminal 2, or a method in which the transmit-
ting terminal 1 sends a packet together with redundant
information on the packet so that when the packet is lost,
the receiving terminal 2 reconfigures the packet based
on the redundant information.
[0075] The third embodiment gives attention to the lat-
ter method.
[0076] The latter method requires redundant informa-
tion about the packet that is sent from the transmitting
terminal 1, and if the number of pieces of such redun-
dant information is increased when the communication
condition becomes worse, the communication condition
is further deteriorated. Accordingly, it is effective means
to switch the packet loss correcting method to a method
which permits correction of more packets even with the
same amount of redundant information. Incidentally, in
the case of such a correction method, more pieces of
redundant information are not required but the compu-
tational complexity increases.
[0077] The third embodiment deals with the packet
loss by. switching the error correcting method to one that
enables more errors to be corrected on a step-by-step
basis in accordance with the rate of an increase in the
jitter moving average being reported. What is meant by
"enables more errors to be corrected" is that more pack-
ets can be corrected within a certain unit time.
[0078] More specifically, this embodiment calculates
the available bandwidth in the same manner as in the
first and second embodiments described above, and
sets a threshold value for the bandwidth and, when the
bandwidth exceeds the threshold value, applies a more
effective error correcting method.
[0079] When the communication condition in the radio
environment recovers, the error correcting method is
switched back to the initial one with a view to suppress-
ing the delay and computational load caused by the er-
ror correction.

(Fourth Embodiment)

[0080] While Embodiments 1 to 3 have been de-
scribed as being applied to the system in which the
transmitting terminal 1 is connected to a wire path and
the receiving terminal 2 is connected to a radio path, the
invention may also be applied to a system in which the
transmitting terminal 1 is connected to the radio path
and the receiving terminal 2 is connected to the wire

9 10
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path as shown in Fig. 3. In Fig. 3, reference numeral 15
denotes a transmission line interface control part and
26 denotes a radio interface control part.
[0081] Further, the invention may also be applied to a
system in which the transmitting and receiving terminals
1 and 2 are both connected to the radio path as depicted
in fig. 4.
[0082] Moreover, the invention may also be applied to
a system in which the transmitting and receiving termi-
nals are both connected to the wire path and a mobile
terminal is present in the communication environment
for relaying packets sent from the transmitting terminal
1 to the receiving terminal 2.

(Fifth Embodiment)

[0083] While the first to fourth embodiments have
been described as being applied to the system in which
the moving average calculating part 13 of the receiving
terminal 2 calculates the jitter moving average and the
path state evaluating part 23 of the transmitting terminal
1 predicts the available bandwidth based on the jitter
moving average, the invention is not limited specifically
thereto but may also be applied to a system in which,
for example, the moving average calculating part 13 of
the receiving terminal 2 calculates a moving average of
a reception delay time, Ri-Ri-1, from receiving times Ri
and Ri-1 of received packets and sends the calculated
moving average to the transmitting terminal 1 and,
based on the moving average of the reception delay
time, the transmitting terminal 1 predicts the available
bandwidth on the radio path. This scheme produces the
same effect as the case with the first to fourth embodi-
ments described above.

INDUSTRIAL APPLICABILITY

[0084] As described above, the communication sys-
tems according to the present invention are suitable for
implementation of an efficient packet delivery, taking in-
to account the communication condition on the commu-
nication path in the case where a radio path is contained
in the communication environment between transmit-
ting and receiving terminals.

Claims

1. A communication system which has a radio path in
a communication environment between a transmit-
ting terminal and a receiving terminal, wherein said
receiving terminal calculates a jitter moving aver-
age from the transmitting and the receiving time of
each packet received by said receiving terminal and
sends the calculated moving average to said trans-
mitting terminal; and said transmitting terminal pre-
dicts an available bandwidth on said radio path
based on the jitter moving average.

2. The communication system according to claim 1,
wherein the receiving terminal sends to the trans-
mitting terminal a jitter moving average calculated
taking positive-valued jitter into account and a jitter
moving average calculated taking negative-valued
jitter into account as well as a jitter moving average
calculated taking only positive-valued jitter into ac-
count; said transmitting terminal compares the both
moving averages and predicts the available band-
width taking the result of comparison into account.

3. The communication system according to claim 2,
wherein when the jitter moving average calculated
taking account into account not only positive- but
also negative-valued jitter is larger than the jitter
moving average taking into account only the posi-
tive-valued jitter, the available bandwidth is predict-
ed based on the jitter moving average calculated
taking into account only the positive-valued jitter.

4. The communication system according to claim 2,
wherein when the jitter moving average calculated
taking account into account not only positive- but
also negative-valued jitter is smaller than the jitter
moving average calculated taking into account only
the positive-valued jitter, the available bandwidth is
predicted based on the jitter moving average calcu-
lated taking account into account not only positive-
but also negative-valued jitter, and also the availa-
ble bandwidth is predicted based on the jitter mov-
ing average calculated taking into account only the
positive-valued jitter, and an average of the results
of both predictions is used as a final result of pre-
diction.

5. The communication system according to claim 2,
wherein the difference between the jitter moving av-
erage calculated taking only positive-valued jitter in-
to account and the jitter moving average calculated
taking into account not only positive- but also neg-
ative-valued jitter; and the result of the previous pre-
diction is updated in accordance with the ratio of the
difference to a predetermined threshold value.

6. The communication system according to claim 1,
wherein the amount of packets to be sent is control-
led in accordance with the available bandwidth.

7. The communication system according to claim 1,
wherein the packet send interval is controlled in ac-
cordance with the available bandwidth.

8. The communication system according to claim 1,
wherein a packet error correcting scheme is desig-
nated in accordance with the available bandwidth.

9. The communication system according to claim 1,
wherein the transmitting terminal is connected to a
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wire path and the receiving terminal is connected to
a radio path.

10. The communication system according to claim 1,
wherein the transmitting terminal is connected to a
radio path and the receiving terminal is connected
to a wire path.

11. The communication system according to claim 1,
wherein the transmitting terminal and the receiving
terminal are both connected to a radio path.

12. The communication system according to claim 1,
wherein the transmitting terminal and the receiving
terminal are both connected to a wire path; and a
mobile terminal is provided on the communication
environment to relay packets from the transmitting
terminal to the receiving terminal.

13. The communication system according to claim 1,
wherein the receiving terminal calculates a moving
average of a reception delay time from each packet
reception time and sends the calculated moving av-
erage to the transmitting terminal and, based on the
moving average of the reception delay time, the
transmitting terminal predicts the available band-
width on the radio path.

14. A transmitting terminal which sends packets to a re-
ceiving terminal in a communication environment
containing a radio path, wherein upon receiving a
jitter moving average from said receiving terminal,
said transmitting terminal predicts an available
bandwidth on said radio path based on the jitter
moving average.

15. A receiving terminal which receives packets from a
transmitting terminal in a communication environ-
ment containing a radio path, wherein said receiv-
ing terminal calculates a jitter moving average from
the time of transmission of each packet from the
transmitting terminal and the time of reception of the
packet and sends the calculated moving average to
the transmitting terminal.
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