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FIG. 4A
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FIG. 6A
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FIG. 6C
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LOW-LATENCY BUFFERING FOR PACKET
TELEPHONY

The present application is related to U.S. application
entitled “Low-Latency Audio Interface for Packet
Telephony,” which is filed on even date herewith. These two
applications are co-pending and commonly assigned.

TECHNICAL FIELD

This invention relates to packet telephony in general and,
more particularly, provides a way of reducing latency in
packet telephony communications.

BACKGROUND OF THE INVENTION

Packet telephony involves the use of a packet network,
such as the Internet or an “intranet” (modeled in function-
ality based upon the Internet and used by a companies
locally or internally) for telecommunicating voice, pictures,
moving images and multimedia (e.g., voice and pictures)
content. Instead of a pair of telephones connected by
switched telephone lines, however, packet telephony typi-
cally involves the use of a “packet phone” or “Internet
phone”at one or both ends of the telephonylink, with the
information transferred over a packet network using packet
switching techniques. A “packet phone”or “Internet phone”
typically includes a personal computer (PC) running appli-
cation software for implementing packetized transmission of
audio signals over a packet network (such as the Internet);
in addition, the PC-based configuration of a packet or
Internet phone typically includes additional hardware
devices, such as a microphone, speakers and a sound card,
which are plugged or incorporated into the PC.

The amountof time it takes for a communication to travel

through a communications networkis referred to as latency.
The amount of latency can impact the quality of the com-
munication; the higher the latency, the lesser the quality of
the communication. Latency of about 150 milliseconds (ms)
or more produces a noticeable effect upon conversations
that, for some people, can render a conversation next to
impossible. The Plain Old Telephone Service (POTS) net-
work controls latency to an acceptable degree, which is one
of the ways in which the POTS network is deemedareliable
and quality communications service.

However, latency is a significant problem in packettele-
phony. Latency problems may be caused by factors such as
traffic congestion or bottlenecks in the packet network,
which can delay delivery of packets to the destination.

Another problem is caused by packet network “Jitter.”
“Jitter” is the variance in latency from packet-to-packet or
between groups of packets, such that packets (or packet
groups) are not received at the destination at regular inter-
vals. In packet telephony, packets are clocked into the packet
network from the sending station at a regular rate; thus,
network characteristics are responsible for deviation from
regularity in the rate of receiving data packets at the receiv-
ing station.

Packet telephony programs use an input buffer at the
receiving station to compensate for networkjitter. Anti-jitter
buffering is used to allow data to be clocked outof the buffer
and into the telephony section at a regular rate. Each time
voice input from the network starts at the receiving station,
the packet telephony program directs the incoming data inta
the telephony input buffer, and docs not start clocking the
data out of the buffer (clocking audio data out of a memory
is often called “playing” the data) and along to the speaker
output until the telephony input bufferis full. For example,
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such input buffers may run several packets deep with an
equivalent length (in terms of time) ranging from % toa full
second of audio data. Thus, each time a speaker starts
talking, perceptible latency is introduced as a result of
anti-jitter buffering, making interactive conversations diffi-
cult or unnatural.

Whatis desired is a way of reducing the latency in packet
telephony communications caused by buffering used to
reduce or eliminate networkjitter.

SUMMARY OF THE INVENTION

The present inventionis directed to a method for reducing
latency in packet telephony caused byanti-jitter buffering.
Whena second, or remote, user begins to speak, the tele-
phony input buffer, whichis used for anti-jitter buffering, is
initially empty. As audio data are received, the data are
placed in the telephony input buffer. However, rather than
wait until the buffer is full, the audio data are clocked, or
played, out of the buffer as soon as the first data element
arrives and at a rate slower than the normalplayrate. In this
way, latency duc to the initial buffer fill period is reduced or
eliminated. Audio data continue to be played out at a slower
than normalrate until the bufferfill level reachesa threshold.

At that time, the play rate for sending data out of the
telephony input buffer is adjusted to the normal play rate.
This technique for starting playback at a slower rate before
the buffer is fulled may be employed whenever the buffer
empties, e.g. either as the result of the startup of a
conversation, or of network delays or of loss of a burst of
packets.

In an alternative embodimentof the present invention, the
fill level of the telephony input buffer is controlled within a
desired range by speeding up or slowing downthe rate at
which audio data are played out of the telephony input
buffer. In yet another alternative embodiment, the amount of
latency jitter in the packet network is measured andthe size
of the telephony input buffer is adjusted based upon the
relative amountofjitter, such that the relative size of the
buffer is reduced when the packet network is quiet, and the
size of the buffer is increased whenthe networkisrelatively
jittery.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 showsa functional diagram for a PC-based packet
phone utilizing the buffering management of the present
invention.

FIG. 2 showsa flow diagramof the startup process of the
present invention.

FIG. 3 shows a flow diagram for controlled buffering in
an alternative embodiment of the present invention.

FIG. 4A showsa flow diagram for controlled buffering in
another alternative embodiment of the present invention.

FIG. 4B showsa flow diagram for controlled buffering in
another alternative embodiment of the present invention.

FIG. 5 shows the data structure for a jitter array used in
accordance with the present invention.

FIG. 6A showsa flow diagram for updating a jitter array
in accordance with the present invention.

FIG. 6B shows a flow diagram for measuring jitter in
accordance with the present invention.

FIG. 6C shows a flow diagram for measuring jitter in
accordance with an alternative embodimentof the present
invention.

DETAILED DESCRIPTION

The present inventionis directed to a method for reducing
latency in packet telephony caused by anti-jitter buffering. In
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accordance with the present invention, data are played out of
the receivers’s input buffer at variable rates, such that
latency is reduced, while controlling the size of the buffer to
reduce the effects of network jitter.

FIG. 1 showsa functional diagram for a PC-based packet
phone utilizing the buffering management of the present
invention; the functionality shown in FIG. 1 is based upon
the hardware/software functionality typically found in a
PC-based packet phone. Whenafirst user begins to speak
into microphone 100 (which servesas the audio input device
for the packet phone), an analog audio signal from micro-
phone 100 is received into the PC-based packet phone via
audio input port 105. Audio input port 105 is connected to
sound card 110. The analog audio signal is delivered to
sound card 110, where it is then digitized using an analog-
to-digital (A/D) converter 112. Sound card 110 may be any
one of a number of standard PC sound cards, such as the
SoundBlaster™ 16 from Creative Labs. Sound card 110 also

typically contains a pair of data buffers 114 and 116. Data
buffer 114 buffers the audio data received from audio input ,
port 105 and digitized by A/D converter 112 before being
sent to CODEC 120. ‘lypically, this data buffering is per-
formed in accordance with an established protocol, such as
that provided by a standard Microsoft audio driver supplied
with the Microsoft Windows™ operating system.

CODEC 120 compresses the audio data for efficient
transmission over the packet network. CODEC 120 may,
typically, be either a hardware or software componentthatis
well-known in communications and telephony applications
to those skilled in the art.

The packet telephony productis a telephony program 125
having a telephony application 127 and data buffers 128 and
129. Telephony application 127 implements the [unctional-
ity needed to prepare the data for transmission over a packet
network. For example, telephony application 127 places the
data into a form compatible with a data communications
protocol used for transmitting data over a packet network.
Telephony output buffer 128 buffers the data output by
telephony application 127. Telephony output buffer 128 is
kept as short as possible and is used to buffer data going out
to the packet network in the event the network becomes
temporarily busyat a particular instant, so that outgoing data
are not lost.

The audio data from telephony output buffer 128 is then
processed by network layer 130. Telephony application 127
requests that network layer 130 play data out of telephony
buffer 128 as soon as placed in the buffer. Network layer 130
is a software communications application which adds one or
more layers of data protocol, such as the well-known Trans-
mission Control Protocol and Internet Protocol (TCP/IP), or
the known User Datagram Protocol and Internet Protocol
(UDP/IP), and/or the well-established point-to-point proto-
col (PPP) used for communicating over a packet network.
TCP/IPis typically used for control and setup, while UDP/IP
is often used for transmitting audio data because UDP/IP
does not cause lost packets of audio data to be retransmitted.
UDP/IP may be preferred for transmitting audio data
because, for packet telephony, retransmitting lost audio data
will degrade a conversation. PPP is typically employed
when a modem is used to permit the PC connect to PC
connect to a packet network, such as the Internet, using a
standard dial-up telephone line. Network layer 130 is typi-
cally included as the network stack in the Microsoft Win-
dows™operating system. Packcts are then scent to input/
output (I/O) port 135, which is a standardserial port used for
establishing a serial data connection between a PC and a
peripheral device, such as a modem.
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From I/O port 135, the data proceeds to modem 140,
which converts the data to tones suitable for transmission

over a standard POTS telephone line 145 to a connecting
service used to connect to a packet network, such as the
Internet.

It should be noted that connecting a PC to a packet
network, such as the Internet, may be accomplished by any
number of known techniques, such as through the use of a
modem over a telephone line described above. Access to a
packet network, such as the Internet, may also be accom-
plished through,e.g., use of an ISDNline, a cable television
line, or a local area network using techniques knownto those
skilled in the art.

Once the data is sent to the packet network, the packet
network transmits the data whichis ultimately directed to a
second user having a receiving terminal (e.g., another
PC-based packet phone) at the other end of a TCP/IP-
compatible connection established between the two users.

The second user may transmit audio or speech data back
to the first user. The process of receiving external audio data
from the second user over the packet network into thefirst
user’s PC-based packet phoneis, in many respects, a rever-
sal of the steps described above in connection with sending
audio data from the first user’s packet phone to the second
user over the packet network. The external audio data
packets are received from a packet network connecting
service (i.¢., Internet service provider) over POTS telephone
line 145 into modem 140, which converts the data from
tones into digital data packets. From modem 140 the data
proceeds to J/O port 135 and then to network layer 130,
which removesone or more protocollayers (such as TCP/IP,
UDP/IP and/or PPP).

After network layer 130, the data is sent to telephony
application 125 which directs the data into telephony input
buffer 129. As mentioned above, telephony input buffer 129
is typically several data elements deep and, in an attempt to
compensate forjitter, telephony program 125 delays playing
the data out to speaker 170 from buffer 129, through
telephony application 127, until telephony input buffer 129
is full or has reached a given threshold (typically, such a
threshold would be one-half full); this introduces latency
whenever the buffer cmptics, c.g., when the second user
begins to speak.

In accordance with the present invention, buffer manager
150 operates to control telephony application 127 and tele-
phony input buffer 129, such that data is played out of
telephony input buffer before the buffer fills up. Buffer
manager 150 clocks the audio data out at a rate less than the
normalrate (1.¢., at less than the real-time rate) which allows
telephony input buffer 129 to fill—thus utilizing the effec-
tiveness of the buffer in reducing jitter. In this way, latency
normally introduced by virtue of the delay in the start of
playing data from telephony input buffer 129 is eliminated
whilc, at the same time, the taking advantage of the bencfits
afforded by buffering in the reduction of networkjitter. This
technique forstarting play of data from the buffer at a slower
rate before the buffer is fulled may be employed whenever
the buffer empties, e.g. either as the result of the startup of
a conversation, or of network delays or of loss of a burst of
packets.

Once the data is played from telephony input buffer 129,
it proceeds through the rest of the telephony and audio
processing. Upon lcaving input buffer 129, the data is
processed by telephony application 127 and is sent to
CODEC120. CODEC 120 decompresses the audio data that
was compressed (by the transmitting packet phone) for
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transmission over the packet network. From CODEC 120
the audio data is then sent to data buffer 116 of sound card

110. Data buffer 116 buffers the audio data, which is then
converted into analog form by D/A converter 112 and sent
in analog through audio output port 160 to speaker 170.

For purposes of the various aspects and embodiments of
the invention described below, it is assumed that the
PC-based packet telephone operates as discussed above with
reference to the functional diagram of FIG. 1.
1. Startup.

The operation of the present invention at startup of a
conversation by the second user will now be described in
further detail with reference to FIG. 2, which shows a flow
diagram of the startup process of the present invention.
Those skilled in the art will recognize that the startup
process may be employed wheneverthe buffer empties (and
not just when a conversation begins). When the second user
(whois remote from thefirst user) initially begins to speak,
telephony input buffer 129 is typically empty. Buffer 129
will also typically be emptyafter a period of silence from the
remote terminal as the result of silence suppression (in <
which the transmission of audio data packets from the
remote terminal of the second user is temporarily halted
during the period of silence by the second user), or as the
result of network delaysor loss of a burst of packets. As the
first audio data beginsto arrive after the second user begins
to speak, they are placed in telephony <input buffer 129 as
shown in block 201 of FIG. 2. Rather than waiting for the
buffer to fill (either fully or to some predetermined level)
with the data, as soonasthe first data element(s) are received
they are played out of the buffer. Initially, the numberof data
elements in telephony input buffer 129 is small, so that the
data cannot be played out at the normal rate; otherwise, the
buffer would notfill.

The initiation of playing out data from the buffer may
begin as soon as the first data element is received.
Alternatively, the playing of data out of the buffer may await
the receipt of a small numberof data elements, such number
being less than one-half full (e.g., 2 elements), before the
data are played out of the bulfer.

Thus, in accordance with the present invention, the num-
ber of data elements in buffer 129 is compared against a
threshold value, T, as shown in block 202. The threshold
value represents a numberof data elementsor, alternatively,
the threshold T could be provided as a unit of time (as the
data elements are expected to be received at regular
intervals, there is a direct correlation between expected
duration and the number of elements of audio data) or the
desired relative fill percentage for the buffer(i.c., the ratio of
the numberof data elements in the buffer to the total size or

capacity ofthe full buffer). Illustratively, the threshold value
maybe set to represent approximately 50% ofthe size of the
buffer (i-e., the desired fill percentage would be 50%).

If the numberof data elements in buffer 129 is less than

the threshold value T, the elements are set to play out at a
slower than normal rate as shown in block 203, and the
elements are played as shownin block 205 without waiting
for the buffer to fill. Ilustratively, elements may be played
out at a rate equal to approximately 90% of the normal or
expected rate at which audio data elements arrive. In this
way, the audio data will be processed and speech heard at
speaker 170 at a time before buffer 129 would have filled
without playing any data. At the same time, because the data
are being played out at a rate slower than the rate at which
they arrive in telephony input buffer 129, buffcr 129 slowly
begins to fill with data elements.

The slower rate at which the data is played out should be
arate at which the speech nonethelessis intelligible. A 90%
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play rate is barely noticeable and not objectionable; other
rates may, similarly, prove acceptable.

At somepoint during the continuing receipt of audio data,
the numberof data elements in the buffer will be equal to or
exceed the threshold value, T, where T may represent an
optimal or desired number of elements to be contained in
telephonyinput buffer 129. Whenthatis the case, compari-
son between the number of elements in the butter to the

threshold value T at block 202 will produce a response that
the numberof data elementsis not less than the threshold T

and, as shownin block 204,the rate of playing the audio data
out of buffer 129 is then set to the normalrate. In this way,
it is expected that the number of data clements arriving at
buffer 129 will be roughly equal to the number of elements
played out of buffer 129 and, thus,the relative buffer “fill”
percentage would be expected to remain approximately the
same over time. Of course, given the nature of the network
jitter problem, there will be short-term fluctuations in the
telephony input buffer fill percentage.
2. Controlled Buffering.

Turing now to FIG. 3, another embodiment of the
present invention will now be described in which the num-
ber of elements in telephony buffer 129 is controlled over
time to be constrained within a desired range (this processis
not limited to the startup of a conversation). This provides
the benefit of not permitting the buffer to overfill or empty
out, such that the conversation will appear more natural. As
before, in block 301 audio data arriving from the remote
terminal of the second user are placed in telephony input
buffer 129. As shown in block 302, the number of data
elements in buffer 129 is compared againsta first threshold
value, T1. The threshold value T1 represents a number of
data elementsor, alternatively, could be provided as a unit of
time (as the data elements are expected to be received at
regular intervals, there is a direct correlation between
expected duration and the number of elements of audio
data). If the numberof elementsin buffer 129 is less than the
first threshold value T1, the elements are played out at a
slower than normal rate as shownin block 303. As discussed

above, the play rate should be one that provides acceptable
audio speech quality at the speaker output. Because the rate
is lower than the normalrate, it is expected that the buffer
would slowly begin to fill to a greater percentage.

If the number of elements is not less than the first

threshold, T1, the number is then compared at block 304
against a second threshold value, T2, which is higher than
the first threshold value, T1. If the number of elements is
greater than the sccond threshold valuc, T2,the rate at which
audio data elements are played out of the buffer is set at
block 305 to a rate faster than the normal rate. When the play
rate is faster than normal, it is then expected that the buffer
would slowly begin to empty.

If comparison at block 304 of the number of elements
filling input buffer 129 with the second threshold, T2,
reveals that the number of elements is less than (or equal to)
T2, then the play rate, as shown at block 306, the rate of
playing the audio data out of buffer 129 is then set to the
normal play rate. In this way, the number of data elements
filling telephony input buffer 129 is controlled such that the
number of elements is steered to the range between T1 and
T2. As described above, the threshold values T1 and T2 may
be expressed as a number of elements, a unit of time, or the
relative fill percentage for the buffer. Illustratively, the
threshold values T1 and T2 maybesct to represent approxi-
mately 25% and 75% ofthe size of the buffer, respectively.

In an alternative embodiment of the present invention,
controlled buffering may be performed in essentially a



12

US 6,301,258 B1
7

continuous mannerby collapsing the two thresholds, T1 and
T2, into a single threshold value T, as shown in FIG. 4A. At
block 401 audio data elements arriving from the remote
terminal of the second user are placed in telephony input
buffer 129. As shown in block 402, the numberof elements
in buffer 129 is compared against a threshold value, T. If the
number of elements is less than the threshold value, T, the
audio data are played out at a slower than normal rate as
shown in block 403. If the number of elements is greater
than or equalto the threshold value, the elements are played
out at a faster than normal rate as shown in block 404.

An alternative to this embodimentis shown in FIG. 4B. At

block 411 audio data arriving from the remote terminal of
the second user are placed in telephony input buffer 129. As
shown in block 412, the numberof data elements in buffer
129 is compared against a threshold value, T. If the number
of elements is less than the threshold value, T, the elements
are played outat a slower than normalrate as shownin block
413. If the number of data elements is greater than the
threshold value, the elements are played out at a faster than
normal rate as shown in block 414. If the number of :

elements is equal to the threshold, T, the rate is set to the
normal rate at block 415.

3. Dynamic Buffer Sizing.
In addition to controlling the rate at which audio data

elements are played out of the telephony input buffer, the
size of the buffer itself may be controlled. The longer the
butter, the greater the potential latency in the audio that is
eventually heard at the speaker output. The length of the
buffer required to be effective in reducing jitter is dependent
upon the relative amount ofjitter presented by the packet
network.If the network is “quiet,” such that the data packets
arrive in relatively regular intervals (i.e., the variance in the
intervals between packet arrivals is small), the amount of
buffering required is slight. Thus, for a “quiet” network, a
short buffer (in terms of the number of data elements) may
suffice. On the other hand,if the networkis jittery—meaning
that the variance in the intervals between data packetarrivals
is relatively large—a greater amountof buffering is required
in order to compensate forthe jiller. Adjusting the size of the
telephony input buffer to network conditions (i.¢., is the
networkrelatively stable or jittery) then provides the advan-
tage of minimizing any latency unnecessarily introduced by
the jitter-correcting buffering scheme.

The method of the present invention for determining the
relative network stability (or jitter) and dynamically sizing
the telephony input buffer utilizes an array having a length
approximately equal to the number (e.g., the maximum
number) of clements in the telephony input buffer. The
elementsof the array (referred to herein as the “jitter array”)
are indexed by the potential numberof data elements present
in the input buffer at any given time, and each elementof the
array represents the most recent time in which the numberof
data elements presentin the input buffer is equal to the index
value of the element. That is, the value stored in the zeroth
elementof the jitter array represents the most recent time in
which the telephony input buffer held no audio data ele-
ments; the value stored in the first element of the array
represents the most recent time in whichthe telephony input
buffer held one audio data element; the value stored in the
second elementof the array represents the most recent time
in which the telephony input buffer held two audio data
elements, and so on. The data structure for a jitter array of
length N is depicted in FIG. 5, where, for purposes of
illustration, the time valucs 10:45, 21:48, 21:50, 20:09 and
19:33 are stored in array elements 3, 5, 7, 8 and 9, repre-
senting the last time in which the telephony input buffer held
3, 5, 7, 8 and 9 audio data elements, respectively.
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The telephony input buffer is measured on a periodic
basis, such as, for example, each time a data elementis
received as shownat block 601 in FIG. 6A. The numberof

data elements in the buffer is determined, as shown in block
602, and at block 603 the time at which the measurementis

taken is stored in the array, where the index for the storage
elementin the array is the current numberof data elements.
If the numberof audio data elements in the butter does not

change from one observation to the next, the latest observed
time will be entered into the same elementofthe jitter array
as the one containing the previous time entry, thus overwrit-
ing that time entry. If the number of data elements has
changed from the previous observation, the previous time
entry would not be overwritten by the latest time—thelatest
time would, instead, be written in a different element accord-
ing to the number of audio data elements currently in the
buffer.

The relative measure of network stability or jitter may be
determined by observing the array at various time intervals,
including on a periodic basis, and measuring the time it has
taken to have a change in the numberof audio data elements
in the telephony inputbuffer; this may be done by comparing
the most recent time entry in the jitter array with other time
entries in the jitter array. For example, the larger the time
difference between the most recent entry and the next most
recent entry, the more time it has taken for a change in the
numberof data elements in the buffer and, accordingly, the
quieter (more stable) the network. The smaller the time
difference, the less time it has taken for the number of data
elementsin the buffer to change and, accordingly, the noisier
(more jittery) the network.

Shownin FIG. 6B is a technique for determining jitter as
a measure of the whether any time entry exceeds the
difference between the most recent entry and a constant. As
shown at block 611, the measurementof jitter begins with
scanning the jitter array for the most recent time entry, ‘Tr.
The index of the elementin the jitter array having the most
recent time entry represents the most recent measurement of
the number of data elements in the buffer. Each element of

the jitter array Tn (other than the element corresponding to
Tr) is then scanned at block 612. At block 613, each time
element Tn is compared with the difference betweenTr(i-e.,
the most recent time entry) and a threshold time value,K.If
any time element Tnis larger than the difference Tr-K,this
meansthat the buffer size has changed within the last K time
units and the network is considered relatively noisyso as to
warrant an increase in the size of the buffer as shown in
block 614.

Onthe other hand,if all other time entries Tn are less than
Tr-K at block 613, this means that the buffer size has not
changed within the last K time units, and the networkis
considered quiet enough to reduce the buffer size, which is
then accordingly reduced by one element at block 615
(unless the buffer size is already at a minimumsize).

Optionally, to account for the fact that a change in one or
two data elements may not be considered significant for
purposes of measuring jitter, the process described above
with reference to FIG. 6B may be modified so that, once the
most recent time entry in the jitter array, Tr, is determined,
the neighboring elements of the array(i-e., the closest one or
two elements on either side of the most recent time element

in the array) are ignored for purposes of determining
whether any of the other time entries, Tn, exceeds Tr-K.

An alternative embodiment of the present invention will
nowbe explained with reference to FIG. 6C, The measure-
mentofjitter begins as shown in FIG. 6C by scanning the
jitter array for the most recent time entry, Tr, as shown at
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block 621. Each elementofthe jitter array Tn (other than the
element corresponding to Tr) is then scanned at block 622.
Each time element Tn is compared with the difference
between Tr (i.e., the most recent time entry) and a threshold
time value. At block 623, if any time element Tn is larger
thanthe difference between Tr andafirst threshold K1 (1e.,
Tr-K1), this means that the buffer size has changed within
the last K1 time units and the network is considered rela-

tively noisy so as to warrant an increase in the size of the
buffer as shown in block 624.

On the other hand, at block 625, if all time elements Tn
are less than the difference between Tr and a second thresh-

old K2 (ie., Tr-K2), this meansthat the buffer size has not
changed within the last K2 time units (K2 being greater than
K1) and the network is considered quiet enough to reduce
the buffer size, which is then accordingly reduced by one
element at block 626 (unless the buffer size is already at a
minimum size).

If the time elements Tn areall less than Tr-K1 and if any
element Tn is greater than Tr—K2, the network is considered
unchanged andthe current buffer size is maintained at block
627.

Optionally, to account for the fact that a change in one or
two data elements may not be considered significant for
purposes of measuring jitter, the process described above
with reference to FIG. 6C may be modified so that, once the
most recent time entry in thejitter array, Tr, is determined,
the neighboring elements of the array(i.e., the closest one or
two elements on either side of the most recent time element

in the array) are ignored for purposes of measuring any of
the other time entries, Tn, against Tr.

In another alternative embodiment of the present
invention, the dynamic buffer sizing described immediately
above may be combined with the startup and/or controlled
buffering processes described in sections 1 and 2 above.
Thus, both the rate at which data elements are played out of
the telephony input buffer, as well as the size of the buffer,
may be controlled in order to correct for networkjitter while
optimally reducing the latency introduced by the anti-jitter
buffering.

In summary, the present invention provides a way of
reducing latency in packet telephony whichis introduced by
anti-jitter buffering.

What has been described is merely illustrative of the
application of the principles of the present invention. Other
arrangements and methods can be implemented by those
skilled in the art without departing from the spirit and scope
of the present invention.

Whatis claimedis:

1. For use in a packet telephony communication system
wherein data elements are received over a packet network
into a buffer used for handling input data elements, a method
for reducing latency after said buffer is empty, comprising
the steps of:

a. determining a measure of the numberof data elements
contained in the buffer;

b. comparing the measure of the numberof data elements
contained in the buffer with a threshold value;

c. if the determined measure of the number of data

elementsis less than the threshold value,setting the rate
at which data elements are played out of the buffer to
a rate slower than a normal rate for playing data
elements out of the buffer;

d. if the determined measure of the number of data

elementsis not less than the threshold value, setting the
rate at which data elements are played out of the buffer
to a rate equal to the normal rate; and
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e. playing at least one data element out of the buffer at the
set rate, after the buffer hasfilled with data elements to
a predetermined level, the predetermined level being
less than the threshold value.

2. The method according to claim 1, wherein the measure
of the number of data elements contained in the buffer

comprises a percentage corresponding to the ratio of the
actual numberof data elements in the buffer to the butter’s

full capacity.
3. The method according to claim 2, wherein the threshold

value is approximately 50 percent.
4. The method according to claim 1, wherein the rate

slower than the normalrate is approximately 90 percent of
the normalrate.

5. The method according to claim 1, wherein the prede-
termined level is no more than two data elements.

6. A method for reducing latency in a packet telephony
communication system, wherein data elements are received
over a packet network into a buffer used for handling input
data elements and then played out of the buffer, comprising
the steps of:

a. determining a measure of the numberof data elements
contained in the butter;

b. comparing the measure of the numberof data elements
contained in the buffer with a first threshold value;

c. if the determined measure of the number of data

elements is less than the first threshold value, setting
the rate at which data elements are played out of the
buffer to a first rate; and

d. if the determined measure of the number of data
elements is not less than the first threshold value:

1. comparing the measure of the number of data ele-
ments contained in the buffer with a second threshold

value;
if the determined measure of the number of data

elements is greater than the second threshold value,
setting the rate at which data elementsare played out
of the buffer to a second rate; and

iii. if the determined measure of the number of data

elements is not greater than the second threshold
value, setting the rate at which data elements are
played out of the buffer to a third rate.

7. The method according to claim 6, wherein:
a. the first threshold is less than the second threshold

value;
b. the first rate is a rate slower than a normal rate for

playing data elements out of the buffer;
c. the second rate is a rate faster than the normalrate for

playing data elements out of the buffer; and
d. the third rate is a rate equal to the normal rate for

playing data elements out of the buffer.
8. The method according to claim 7, wherein:
a. the measure of the number of data elements contained

in the buffer comprises a percentage corresponding to
the ratio of the actual number of data elements in the

buffer to the buffer’s full capacity;

b. the first threshold value is approximately 25 percent;
and

il.cg

c. the second threshold value is approximately 75 percent.
9. The method according to claim 8, wherein the rate

slower than the normalrate is approximately 90 percent of
the normalrate.

10. The method according to claim 7, wherein:
a. the first threshold value is equal to the second threshold

value;
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b. the first rate is a rate slower than a normal rate for

playing data elements out of the buffer; and
c. cach of the second rate and the third rate is a rate faster

than the normalrate for playing data elements outof the
buffer.

11. The method according to claim 10, wherein the
measure of the number of data elements contained in the

buffer comprises a percentage correspondingto the ratio of
the actual number of data elements in the buffer to the

buffer’s full capacity.
12. The method according to claim 11, wherein the

threshold value is approximately 50 percent.
13. The method according to claim 11, wherein the rate

slower than the normalrate is approximately 90 percent of
the normal rate.

14. The method according to claim 7, wherein:
a. the first threshold valueis equal to the second threshold

value;
b. the first rate is a rate slower than a normal rate for

playing data elements out of the buffer;
c. the secondrate is a rate faster than the normal rate for

playing data elements out of the buffer; and
d. the third rate is a rate equal to normal rate for playing

data elements out of the buffer.

15. ‘The method according to claim 14, wherein the
measure of the number of data elements contained in the

buffer comprises a percentage correspondingto the ratio of
the actual number of data elements in the buffer to the

buffer’s full capacity.
16. The method according to claim 15, wherein the

threshold value is approximately 50 percent.
17. The method according to claim 15, wherein the rate

slower than the normalrate is approximately 90 percent of
the normalrate.

18. A method for reducing latency in a packet telephony
communication system, wherein data elements are received
over a packet network into a buffer used for handling input
data elements and then played out of the buffer, comprising
the steps of:

a. storing a measure of the number of data elements
contained in the buffer over time;

b. determining a measure of the relative stability in time
intervals between the receipt of data elements over the
packet network;

c. comparing the determined measure of the relative
stability in time intervals with a threshold value;

d. if the determined measure of the relative stability in
limeintervals is greater than the threshold value, reduc-
ing the size of the buffer; and

e. 1f the determined measure of the relative stability in
time intervals is not greater than the first threshold
value, increasing the size of the buffer.

19. The method according to claim 18, wherein the
threshold value is obtained by determining the difference
between the time at which the most recent measure of the
numberof data elements contained in the buffer was stored

and a constant, and wherein the step of determining a
measure ofthe relative stability in time intervals between the
receipt of data elements over the packet network comprises
determining a plurality of time values at which the measure
of the numberof data elements contained in the buffer was

stored, said plurality of time values excluding the time at
which the most recent measure of the number of data
elements contained in the buffer was stored.

20. The method according to claim 19, wherein said
plurality of time values further exclude those time values

10

15

30

35

40

45

50

55

60

65

14

12

corresponding to a measure of the numberof data elements
within a predetermined numberof the most recent measure
of the numberof data elements.

21. The method accordingto claim 19, further comprising
the steps of:

f. determining a measure of the number of data elements
contained in the buffer;

g. comparing the measure of the numberof data elements
contained in the buffer with a threshold value;

h. if the determined measure of the number of data

elementsis less than the threshold value,setting the rate
at which data elements are played out of the buffer to
a rate slower than a normal rate for playing data
elements out of the buffer;

i. if the determined measure of the number of data

elementsis not less than the threshold value,setting the
rate at which data elements are played out of the buffer
to a rate equal to the normal rate; and

j. playing at least one data element out of the buffer at the
set rate without waiting for the buffer to fill with data
elements to a predeterminedlevel.

22. A method for reducing latency in a packet telephony
communication system, wherein data elements are received
over a packet nctwork into a buffer used for handling input
data elements and then played out of the buffer, comprising
the steps of:

a. storing a measure of the number of data elements
contained in the buffer over time;

b. determining a measure of the relative stability in time
intervals between the receipt of data elements over the
packet network;

c. comparing the determined measure of the relative
stability in time intervals with a first threshold value;

d. if the determined measure of the relative stability in
time intervals is greater than the first threshold value,
reducing the size of the buffer; and

e. if the determined measure of the relative stability in
time intervals is not greater than the first threshold
value:

1. comparing the determined measure of the relative
stability in time intervals with a second threshold
value;

u. if the determined measure ofthe relative stability in
time intervals is less than the second threshold value,
increasing the size of the buffer; and

f. if the determined measure of the relative stability in
time intervals is not less than the second threshold

value, maintaining the current size of the buffer.
23. The method according to claim 22, wherein thefirst

threshold value is obtained by determining the difference
between the time at which the most recent measure of the
number of data elements contained in the buffer was stored

and a first constant, wherein the second threshold value is
obtained by determining the difference between the time at
which the most recent measure of the number of data
elements contained in the buffer was stored and a second

constant, and wherein the step of determining a measure of
the relative stability in time intervals between the receipt of
data elements over the packet network comprises determin-
ing a plurality of time values at which the measure of the
number of data elements contained in the buffer was stored,
said plurality of time values excluding the time at which the
most recent measure of the number of data clements con-
tained in the buffer wasstored.

24. The method according to claim 23, wherein said
plurality of time values further exclude those time values
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corresponding to a measure of the numberof data elements
within a predetermined numberof the most recent measure
of the number of data elements.

25. The method according to claim 23, further comprising
the steps of:

g. determining a measure of the numberof data elements
contained in the buffer;

h. comparing the measure of the numberof data elements
contained in the buffer with a threshold value;

1. if the determined measure of the number of data

elementsis less than the threshold value,setting the rate
at which data elements are played out of the buffer to
a rate slower than a normal rate for playing data
elements out of the buffer;

j. if the determined measure of the number of data
clementsis not less than the threshold valuc,sctting the
rate at which data elements are played out of the buffer
to a rate equal to the normal rate; and

k. playing at least one data element out of the bufferat the ;
set rate without waiting for the buffer to fill with data
elements to a predeterminedlevel.

26. Anarticle of manufacture comprising a computer-
readable medium having stored thereon instructions for use
in conjunction with a computer-based packet telephony
communication system wherein data elements are received
over a packet network into a butter used for handling input
data elements, said instructions which, when executed,
define a series of steps causing the packet telephony com-
munication system to reduce latency after said buffer is
empty, said steps comprising:

a. determining a measure of the numberof data elements
contained in the buffer;

b. comparing the measure of the numberof data elements
contained in the buffer with a threshold value;

c. if the determined measure of the number of data

elementsis less than the threshold value,setting the rate
at which data elements are played out of the buffer to
a rate slower than a normal rate for playing data
elements out of the buffer;

d. if the determined measure of the number of data

elementsis not less than the threshold value,setting the
rate at which data elements are played out of the butter
to a rate equal to the normal rate; and

e. playing at least one data element out of the buffer at the
set rate, after the buffer hasfilled with data elements to
a predetermined level, the predetermined level being
less than the threshold value.

27. The article of manufacture according to claim 26,
wherein the measure of the number of data elements con-

tained in the buffer comprises a percentage corresponding to
the ratio of the actual number of data elementsin the buffer

to the buffer’s full capacity.
28. The article of manufacture according to claim 27,

wherein the threshold value is approximately 50 percent.
29. The article of manufacture according to claim 27,

wherein the cate slower than the normal rate ts approxi-
mately 90 percent of the normalrate.

30. The article of manufacture according to claim 26,
wherein the predetermined level is no more than two data
elements.

31. An article of manufacture comprising a computer-
readable medium having stored thereon instructions for usc
in conjunction with a computer-based packet telephony
communication system wherein data elements are received
over a packet network into a buffer used for handling input

10

15

25

30

35

50

a 0

15

14

data elements and then played out of the buffer, said instruc-
tions which, when executed, define a series of steps causing
the packet telephony communication system to reduce
latency, said steps comprising:

a. determining a measure of the numberof data elements
contained in the buffer;

b. comparing the measure of the numberof data elements
contained in the buffer with a first threshold value;

c. if the determined measure of the number of data

elements is less than the first threshold value, setting
the rate at which data elements are played out of the
buffer to a first rate; and

d. if the determined measure of the number of data
elements is not less than the first threshold value:

1. comparing the measure of the number of data ele-
ments contained in the buffer with a second threshold

value;
u. if the determined measure of the number of data

elements is greater than the second threshold value,
setting the rate at which data elementsare played out
of the buffer to a second rate; and

ui. if the determined measure of the number of data

elements is not greater than the second threshold
value, setting the rate at which data elements are
played out of the buffer to a third rate.

32. The article of manufacture according to claim 31,
wherein:

a. the first threshold is less than the second threshold

value;
b. the first rate is a rate slower than a normalrate for

playing data elements out of the buffer;
c. the second rate is a rate faster than the normalrate for

playing data elements out of the buffer; and
d. the third rate is a rate equal to the normal rate for

playing data elements out of the buffer.
33. The article of manufacture according to claim 32,

wherein:
a. the measure of the number of data elements contained

in the buffer comprises a percentage corresponding to
the ratio of the actual number of data elements in the

buffer to the butter’s full capacity;
b. the first threshold value is approximately 25 percent;

and.

c. the second threshold value is approximately 75 percent.
34. The article of manufacture according to claim 32,

wherein the rate slower than the normal rate is approxi-
mately 90 percent of the normalrate.

35. The article of manufacture according to claim 33,
wherein:

a. the first threshold value is equal to the second threshold
value;

b. the first rate is a rate slower than a normal rate for

playing data elements out of the buffer; and
c. each of the secondrate and thethird rate is a rate faster

than the normalrate for playing data elements outof the
buffer.

36. The article of manufacture according to claim 35,
wherein the measure of the number of data elements con-

tained in the buffer comprises a percentage correspondingto
the ratio of the actual numberof data elements in the buffer

to the buffer’s full capacity.
37. The article of manufacture according to claim 36,

whercin the threshold valuc is approximately 50 percent.
38. The article of manufacture according to claim 37,

wherein the rate slower than the normal rate is approxi-
mately 90 percent of the normalrate.
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39. The article of manufacture according to claim 33,
wherein:

a. the first threshold value is equal to the second threshold
value;

b. the first rate is a rate slower than a normal rate for

playing data elements out of the buffer;
c. the secondrate is a rate faster than the normal rate for

playing data elements out of the buffer; and

d. the third rate is a rate equal to normal rate for playing
data elements out of the buffer.

40. The article of manufacture according to claim 39,
wherein the measure of the number of data elements con-

tained in the buffer comprises a percentage corresponding to
the ratio of the actual numberof data elements in the buffer

to the buffer’s full capacity.
41. The article of manufacture according to claim 40,

wherein the threshold value is approximately 50 percent.
42. The article of manufacture according to claim 41,

wherein the rate slower than the normal rate is approxi- .
mately 90 percent of the normalrate.

43. An article of manufacture comprising a computer-
readable medium having stored thereon instructions for use
in conjunction with a computer-based packet telephony
communication system wherein data elements are received
over a packet network into a buffer used for handling input
data elements and then played out of the buffer, said instruc-
tions which, when executed, define a series of steps causing
the packet telephony communication system to reduce
latency, said steps comprising:

a. storing a measure of the number of data elements
contained in the buffer over time;

b. determining a measure of the relative stability in time
intervals between the receipt of data elements over the
packet network;

c. comparing the determined measure of the relative
stability in time intervals with a threshold value;

d. if the determined measure of the relative stability in
time intervals is greater than the threshold value, reduc-
ing the size of the buffer; and

e. 1f the determined measure of the relative stability in
time intervals is not greater than the first threshold
value, increasing the size of the buffer.

44. The article of manufacture according to claim 43,
wherein the threshold value is obtained by determining the
difference between the time at which the most recent mea-
sure of the number of data elements contained in the buffer

wasstored and a constant, and wherein the step of deter-
mining a measure of the relative stability in time intervals
between the receipt of data elements over the packet net-
work comprises determining a plurality of time values at
which the measure of the number of data elements contained

in the buffer was stored, said plurality of time values
excluding the time at which the most recent measure of the
numberof data elements contained in the buffer wasstored.

45. The article of manufacture according to claim 44,
wherein said plurality of time values further exclude those
time values corresponding to a measure of the number of
data elements within a predetermined number of the most
recent measure of the number of data elements.

46. The article of manufacture according to claim 45,
further comprising the steps of:

f. determining a measure of the number of data elements
contained in the buffer;

g. comparing the measure of the numberof data elements
contained in the buffer with a threshold value;

 

10

15

25

30

35

40

45

50

55

60

65

16

16
h. if the determined measure of the number of data

elementsis less than the threshold value,setting the rate
at which data elements are played out of the buffer to
a rate slower than a normal rate for playing data
elements out of the buffer;

i. if the determined measure of the number of data

elementsis not less than the threshold value,setting the
rate at which data elements are played out of the buffer
to a rate equal to the normal rate; and

j. playing at least one data elementout of the buffer at the
set rate without waiting for the buffer to fill with data
elements to a predetermined level.

47. An article of manufacture comprising a computer-
readable medium having stored thereon instructions for use
in conjunction with a computer-based packct telephony
communication system wherein data elements are received
over a packet network into a buffer used for handling input
data elements and then played out of the buffer, said instruc-
tions which, when executed, define a series of steps causing
the packet telephony communication system to reduce
latency, said steps comprising:

a. storing a measure of the number of data elements
contained in the buffer over time;

b. determining a measure of the relative stability in time
intervals between the receipt of data elements over the
packet network;

c. comparing the determined measure of the relative
stability in time intervals with a first threshold value;

d. if the determined measure of the relative stability in
time intervals is greater than the first threshold value,
reducing the size of the buffer; and

e. if the determined measure of the relative stability in
time intervals is not greater than the first threshold
value:

1. comparing the determined measure of the relative
stability in time intervals with a second threshold
value;

u. if the determined measure ofthe relative stability in
time intervals is less than the second threshold value,
increasing the size of the buffer; and

f. if the determined measure of the relative stability in
time intervals is not less than the second threshold

value, maintaining the current size of the buffer.
48. The article of manufacture according to claim 47,

wherein the first threshold value is obtained by determining
the difference between the time at which the most recent
measure of the number of data clements contained in the

buffer was stored and a first constant, wherein the second
threshold value is obtained by determining the difference
between the time at which the most recent measure of the
numberof data elements contained in the buffer was stored

and a second constant, and wherein the step of determining
a measure of the relative stability in time intervals between
the receipt of data elements over the packet network com-
prises determining a plurality of time values at which the
measure of the number of data elements contained in the

buffer was stored, said plurality of time values excluding the
time at which the most recent measure of the numberof data
elements contained in the buffer was stored.

49. The article of manufacture according to claim 48,
wherein said plurality of time values further exclude those
time values corresponding to a measure of the number of
data clements within a predetermined number of the most
recent measure of the numberof data elements.

50. The article of manufacture according to claim 49,
further comprising the steps of:
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g. determining a measure of the numberof data elements

h.oS
contained in the buffer;

comparing the measure of the number of data elements
contained in the buffer with a threshold value;

. if the determined measure of the number of data

elementsis less than the threshold value,setting the rate
at which data elements are played out of the buffer to
a rate slower than a normal rate for playing data
elements out of the buffer;

17
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j. if the determined measure of the number of data
elementsis not less than the threshold value,setting the
rate at which data clements are played out of the buffer
to a rate equal to the normal rate; and

k. playing at least one data elementoutof the buffer at the
set rate without waiting for the buffer to fill with data
elements to a predeterminedlevel.


