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REGULATION METHOD AND APPARATUS FOR 
ATM CELL DELAY VARIATION 

BACKGROUND OF THE INVENTION 

[0001] The present invention generallyrelates to a com 
munication adaptor for reproducing cells received froman 
ATM (Asynchronous Transfer mode) network to original 
information in a multiplex communications system using an 
ATM communication method. More particularly, the present 
invention relates to a regulation method and apparatus for 
ATM cell delayvariation. 

[0002] A multiplex communications system using the 
ATM communication method performs communications in 
the folloWing manner. Information to be transferred is trans 
formed into a ?xed length short packet called a cell on the 
transmission side and then transmitted to an ATM netWork. 
A sWitch in the ATM netWork selects a transmission path 
With reference to a header in the cell, and a cell received 
fromthe ATM netWork is reproduced to original information 
on the reception side. 

[0003] In the ATM communication system as mentioned 
above, While the transmission side transmits cells at regular 
intervals, the cells may collide on the netWork When a sWitch 
transfers themto a next transmission path so that the cells 
may reach the reception side at irregular intervals, thus 
causing a delay variation in the ATM cells. This phenom 
enon is called “ATM cell delay variation” in this disclosure. 
This is a phenomenon inherent to the ATM transmission 
method and is never found in an STM (Synchronous Trans 
fer Mode) transmission method. 

[0004] For regulating the ATM cell delayvariation, the 
folloWing method may be employed. Instead of reproducing 
transferred cells to original information at the sane time they 
reach the reception side, the transferred cells are temporarily 
stored in a buffer memory, and after the lapse of a prede 
termined time from the reception of the ?rst cell in a cell 
stream generated in a burst manner, the cells are read 
fromthe buffer memory at the same intervals as they have 
been transferred from the transmission side to reproduce 
original information therefrom 

[0005] FIG. 12 is a block diagram shoWing the con?gu 
ration of an ATM cell delay variation regulation unit accord 
ing to the conventional method using a buffer memory. 
Referring speci?cally to FIG. 12, the ATM cell delay 
variation regulation unit includes a variation regulating 
buffer 11, a variation Waiting timer 12, and a read-out timer 
13. 

[0006] When the ?rst cell in a burst is transferred froma 
VPI(Virtual Path Identi?er)/VCI(Virtual Channel Identi?er) 
demultiplexing unit of the ATM netWork to the delay varia 
tion regulation unit, the variation Waiting timer 12 is started, 
and the ?rst and subsequent cells are stored in the variation 
regulating buffer 11. After a predetermined time has elapsed, 
the variation Waiting timer 12 starts the read-out timer 13. 
The cells stored in the variation regulating buffer 11 are read 
out at the same intervals as cell transmitting intervals on the 
transmission side by the read-out timer 13 and transferred to 
a cell reproduction unit. 

[0007] FIG. 13 is a timing chart representing the timing of 
cells associated With a conventional delayvariation regula 
tion method. Referring speci?cally to FIG. 13, cells are 
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delivered fromthe transmission side at delivery intervals Tb 
(a). The cells reach the cell delayvariation regulation unit 
With a varying delay amounts Td1-Td5 Which are respec 
tivelythe sum of a transmission delay Tc in the ATM netWork 

and a delayin the sWitch in the ATM netWork Tj1-Tj5 Among the transmission delay Tc and the delays Tj1-Tj5 

forming the delay amounts Td1-Td5, the transmission delay 
Tc is a ?xed amount, Whereas the delays Tj1-Tj5 in the 
sWitch are varying amounts Thus, the read-out timer-13 
reads the cells stored in the variation regulating buffer 11 at 
intervals equal to the deliveryintervals Th after a Waiting 
time TW from the time the ?rst cell in a burst reaches and is 
stored in the variation regulating buffer 11 in the delayvaria 
tion regulation unit 

[0008] For the Waiting time TW Which extends from the 
time the ?rst cell in a burst is received to the time it is read 
from the buffer 11, it is thought as a common tendency to 
employ a maximum delay time of the cell. on the other hand, 
JP-A-5-83289, laid open on Apr. 2, 1993, has proposed 
reducing the Waiting time by employing as the Waiting time 
a value calculated by subtracting a time required to repro 
duce original information from a cell from the maximum 
delay time of the cell. 

[0009] The above-mentioned cell delay regulation method 
?xedly uses a value based on the maximum delay time of the 
cell as the Waiting time Which extends from the time the ?rst 
cell is received in the buffer to the time it is read therefrom 
irrespective of a type of information. 

[0010] HoWever, When the maximum delay time of the 
cell or a time proximal to this is used as the delayvariation 
Waiting time, communications of signals sensitive to delays 
such as sound, moving images, and so on suffer from 
problems in terms of the service quality, i.e., delayed or 
tedious sound, deteriorated image quality, and so on. 

SUMMARY OF THE INVENTION 

[0011] It is an object of the present invention to provide a 
regulation apparatus for ATM cell delayvariation for insert 
ing a Waiting time betWeen the reception of cells into a 
buffer and the read-out of the same for regulating a delay 
variation, Which is capable of variablysetting the Waiting 
time corresponding to a communication type to achieve an 
appropriate communication scheme for each communication 
type. 

[0012] FIG. 1 is a block diagram illustrating the con?gu 
ration of a cell delay variation regulation unit according to 
the present invention. The cell delay variation regulation 
unit comprises, in addition to the con?guration of conven 
tional delay variation regulation unit including a variation 
regulating buffer 31 for temporarily storing cells transferred 
from a VPI/VCI demultiplexing unit, a variation Waiting 
timer 32 for controlling a Waiting time Which extends from 
the time the ?rst cell in a burst is received to the time 
read-out of cells is started fromthe variation regulating 
buffer 31, and a read-out timer 33 for controlling intervals at 
Which cells are read fromthe variation regulating buffer 31. 
The cell delayvariation regulation unit further comprises a 
latest cell preservation memory 34 for storing the latest cell 
transferred from the VPI/VCI demultiplexing unit, and a 
selector for selecting Which of the variation regulating buffer 
31 and the latest cell preservation memory 34 a cell is read 
from to be transferred to a cell reproduction unit. 
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[0013] Also, a communication type discrimination unit 36 
arranged internal or external to the cell delayvariation regu 
lation unit is provided With an information kind discrimi 
nation function for discriminating a communication type in 
a call set-up phase upon starting communications and for 
setting to the variation Waiting timer 32 the Waiting time 
Which extends from the time the ?rst cell in a burst is 
received to the time read-out is started from the variation 
regulating buffer 31 corresponding to the discriminated 
communication type (from steps S101 to S108 in FIG. 8). 

[0014] Further, the cell delay variation regulation unit 
comprises a dummy cell inserting unit for inserting the last 
reaching cell as a dummy cell When the variation Waiting 
time fails to regulate a cell delaytime in a communication of 
sound or moving images (provided by the latest cell pres 
ervation memory 34 and the selector 35). 

[0015] According to the present invention, the communi 
cation type discrimination function discriminates, in a call 
set-up phase upon starting a communication, Whether the 
communication to be performed is associated With sound, 
moving images or the like Which are largelyaffected by 
delayed cells, With a ?le transfer or the like Which is 
largelyaffected by lost cells but not affected so much by 
delayed cells, or With remote terminal processing or the like 
Which is largely affected both by delayed cells and by lost 
cells. The communication type discrimination function also 
calculates a variation Waiting time in accordance With the 
communication type based on the result of the discrimina 
tion, and sets the calculated variation Waiting time to the 
variation Waiting timer 32, so that an appropriate commu 
nication quality can be provided for each communication 
type. 

[0016] Also, since the dummy cell inserting unit can insert 
the last reaching cell as a dummy cell, When the variation 
Waiting time fails to regulate a cell delay time in a commu 
nication of sound, moving images, or the like, to prevent 
interrupted sound or moving image information, deteriora 
tion of the quality can be minimiZed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a block diagram shoWing the con?gura 
tion of a cell delay variation regulation unit according to the 
present invention; 

[0018] FIG. 2 is a block diagram shoWing the con?gura 
tion of an ATM multiplex communications system to Which 
the present invention is applied; 

[0019] FIG. 3 is a block diagram shoWing the con?gura 
tion of a multimedia terminal Which employs a regulation 
method for cell delay variation according to the present 
invention; 

[0020] FIG. 4 is a block diagram shoWing the con?gura 
tion of a cell multiplexing/demultiplexing apparatus Which 
employs the regulation method for cell delay variation 
according to the present invention; 

[0021] FIG. 5 is a block diagram shoWing the con?gura 
tion of a receiver unit in a communication adaptor; 

[0022] FIG. 6 is a How diagram representing a concept of 
a communication procedure in an ATM communication 

method; 
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[0023] FIG. 7 shoWs an example of information for 
requesting a call set-up; 

[0024] FIG. 8 is a How chart representing a procedure for 
discriminating a communication type; 

[0025] FIG. 9 is a graph shoWing an example of a distri 
bution of a cell delay time; 

[0026] FIG. 10 is a timing chart representing the timing of 
cells associated With the regulation method for cell delay 
variation according to the present invention; 

[0027] FIG. 11 is a block diagram shoWing the con?gu 
ration of an embodiment of the delay variation regulation 
unit; 
[0028] FIG. 12 is a block diagram shoWing the con?gu 
ration of a conventional cell delay variation regulation unit; 
and 

[0029] FIG. 13 is a timing chart representing the timing of 
cells associated With a conventional regulation method for 
cell delay variation. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] The present invention Will hereinafter be described 
in connection With preferred embodiments thereof With 
reference to the accompanying draWings. FIG. 2 shoWs an 
exemplary con?guration of an ATM multiplex communica 
tions system to Which the present invention is applied. 
Referring speci?cally to FIG. 2, an ATM netWork 41 
includes multimedia terminals 42, and ordinary terminals 43 
connected to a cell multiplexing/demultiplexing apparatus 
44. 

[0031] The ATM netWork 41, including a plurality of 
sWitches 45 and transmission paths (not shoWn) for con 
necting these sWitches 45, serves to direct cells transferred 
from an apparatus connected to the netWork to another 
apparatus. 

[0032] Each of the multimedia terminals 42, Which is 
capable of per se transforming information to be transmitted 
into cells, multiplexing the cells, demultiplexing received 
multiplexed cells, and reproducing information, is directly 
connected to the ATM netWork 41. 

[0033] Each of the ordinary terminals 43, Which is not 
capable of per se transforming information to be transmitted 
into cells, multiplexing the cells, demultiplexing received 
multiplexed cells, and reproducing information, is con 
nected to the ATM netWork 41 through the associated cell 
multiplexing/demultiplexing apparatus 44. 

[0034] The cell multiplexing/demultiplexing apparatuses 
44 are each dedicated to transformation of information from 
the ordinary terminals 43 into cells, multiplexing of the 
cells, demultiplexing of multiplexed cells from the ATM 
netWork 41, and reproduction of information, and connected 
betWeen associated ordinary terminals 43 and the ATM 
netWork 41. 

[0035] Communications in the ATM communication sys 
tem as described above Will be explained giving some 
examples. 
[0036] A ?rst example is a communication betWeen mul 
timedia terminals. Information transmitted from a multime 
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dia terminal 42-1 is transformed into cells in the terminal 
42-1 itself, then multiplexed With different kinds of infor 
mation generated in the sane terminal 42-1, and transferred 
to the ATM network 41. In the ATM network 41, the cells are 
transferred to a multimedia terminal 42-2 through one or a 
plurality of sWitches 45. The multimedia terminal 42-2 
demultiplexes the cells transferred thereto according to the 
kind of information to reproduce original information. The 
demultiplexing and reproduction are performed in the mul 
timedia terminal 42-2 itself. 

[0037] A second example is a communication betWeen 
ordinary terminals. Information transmitted from an ordi 
nary terminal 43-1 is transferred to a cell multiplexing/ 
demult iplexing apparatus 44-1. In the cell multiplexing/ 
demultiplexing apparatus 44-1, information transferred 
fromthe terminal 431 is transformed into cells, then multi 
plexed With cells from other ordinary terminals, and trans 
ferred to the ATM netWork 41. In the ATM netWork 41, the 
cells are transferred to a cell multiplexing/demultiplexing 
apparatus 44-2 through one or a plurality of sWitches 45. The 
cell multiplexing/demultiplexing apparatus 442 demulti 
plexes cells transferred thereto to reproduce original infor 
mation, and then transfers each information to a destination 
terminal 43-2. 

[0038] Also, a communication betWeen different kinds of 
terminals, such as betWeen a multimedia terminal 42 and an 
ordinary terminal 43, may be thought as another example. 
HoWever, this case may be regarded as a combination of the 
?rst and second examples, so that detailed explanation of 
this example Will be omitted. 

[0039] A cell delay variation regulation unit according to 
the present invention is implemented in the respective 
multimedia terminals 42 for communications betWeen mul 
timedia terminals, i.e., the ?rst example, and in the respec 
tive cell multiplexing/demultiplexing apparatuses for com 
munications betWeen ordinary terminals, i.e., the second 
example. 

[0040] FIG. 3 shoWs an exemplary con?guration of the 
multimedia terminal 42 having implemented therein the cell 
delayvariation regulation unit according to the present 
invention. The multimedia terminal 42 comprises a CPU 51, 
a main memory 52, a disk interface (“interface” is herein 
after abbreviated as “I/F”) 53, a video T/F 54, a sound UP 55, 
and a communication I/F 56-1. The respective units are 
connected to each other through a common bus such that 
data communications are performed betWeen the respective 
units through the bus. 

[0041] The CPU 51 executes each application for the 
multimedia terminal and controls the respective I/F units. 
The main memory 52 stores programs executed by the CPU 
51 and data processed bythe respective units. 

[0042] The disk UP 53 is connected to a disk drive unit, 
such that data processed by the respective units is read 
fromand Written into the disk drive unit directly or through 
the main memory 52 under the control of the disk UP 53. 

[0043] The video UP 54 is connected to image input/ 
output units such as a display, a camera, and so on, While the 
sound UP 55 is connected to sound input/output units such 
as speakers, a microphone, and so on. These units control 
input/output of images and sound, respectively 
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[0044] The communication I/F 56-1 is connected to the 
ATM netWork serving as communication paths to other 
terminals, such that communications With other terminals 
are controlled by the communication I/F 56-1. 

[0045] Upon receiving cells fromthe ATM netWork, the 
communication I/F 56-1 demultiplexes multiplexed cells 
transferred fromthe ATM netWork With reference to a VPI/ 
VCI number, and reproduces original information after 
regulating a cell delayvariation. The reproduced information 
is transferred to the CPU 51 or to the main memory 52 and 
the disk UP 53 When the information is data; to the video UP 
54 When it is image; and to the sound UP 55 When it is sound. 

[0046] Conversely, upon transmitting cells to the ATM 
netWork, the communication I/F 56-1 transforms informa 
tion generated in the respective units 51-55 Within the 
terminal into cells, multiplexes the cells With other infor 
mation, and transfers them to the ATM netWork. 

[0047] In this embodiment, the cell delay variation regu 
lation unit has been described to be implemented in the 
communication I/F 56-1. Alternatively, a part or entirety of 
the cell delay variation regulation unit may be implemented 
in another location Within the multimedia terminal. 

[0048] FIG. 4 shoWs an exemplary con?guration of the 
cell multiplexing/demultiplexing apparatus 44 Which 
employs the regulation method for cell delay variation 
according to the present invention. The cell multiplexing/ 
demultiplexing apparatus 44 has a cell multiplexing/demul 
tiplexing unit 61 and a controller 62. The cell multiplexing/ 
demultiplexing apparatus 44 further has a sound adaptor 
56-2, a moving image adaptor 56-3, and a data communi 
cation adaptor 56-4 for each terminal connected thereto. 
While FIG. 4 shoWs only one set of the terminal 43-2 and 
the adaptors 56-2-56-4, the cell multiplexing/demultiplexing 
apparatus 44 actuallyincludes a number of such sets equal to 
the number of connected terminals. 

[0049] The cell multiplexing/demultiplexing unit 61 is 
connected betWeen the ATM netWork and the respective 
adaptors 56-2-56-4 for distributing multiplexed cells trans 
ferred thereto fromthe ATM netWork to the respective adap 
tors 56-2-56-4 and for multiplexing cells transferred thereto 
fromthe respective adaptors 56-2-56-4 to direct the multi 
plexed cells to the ATM netWork. 

[0050] The controller 62 controls the cell multiplexing/ 
demultiplexing unit 61 as Well as the respective adaptors 
56-2-56-4 through the cell multiplexing/demultiplexing unit 
61. 

[0051] The sound adaptor 56-2 regulates a delayvariation 
of cells transferred thereto from the cell multiplexing/de 
multiplexing unit 61 and reproduces the cells as sound 
information Which is transmitted to an associated terminal. 
The sound adaptor 56-2 also transforms sound information 
received fromthe associated terminal into cells Which are 
transferred to the cell multiplexing/demultiplexing unit 61. 

[0052] The moving image adaptor 56-3 regulates a delay 
variation of cells transferred thereto fromthe cell multiplex 
ing/demultiplexing unit 61 and reproduces the cells as 
moving image information Which is transmitted to the 
associated terminal. The moving image adaptor 56-3 also 
transforms moving image information received from the 
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associated terminal into cells Which are transferred to the 
cell multiplexing/demultiplexing unit 61. 

[0053] The data communication adaptor 56-4 regulates a 
delayvariation of cells transferred thereto fromthe cell mul 
tiplexing/demultiplexing unit 61 and reproduces the cells as 
data Which is transmitted to the associated terminal. The data 
communication adaptor 56-4 also transformed data received 
from the associated terminal into cells Which are transferred 
to the cell multiplexing/demultiplexing unit 61. 

[0054] When receiving cells fromthe ATM network, the 
cell multiplexing/demultiplexing unit 61 distributes respec 
tive multiplexed cells transferred thereto from the ATM 
netWork to corresponding one of the adaptors 56-2-56-4 
With reference to the VIN/VCI number. The respective 
adaptors 56-2-56-4 regulate a delayvariation of cells distrib 
uted thereto and reproduce original information Which is 
transferred to the associated terminal connected thereto. 

[0055] When transmitting cells to the ATM network, 
respective terminals transfer information generated therein 
to their associated adaptors 56-2-56-4. The respective adap 
tors 56-2-56-4 transforminformation received from associ 
ated terminals into cells and transfer cells to the cell mul 
tiplexing/demultiplexing unit 61 Which in turn multiplexes 
information transferred thereto from all the connected adap 
tors and transfers the multiplexed information to the ATM 
netWork. 

[0056] In this embodiment, the regulation method for cell 
delayvariation has been explained to be implemented in the 
respective adaptors 56-2-56-4 for the case of the cell mul 
tiplexing/demultiplexing apparatus. Alternatively a part or 
entirety of the cell delay variation regulation unit may be 
implemented in the cell multiplexing/demultiplexing unit 
61. 

[0057] As described above With reference to FIGS. 3 and 
4, the communication I/F 56-1 in the multimedia terminal 
and the adaptor units 56-2-56-4 have substantially the same 
basic functions and con?guration. In the folloWing, the 
communication I/F in the multimedia terminal and the 
adaptor units in the cell multiplexing/demultiplexing appa 
ratus (including a part of the multiplexing/demultiplexing 
unit) are generallyreferred to as a communication adaptor 
560 and described With reference to the same draWings. 

[0058] FIG. 5 shoWs a part of con?guration associated 
With the reception processing extracted fromthe communi 
cation adaptor in the multimedia terminal and the cell 
multiplexing/demultiplexing apparatus. The communication 
adaptor 56 is composed of a VPI/VCI demultiplexing unit 
71, delay variation regulation units 72, and cell reproduction 
units 73. 

[0059] The VPI/V CI demultiplexing unit 71 is disposed 
betWeen the ATM netWork and the delayvariation regulation 
units 72 When used for the multimedia terminal, and Within 
the cell multiplexing/demultiplexing unit When used for the 
cell multiplexing/demultiplexing apparatus, for distributing 
cells incoming from the ATM netWork to the different delay 
variation regulation units 72 in accordance With the VIN/ 
VCI number With reference to a header section in each cell. 

[0060] The delay variation regulation units 72 are con 
nected betWeen the VPI/VCI demultiplexing unit 71 and 
associated cell reproduction units 73 for regulating a delay 
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time variation of cells transferred thereto fromthe VPI/VCI 
demultiplexing unit 71 to supplythe delay variation regu 
lated cells to the associated cell reproduction units 73. 

[0061] The cell reproduction units 73 are connected 
betWeen the associated delay variation regulation units 72 
and respective units in the multimedia terminal When used 
for the multimedia terminal, and betWeen the associated 
delay variation regulation units 72 and respective terminals 
When used in the cell multiplexing/demultiplexing appara 
tus, for reproducing sound and moving images or for recon 
structing data, When cells includes data, fromthe cells trans 
ferred thereto fromthe associated delayvariation regulation 
units 72. 

[0062] FIG. 6 shoWs a concept of a communication pro 
cedure betWeen terminals in the ATM communication 
method. While in an actual communication, sWitches are 
disposed in the ATM netWork for communicating informa 
tion betWeen the sWitches and multimedia terminals or cell 
multiplexing/demultiplexing apparatus, the sWitches are 
omitted in this embodiment for simplifying the explanation. 

[0063] In the ATM communication method, communica 
tions are divided into a call set-up phase, an information 
transfer phase, and a call release phase. Generally, a multi 
media terminal sets up a plurality of calls for respective 
communication types, i.e., sound, image, and data. A call is 
identi?ed bythe VPI/V CI number. The plurality of calls are, 
hoWever, set up simultaneously in accordance With a single 
call set-up request froma user. 

[0064] A source terminal sets up a plurality of calls for 
respective communication types. In the call set-up phase of 
each call set-up, the source terminal informs a destination 
terminal of information including the kind and transmission 
speed of a communication to be performed in the informa 
tion transfer phase, a required service qualitytherefor, and so 
on (1) (FIG. 6). 
[0065] A destination terminal receiving the call setup 
request determines in response thereto Whether or not the 
communication is available, and returns a response to the 
source terminal 

[0066] If it is determined that the communication is avail 
able in the call set-up phase, the source terminal acquires a 
VPI/VCI number for the communication to be performed in 
the next information transfer phase. 

[0067] In the information transfer phase information is 
transferred under speci?ed conditions using the VHIVCI 
number acquired in the call set-up phase Upon com 
pleting the transfer of the information, the next call release 
phase is entered. 

[0068] In the call release phase, the source terminal trans 
mits a call release request to the destination terminal (4), and 
the destination terminal returns a response to the call release 
request to the source terminal (5), Whereby the used VPI/ 
VCI is released to end the communication. 

[0069] FIG. 7 shoWs an example of the contents of a call 
set-up request transmitted from a source terminal to a 
destination terminal in the call set-up phase. While the 
standardiZation of the call set-up request, Which is made 
during the call set-up phase, is noW in progress, and its 
details are not yet de?nite, it is assumed in this embodiment 
that parameters including the communication type, trans 
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mission speed, acceptable cell loss probability and so on are 
passed in each communication direction, i.e., up-streamand 
doWn-stream directions. Set as communication type param 
eters are a parameter indicative of Whether a type bf a 
communication to be performed involves sound, moving 
image or data, and a parameter, Which is set When the kind 
is a data communication, indicative of Whether the commu 
nication involves a ?le transfer, remote terminal processing, 
or any other processing. Generally, the same value is set for 
both communication types of the up-stream and doWn 
stream directions. When the communication type is sound or 
moving image, a cell delay variation Waiting time may be 
calculated from such parameters as the transmission speed 
and acceptable cell loss probability 

[0070] In this embodiment, the source terminal and the 
destination terminal respectively acquire information such 
as the kind and transmission speed of communication, a 
requested quality and so on, arbitrated betWeen the terminals 
in each communication direction in the call set-up phase, 
and calculate a Waiting time required to regulate a delay 
variation. 

[0071] FIG. 8 shoWs an example of a procedure for 
discriminating a communication type. In this embodiment, 
the folloWing three kinds of communications are assumed: a 
communication of sound, moving image, and so on Which is 
largely affected by delays; a communication such as a ?le 
transfer or the like Which does not permit lost cells but 
accepts delay to a certain degree; and a communication such 
as remote terminal processing Which is largely affected by 
delays and do not accept any lost cells. It should be noted 
hoWever that this embodiment does not limit the kinds of 
communications Which can be handled bythe present inven 
tion to the assumed three. 

[0072] Referring speci?cally to FIG. 8, it is ?rst deter 
mined from information acquired from a call set-up request 
Whether the communication type parameter indicates a 
sound or moving image communication or a computer data 
communication (S102). 

[0073] If the result of the determination at step S102 
shoWs that the communication type is sound or moving 
images, a variation Waiting time is calculated from param 
eters such as the transmission speed, acceptable cell loss 
probability, and so on (S104). Aspeci?c calculation method 
for the variation Waiting time Will be described later. 

[0074] On the other hand, if the result of the determination 
at step S102 shoWs that the communication type is a 
computer data communication, it is further determined from 
the communication type parameter Whether the computer 
data communication involves a ?le transfer or the like, 
Which generates information in a burst inner, or remote 
terminal processing or the like Which randomly generates 
information (S103). 

[0075] If the result of the determination at step S103 
shoWs that the communication type is a ?le transfer, a 
maximum cell delay time, Which is assured by the provider 
of the ATM netWork, is used as the variation Waiting time 
(S105). This maximum cell delay time may be previously set 
in a memory provided in the delayvariation regulation unit 
or nay be a parameter set When a call is set up. 

[0076] On the other hand, if the result of the determination 
at step S103 shoWs that the communication type is remote 
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terminal processing, a value of Zero is used as the variation 
Waiting time (S1106). In other Words, When the communi 
cation type is remote terminal processing, received cells are 
immediately transferred to the cell reproduction unit Without 
inserting any Waiting time. 

[0077] Finally, the variation Waiting time thus calculated 
is set to the variation Waiting timer (S107). 

[0078] FIG. 9 is a graph shoWing an example of a distri 
bution of the cell delay time. As previously described, a 
delay time occurring to a cell transferred to a destination 
terminal varies depending on a transfer Waiting time in a 
sWitch caused by a variation in traffic in the ATM netWork. 
HoWever, the graph representing the delaytime distribution 
shoWs that the delaytime concentrates around a certain value 
depending on the characteristic of the ATM netWork and that 
a larger delaytime occurs less frequently 

[0079] Incidentally, since the quality of communications 
for sound, moving image, and so on is largely affected by 
delayed cells but does not suffer so much from lost cells to 
some degree, a general acceptable cell loss probability has 
previously been determined. For example, the acceptable 
cell loss probability for sound is set to approximately 104. 

[0080] From the above-mentioned fact, When the cell 
delaytime is represented by the distribution illustrated in 
FIG. 9, a time TW may be selected as a Waiting time for 
regulating a cell delayvariation, such that an area de?ned by 
the distribution curve, the delaytime axis and a vertical line 
passing the time TW is equal to or less than the acceptable 
cell loss probability. 

[0081] For example, if the distribution of the cell delay 
time folloWs the Poisson distribution, the distribution of cell 
arrival intervals is expressed by the folloWing equation: 

Fem-M) 

[0082] Where p is the acceptable cell loss probability, 1/9» 
is an average cell arrival interval, and t is a variation Waiting 
time. In this case, the variation Waiting time t is calculated 
by the folloWing equation: 

[0083] Speci?c values are actually substituted into the 
above equation for calculating the variation Waiting time t. 
Assuming that sound information is transmitted at a rate of 
64 Kbps With the acceptable cell loss probabilityp equal to 
10-4 and the cell reaching probability 9» equal to 166.7, the 
variation Waiting time t is calculated to be 55.3 ms. 

[0084] It should be noted that this embodiment has been 
described for the case Where the distribution of the cell 
delaytime folloWs the Poisson distribution, this is not 
intended to limit the type of distribution Which may be used 
for determining the variation Waiting time. 

[0085] FIG. 10 is a timing chart representing the timing of 
cells associated With the regulation method for ATM cell 
delay variation according to the present invention. 

[0086] Although cells are periodicallydelivered from a 
transmitting terminal at regular intervals Th as shoWn in 
chart (a), theyreaches a destination terminal through the 
ATM netWork at receiving intervals Tr1-Tr5 Which are not 
periodic, as shoWn in chart 
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[0087] A delay time occurring to each cell is the sumof a 
?xed transmission delay Tc and a varying delay Tj1-Tj5 due 
to an associated sWitch in the ATM network as shoWn in 
chart (c), Wherein the cell delayvariation results from the 
varying delays Tj1-Tj5. 

[0088] Chart (d) represents the read-out timing for a 
variation Waiting buffer When the communication type is 
sound or moving images, Where a variation Waiting time 
TW1 is calculated bythe above described method from the 
transmission speed and the acceptable cell loss probability 
In chart (d), cells (1), (2), (4), (5) reach the destination 
terminal Within the variation Waiting time TW1. For a cell (3) 
Which does not reach Within the variation Waiting time TW1, 
the cell (2), received previous to the cell (3) is inserted as a 
dummy cell instead of the cell (3), as Will be described later. 
In this Way the probability of not arriving a cell Within the 
variation Waiting time can be reduced to the acceptable cell 
loss probabilityor less by the calculation of the variation 
Waiting time. In addition, if a cell fails to reach Within the 
variation Waiting time, the previous cell is inserted to 
prevent the service qualityfrom being eXtremely deterio 
rated. 

[0089] Chart (e) represents the read-out timing for the 
variation Waiting buffer When the communication type is a 
?le transfer, Where the maXimum cell delay time is used for 
a variation Waiting time TW2. In chart (e), all cells reach 
Within the variation Waiting time as long as no lost cell 
occurs in the ATM netWork. 

[0090] Chart represents the read-out timing for the 
variation Waiting buffer When the communication type is 
remote terminal processing, Where the variation Waiting 
time is set to Zero such that the read-out is started as soon as 
each cell reaches the buffer. In chart (f), all cells reaching the 
buffer can be delivered to the cell reproduction unit. 

[0091] FIG. 11 shoWs an embodiment of the delay varia 
tion regulation unit according to the present invention. 

[0092] The delay variation regulation unit 72 includes a 
variation regulating buffer 131; a variation Waiting timer 
132; a read-out timer 133; a latest cell preservation memory 
134; a selector 135; a burst end detecting timer 137; a queue 
counter 138; a burst ?ag 139; a read-out ?ag 140; gates 141 
and 142; a logical negation element 143; a logical AND 
element 144; and a burst end detecting ?ag 145. The 
delayvariation regulation unit 72 also has a CPJ 136. The 
CPU 136 may be shared With the CPU in the multimedia 
terminal or With the controller in the cell multipleXing/ 
demultipleXing apparatus. The CPU or controller may be 
provided With an input unit and a memory for inputting and 
storing a varietyof parameters. 

[0093] The variation regulating buffer 131 temporarily 
stores a plurality of cells transferred from the VPI/VCI 
demultipleXing unit for regulating a delay variation, and 
transfers the cells to the cell reproduction unit after the 
variation Waiting time has elapsed. 

[0094] The variation Waiting timer 132 controls the varia 
tion Waiting time Which is a time period Which eXtends from 
the time the ?rst cell in a burst is received by the variation 
regulating buffer 131 to the time the read-out of cells is 
started, and is started When the output of the ?ag 139 is 
turned on and stopped When it is turned off. The variation 
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Waiting timer 132 generates an output signal to turn the 
readout ?ag 140 on When a value set bythe CPU or controller 
136 is reached. 

[0095] The read-out timer 133 for controlling readout 
intervals at Which cells are read from the variation regulating 
buffer 131, is started When the output of the read-out ?ag 140 
is turned on and stopped When it is turned off. The read-out 
timer 133 generates an output signal to open the gate 141 or 
142 to read a cell from the variation regulating buffer 131 or 
fromthe latest cell preservation memory 134 as Well as to 
reset the value set therein, When a value set by the CPU or 
controller 136 is reached. 

[0096] The latest cell preservation memory 134 alWays 
preserves the latest cell incoming from the VPI/V CI demul 
tipleXing unit. 

[0097] The selector 135 selects Which of the latest cell 
preservation memory 134 and the variation regulating buffer 
131 a cell is read fromdepending on Whether the value of the 
queue counter 138 is Zero or not. 

[0098] The CPU or controller 136 eXternal to the delay 
variation regulation unit 72, as has been described With 
reference to FIGS. 6-9, identi?es the communication type in 
the call set-up phase, and sets timer values corresponding to 
the identi?ed communication type to the variation Waiting 
timer 132, the read-out timer 133, and the burst end detect 
ing timer 137, respectively. 

[0099] The queue counter 138 is incremented by one When 
a cell is stored in the variation regulating buffer 131 and 
decremented by one When a cell is read from the buffer 131 
to count the number of cells stored in the variation regulating 
buffer 131. 

[0100] The burst end detecting timer 137, for controlling 
the detection of the end of a burst, is started When the output 
of the burst end detecting ?ag 145 is turned on and stopped 
When it is turned off. The burst end detecting timer 137 
generates an output signal to turn the burst ?ag 139 and the 
read-out ?ag 140 off When a value set bythe CPU or 
controller 136 is reached. 

[0101] The burst ?ag 139 is turned on When the output of 
the queue counter 138 is not Zero and turned off When the 
burst end detecting timer 137 reaches a set value, thereby 
indicating Whether a burst is being received or not. 

[0102] The read-out ?ag 140 is turned on When the varia 
tion Waiting timer 132 reaches a set value and turned off 
When the burst end detecting timer 137 reaches a set value, 
thereby indicating Whether cells are being read fromthe 
variation regulating buffer 131 or not. 

[0103] The gates 141 and 142 utiliZe the read-out timer 
133 to control the read-out of a cell from the variation 
regulating buffer 131 and the latest cell preservation 
memory 134, respectively The burst end detecting ?ag 145 
is turned on When the output of the queue counter 138 is Zero 
and the read-out timer 133 reaches a set value, and turned off 
When the output of the queue counter 138 is not Zero, thereby 
indicating Whether the end of a burst is being detected or not. 

[0104] Next, the operation of the regulation method for 
delay variation according to the present invention, during a 
data transfer after a call set-up has been completed, Will be 
described With reference to FIG. 11 for the case Where the 
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communication type is: (1) sound or moving images; (2) a 
?le transfer; and (3) remote terminal processing, respec 
tively 
[0105] (1) Sound or Moving Images 

[0106] The CPU or controller 136, When determining that 
the communication type is sound or moving images, sets a 
time calculated from the transmission speed and the accept 
able cell loss probabilityto the variation Waiting timer 132 as 
a Waiting tire for regulating a cell delayvariation; the same 
time value as a transmission side cell delivering interval to 
the readout timer 133; and a time period from the time all 
cells are read from the variation regulating buffer 131 to the 
time the end of a burst is determined to the burst end 
detecting timer 137. 

[0107] A cell distributed by the VPI/V CI demultipleXing 
unit is inputted to the variation regulating buffer 131 and to 
the latest cell preservation memory 134. As a cell is inputted 
to the variation regulating buffer 131, the queue counter 138 
is incremented by one. Since the count value on the queue 
counter 138 changes fromZero, the burst ?ag 139 is turned 
on. 

[0108] With the burst ?ag 139 turned on, the variation 
Waiting timer 132 is started. Cells Will not be read fromthe 
variation regulating buffer 131 until the variation Waiting 
timer 132 reaches a value set by the CPU or controller 136, 
so that cells sequentiallytransferred from the VPI/V CI 
demultipleXing unit are stored in the variation regulating 
buffer 131. 

[0109] When the variation Waiting timer 132 reaches the 
value set by the CPU or controller 136, the readout ?ag 140 
is turned on to start the read-out timer 133. 

[0110] Normally, cells are read out in the folloWing man 
ner. The read-out timer 133 reaches a set value to open the 
gates 141 and 142. At this time, since the count value of the 
queue counter 138 is not Zero, the selector 135 is sWitched 
to A-side to read a cell fromthe variation regulating buffer 
131 and transfer it to the cell reproduction unit. As a cell is 
read fromthe variation regulating buffer 131, the queue 
counter 138 is decremented by one. 

[0111] Since the read-out timer 133 is reset When it 
reaches the set value, cells are alWays read out at set 
intervals as long as the read-out ?ag 140 is on. 

[0112] If no cell has reached the variation regulating buffer 
131 When the read-out timer 131 reaches the set value, the 
queue counter 138 has a count value at Zero, causing the 
selector 135 to turn to B-side to read a cell fromthe latest cell 
preservation memory 134. 

[0113] If the queue counter 137 has the count value at Zero 
When the read-out timer 133 has reached the set value, the 
burst end detecting ?ag 145 is turned on to start the burst end 
detecting timer 134. If a cell is transferred to the variation 
regulating buffer 131 While the burst end detecting timer 137 
is in operation, the count value of the queue counter 137 is 
no longer Zero, so that the burst end detecting ?ag 145 is 
turned off to stop the burst end detecting timer 137. If no cell 
is transferred to the variation regulating buffer 131 While the 
burst end detecting timer 137 is in operation, and if the burst 
end timer 137 ?nally reaches the set value, the burst ?ag 139 
and the read-out ?ag 140 are turned off, Whereby no cell is 
transferred to the cell reproduction unit until neW cells are 
transferred fromthe VPI/VCI demultipleXing unit. 

[0114] In summary, When the communication type is 
sound or moving images, if no cell reaches Within the 
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variation Waiting tie, a cell Which has reached last is inserted 
as a dummy cell, regarding that cell delays varied so large 
that the variation Waiting time Was not suf?cient to regulate 
the variation. If no cell reaches even during a predetermined 
time period after the variation Waiting tire, it is determined 
that a burst has ended. 

[0115] (2) File Transfer 

[0116] The CPU or controller 136, When determining that 
the communication type is a ?le transfer, sets a maXimum 
cell delay time assured by the provider of the ATM netWork 
to the variation Waiting timer 132 as a Waiting time for cell 
delay variation regulation; a cycle time identical to a cell 
delivery interval to the read-out timer 133; and Zero to the 
burst end detecting timer 137. 

[0117] For a ?le transfer, in a normal cell read-out opera 
tion Where cells reach the variation regulating buffer 131 
during the variation Waiting time, the cells are also read from 
the variation regulating buffer 131 in a procedure similar to 
that used for the abovementioned (1) Sound or Moving 
Images, If no cell has not been transferred to the variation 
regulating buffer 131 When the read-out timer 133 reaches 
the set value, the burst end detecting ?ag 145 is turned on to 
start the burst end detecting timer 137. HoWever, since the 
burst end detecting timer 137 is set to Zero, the burst end 
detecting timer 137 reaches the set value at the same time it 
is started to cause the burst ?ag 139 and the read-out ?ag 140 
to turn off, Wherebyno cell is transferred to the cell repro 
duction unit until neW cells are transferred fromthe VPI/VCI 
demultipleXing unit. In summary, When the communication 
type is a ?le transfer, if no cell reaches during the variation 
Waiting time, it is immediately determined that a burst has 
ended. 

[0118] (3) Remote Terminal Operation 

[0119] The CPU or controller 136, When determining that 
the communication type is remote terminal processing, sets 
Zero to all of the variation Waiting timer 132, the read-out 
timer 133, and the burst end detecting timer 137. 

[0120] For the remote terminal processing, the procedure 
fromthe distribution of cells from the VPI/V CI demultipleX 
ing unit to the start of the variation Waiting timer 132 is the 
same as that used for the above-mentioned (1) Sound or 
Moving Images. 

[0121] Since the variation Waiting timer 132 is set to Zero, 
the read-out ?ag 140 is turned on to start the read-out timer 
133 as soon as the variation Waiting timer 132 is started. 
HoWever, since the read-out timer 133 is also set to Zero, 
cells in the variation regulating buffer 131 are transferred to 
the cell reproduction unit at the same time the read-out timer 
133 is started. 

[0122] Every time a cell is read from the variation regu 
lating buffer 131, the queue counter 138 is decrenented by 
one. When the count value of the queue counter 138 
becomes Zero, the burst end detecting ?ag 145 is turned on 
to start the burst end detecting timer 137. Since the burst end 
detecting timer 137 is also set to Zero, the read-out ?ag 140 
and the burst ?ag 13 are turned off at the same time the burst 
end detecting timer 137 is started, Whereby no cell is 
transferred to the cell reproduction unit until neW cells are 
transferred from the VPI/V CI demultipleXing unit. In sum 
mary, When the communication type is remote terminal 
processing, cells are transferred to the cell reproduction unit 
as soon as theyare distributed by the VPI/VCI demultipleX 
ing unit. 
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[0123] The present invention comprises the con?guration 
and procedures as described above to acquire information 
such as the communication type, transmission speed, and so 
on from a call set-up request upon starting a communication 
and to calculate a Waiting time for regulating a delay 
variation appropriate to each communication type to provide 
a service quality Which meets requirements of each com 
munication type. 

[0124] While the above description has been made in 
connection With a multimedia communication method of a 
type Which sets up a plurality of calls for respective com 
munication types, the present invention can also be applied 
to the folloWing communication method. 

[0125] In the case that only one call is set up in a 
multimedia communication and each cell is assigned a 
communication type identi?er, cells are distributed With 
reference to the communication type identi?er included in 
each cell, in contrast With the foregoing embodiment Where 
the VPI/VCI is used to distribute cells in accordance With the 
communication type. All parameters required to any com 
munication type are set in the call set-up phase. The remain 
ing portion of the procedure is eXecuted similarly to the case 
Where a plurality of calls are established, in order to calcu 
late and set a Waiting time for regulating a delayvariation 
appropriate to each communication type. 

What is claimed is: 
1. A regulation apparatus for ATM cell delayvariation in 

an ATM (Asynchronous Transfer Mode) multipleX commu 
nications system, Wherein multimedia information including 
sound, image, and data is transformed into cells upon 
transmission and transferred in the unit of cells, and the cells 
are reproduced to original information upon reception, 
therebyperforming a communication, said apparatus com 
prising: 

a delay variation regulating buffer for temporarily storing 
cells received from an ATM netWork; a variation Wait 
ing timer for controlling a Waiting time Which eXtends 
from the time a ?rst cell is received by said delay 
variation regulating buffer to the timer read-out of cells 
is started; 

a read-out timer for controlling intervals at Which the cells 
are read out after the read-out of the cell is started; and 

communication type discriminating means for discrimi 
nating a type of a communication to be performed and 
for setting times appropriate to the discriminated com 
munication type to said variation Waiting timer and said 
read-out timer, respectively, said communication type 
discriminating means changing the Waiting time for 
regulating a delayvariation, set to said variation Waiting 
timer, depending on a discriminated communication 
type. 

2. A regulation apparatus for ATM cell delayvariation 
according to claim 1, Wherein said communication type 
discriminating means calculates the Waiting time Which 
eXtends from the time the ?rst cell received from the ATM 
netWork is transferred to said delayvariation regulating 
buffer to the time the readout of the cells is started, froma 
transmission speed and an acceptable cell loss probability 
When the communication type is sound or moving images. 

3. A regulation apparatus for ATM cell delayvariation 
according to claim 1, Wherein said communication type 
discriminating means employs a maXimum cell delay time 
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assured by the provider of said ATM netWork for the Waiting 
time Which eXtends from the time the ?rst cell received from 
the ATM netWork is transferred to said delayvariation regu 
lating buffer to the time the read-out of the cells is started, 
When the communication type is a ?le transfer. 

4. A regulation apparatus for ATM cell delayvariation 
according to claim 1. Wherein said communication type 
discriminating means set Zero to the Waiting time Which 
eXtends from the time the ?rst cell received from the ATM 
netWork is transferred to said delayvariation regulating 
buffer to the time the readout of the cells is started, When the 
communication type is remote terminal processing. 

5. A regulation apparatus for ATM cell delayvariation 
according to claim 2, Wherein said communication type 
discriminating means sets said variation Waiting time t 
expressed by the folloWing equation to said variation Wait 
ing timer, When the communication type is sound or moving 
images: 

Where p: an acceptable cell loss probability and 1/7»: an 
average cell arrival interval. 

6. A regulation apparatus for ATM cell delayvariation 
according to claim 1, Wherein said communication type 
discriminating means discriminates a communication type 
set in a call set-up request in a call set-up phase to calculate 
a variation Waiting time. 

7. A regulation apparatus for ATM cell delayvariation 
according to claim 1, further comprising dummy cell insert 
ing means, said dummy cell inserting means preserving a 
cell Which reaches last so as to insert said last reaching cell 
instead if neW cell has not reached during the variation 
Waiting time. 

8. Acell multipleXing/demultiplexing apparatus for repro 
ducing cells received from an ATM netWork to multimedia 
information and for transferring the multimedia information 
to a terminal connected thereto, comprising: 

the regulation apparatus for ATM cell delayvariation 
according to claim 1. 

9. A multimedia terminal for reproducing cells received 
froman ATM netWork to multimedia information, compris 
ing: 

the regulation apparatus for ATM cell delayvariation 
according to claim 1. 

10. A regulation method for cell delay variation for an 
ATM multipleX communications system for performing 
transmission and reception of multimedia information, com 
prising the steps of: 

classifying a cell by discriminating based on a commu 
nication type Whether data contained in the cell is 
sound/moving images, data to be transferred in the 
form of ?le, or data for remote terminal processing; 
providing, for each communication type, a delay varia 
tion regulating buffer for temporarily storing cells 
received from an ATM netWork and a variation Waiting 
timer for controlling a Waiting time Which eXtends from 
the time a ?rst cell is received by said delay variation 
regulating buffer to the time read-out of cells is started; 
and 

calculating the Waiting time for regulating a delayvaria 
tion for each communication type, and setting the 
calculated Waiting time to said variation Waiting timer. 

* * * * * 


