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TECHNI CAL FIELD 5 This invention relates to data transm ssi on, §né\
particular application in the transm ssion of audio or facsinmile data that
previ ousl¥W \Né)oﬁc?bnventional |y sent over a tel ephone netwopkTigéshisch is
now often sent over a packet switched network such as the Internet. 10
BACKGROUND OF THE | NVENTENeMAN o ] place to transmt
voi ce, facsimle and othér 1 nfor na‘%{?gmlgﬁvs‘ﬁtﬁ.%@ yt agf‘nsm’ tted over the
“tel ephone network over a data network. The transm ssion of such

I nformati on over data networks, such as the Internet, costs |ess and

results i rS _Effi Ei eInt use of network bandw dth. |ndeed, nany engi neers
i nvol ved i ] echnol ogy believe that within the next few years,
virtuaily all #glepbg .. be. conv ver. the | rnet One
probl em wi th occurs ue t%?at%te&’t Eri%at%‘\s%“?gtsaﬁ b‘fﬁlda]gﬁ‘f Reticulpy F‘EP (é?n fththe

I nternet tramdmitdien bf atdie dirfaskiril &ha dat Piéhodsiplvab %oh@&&eﬂﬁﬁ:’,f@&ﬁ over a

Specifically, for the conmpletion of a- telephorie call L ween  two users
over a com@rﬁf’ ’Bﬁﬂ-\"@H@Wst@h'edﬁ@feﬂeepfbmepaeitet\swkcmﬁd?ﬁiiﬂt)suemmet i on,
acircuit gonstructed between those users. The full bandw dth of that
circuit is aval | abl e for use by the tel ephone call, and that bandwi dth is
usually nore than what is required for the call. When the call is conveyed
over the Internet, the audlo S|gnal from either party is broken down into
packdfs WRACKRGRE g At JEHONy, sonetimes using different paths,
Wien the packets exit the data network, they

25 th h t h t
are u;gggto ﬁ%c?r’t@f (!?SV}D'EWS WS FYgInRReF & %mFoYOIE%anéyah@eaftdooﬁlhe
1§ Steeni ngnfoanttion dﬁn@entﬁmﬁh?ﬁﬁw?ﬂtt@é@@h@té’lgﬁ{ P %ﬂ&@erfﬁoc%} §ch)f\,se'ﬁ3 ously

described Internet telephone call. Mre s up,
an audi o t@ngnmw@ oif gighainformationtesiee gita metwdiRy, swuhﬂﬂter RYhetO¥REs RsCaddcui t

swi tched_connection through PSTN 302 to a ateway 303. 30 The gat eway 303
packet i z eés?lﬂﬁgl LA %t%‘gtcé‘ﬁg? Rk B%i“fl - Jadeed; many epgingemsunvolved in
15 Intemnet technology believe that within the next few years, virtually all telephone traffic will

be conveyed over the Internet.

One problem which occurs due to the transmission of audio traffic over the Internet
relates to the breaking up of sut:h traffic into packets. Specifically, for the completion ofa
telephone call between two users over a conventional public switched telephone network

20 (PSTN) connection, a circuit is constructed between those users. The full bandwidth of that
 circuit is available for use by the telephone call, and that bandwidth is usually more than
what is required for the call.
When the call is conveyed over the Internet, the audio signal from either party is
broken down into packets which are conveyed individually, sometimes using different paths,
25  through the data nmetwork. When the packets exit the data network, they are used to
reconstruct the analog audio signal for conveyance to the listening party.
Fig. 3 shows an exemplary architecture for the previously described Internet
telephone call. More specifically, after call set-up, an audio signal originatin g attelephone
| 301 would travel over a circuit switched connection through PSTN 302 to 2 gateway 303.
30  The gateway 303 packetizes the audio signal and conveys the packets as previously
- described over data network 304. The packets are received at gateway 305, often out of
order due to the varying network delays experienced by the different packets, and are

reassembled by gateway 305. The packets are then converted to analog audio, and the analog :



descri bed over data network 304. The packets are received at Jepenpy ??{ﬁg
often out of order due to the varying network del ays experiencéd by 't
differenthe}ﬁé%g, and are reassenbled by gateway 305. The packets are
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desired t bulferusiatlyzssoreh severalptrtiving patietd o th@qiabketd esBindREEr Bl b8 of Padong
[ that packets wait in the buffer before being
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conveyed. “HfP 2 AIRQdHRTONSF SsAUSRLS RIRAto theserversion of i digitalalatsetolaatlogcy

-whichyd s ppRlasy daidi A 3gfs, However, if the buffer is made too small, Iater

arriving packéts wl'l be [ost. For exanple, suppose the buffer length is

set, such that Intorfieritdsirimize dlatdney,TahPdstrihal thE 2@di0 sighal éﬁg%ﬁ&%gﬁctw&ﬁr to
c

sendi ng i% out ,t? t he receiver. Suptggsp two consecutive packets are
transm t t'88 Hmenk Isaves telephape 391 (rgdithe timetivamrives at &0phont BDEct indesirednd t he

second tr. or s rk in only,10 mJl]iseconds. The se¢ond packet
w1 ¢ (e e 1e0th BPRIONIIe abel bial A lnE BEE e s adeRa R tihg
then sentpatkets wsit iretheibuefer bdfdge bdihiS borRBGUE tThibd, lal oA NEREFA hEME thald BREL Wilh

guarter 3{6 a second later. By the tinme the first packet arrives, the sSecond
packdf h& large lateney, whish is uadesireblesi nce the packet s/ may represent audio, it
woul d then ma e . to read oyt the first packet after_ a | ater packet
has al ready bggbr‘v%&gggf%tl?uf?er is madeL{o_o small, later veilng packets wgll be lost. Fmp
example, suppose the buffer length is set such that it holds each arriving packet for 250
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milliseconds prior to sending it out to the receiver. Suppose two consecutive packets are
transmitted, the first traversing the network in 500 milliseconds, and the second traversing
20 thenetwork in only 10 milliseconds. The second packet will arrive, be held at the receiving
 buffer for 250 milliseconds, and then sent to the receiver. The first packet will then arrive
nearly a quarter of 2 second later. By the time the first packet arrives, the second packet has
already been read out. Since the packets may represent audio, it would then make no sense
to read out the first packet after a later packet has already been read out.
25 . Prior art systems exist which optimize the buffer length by performing calculations
- based upon a trade off between latency and probability of packet loss. Moreover, U.S.
Patent Application Serial No. 09/5 85,744 describes and clairhs a technique m;hich '
dynamically adjusts the buffer size in response to the varying delays of packets through the
network, in order to constantly maintain the optimal buffer size on a dynamic basis,
30 The problem with all prior techniques is that they fail to account for a group of
packets that might be subject to a temporary and a typically excessive delay. This could

“happen, for example, if all of a sudden one of the network routers was taken out of service. .
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25 . Prior art systens exist which optimze the buffer |length by performng
cal cul atlons based upon a trade off between |atency and probadig APR 8805
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Lbove. "t haPl Y] HnifieiBhinuf S ol sebohni i dempptsas et delay Hyoush the
Iatency aaﬁkeﬁfegbabl lity of packet |oss to achieve the proper buffer length
in a receiving gateway, which technique also should account for tenporary
group delay through the Internet. BRI EF DESCRI PTI ON OF THE DRAWNGS 10

Fig. 1 dwgl_{ . _ | archi tecture of an exenplary receiving

gat eway - teachl ngs of the pr esent

I nvengg on; Fi g WSs ej vi n buffers t

read out accordfgng an@leexerrp gﬂragéhén%t% 8 §c§ aéﬁw@%‘é’ﬁﬁ ary
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is'a flow charlt: an exenpl ary_al gorithmfor r}'pl enenting the pr esent -
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Fig. 3 shows an exemplary prior art architecture for transmitting voice over the

15 Internet;
Fig. 4 is a flow chart of an exemplary algorithm for implementing the present
invention at a sample receiving gateway such as 305; and
Fig. 5 is an alternative embodiment of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
20 Fig. 1 is a block diagram of an exemplary embodiment of the invention. The
architecture of Fig. 1 can be used in the system of Fig. 3 to replace gateway 303 of Fig. 3. In
accordance with the present invention, data representing the telephone call arrives in packets
from the data network at network interface card (NIC) 101. ANICisa conventional product
which implements the appropriate network protocols, such as TCP/IP or similar protocols. '
25 The NICmay be respousible for receiving digital packets and delivering the packets thrc;u gh
‘the CPU 102 to the remainder of the systems.

The decoded data is then s‘ent through CPU 102 to a buffer 104. CPU 102 may work
in conjunction with an optional digital signal processor (DSP) 103. The CPU 102 serves to
place amiving packets in the buffer 104 in the appropriate order so as to be read out in

30 sequence by digital to analog converter (D/A) 105. The optional DSP 103 may be utilized to
perform some or all of the computationally expensive signal processing required to process |

the data beyond the processing done by the (NIC) 101.
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20 Fig. 1 is a block diagram of an exenplary enbodi nent of the invention.
The architecture of Fig. 1 can be used in the systemof Fig. 2 §hPRpipps e
gateway 303 of Fig. 3. In accordance with the present invention, data

repr esent WPA3&3t el ephone cal | arrives in packets from treTdaasngs wor k
at network interface card (NIC)101. A NIC is a conventional product which
I npl enents the Lt Y- I T | P.or .siom | ar
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0o/ 585, 7ai = s HE B e R et el and lralgieeame

i nt r oducedcdeptabhcropakiti k&tabsDagkedis Ahb | fc%haﬁ: '. f8r S
104. More sr?gci f iI?:rgl ly, gt?l@ﬁ&PU 1%2. i nt rlg’gt&cggﬁiﬁ mu%@ﬁg%‘ilggiagbf otagl;ch
arrivi ng Packetsexpeienengmnetwod dolayin eveasslof¥|shyll bpdissartdd; vdetely i dydategh t he
dat a pet 4 .5 wll e | .a fixed yal.ue. As described in the 744
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cal cul at a8 taversng tist nddverkpr Binmb eddht packét pekiences alts optifain lafency, hedsyat em
dynam cal I%kctal cul. at es t?ﬁiﬁl al. | ackets experiencing a network delay in
excess of PARNEHRAPFIIGHECHMOEEIPELire oppmuat Inteney 1ndfmcesipgithe patvask.itis discarded.

hi st ogram of pegkeg | (1 DG I .unon arrival
by an anount equal }tlc%ngé%t%ﬁc o{gtq{ér%m I%gts gﬁ%‘?,lﬁ%%ﬁﬁ‘g&?%%gﬁﬁ@@ﬁaﬁn@ﬂ%
packdbs ewpeerientlsd of iFigt t.avEhe cogndction M@EWsr Klso Thpteser®al in Resik etail as
experiences the oﬁlj?rr{gj;nl tency. _and if a packet experiences nore than the
opt i mum [ARRFFEGNS #3023 apd el +20. Foremnlary loqations 30248 tpdesent buffers into

which packets arriving at a receiving gateway 305 are placed.

In operation, one exemplary manner in which the delay required for each packet may
be introduced relates to the position in buffers 104 in which the amriving packet is placed.
20  More specifically, in normal operation, the arriving packets are each placed into a separate
one of buffers 201-210. The buffers are then shifted from lef to right and the packets
conveyed out to digital fo analog converter 105.
As packets arrive, they are placed into one of locations 201-210 to be read out as the
packets are shifted rightward in Fig. 2. Thus, a packet which experiences a relattvely short
25  delay through the network will be p]éced relatively far to the left (e.g., location 202 or 203),
whereas a packet that experiences arelatively long delaj' through the network will be placed
closer to the right (e.g., 208 or 209). Thus, the shorter the delay through the network, the
more to the left the packet will be placed. Because of the left to right shifting, this means
that packets experiencing a short network delay will experience a lon ger-delay in the
30 receiving gateway’s buffer because it will take longer to be shifted. This results in the total
delay of all of the packets being substantially equal. By examining the time stamp placed
within the packet by the gateway transmitting the packet onto the Infernet, and by comparing
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Fig. 2 shows a conceptual diagramof buffers 104 connected to the digital
to analog 15 converter 105 of Fig. 1. The connection 106 is aQs% APR 20605
represented in nore detail as connections 230-232 and switch 250.

Exenpl ar yYMGO®&7Bns 201-218 represent buffers into which pathsbssmssi ving
at a receiving gateway 305 are placed. In operation, one exenplary nmanner
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chorter ¢ AR PapERT B isketoreR o canfRer ke, Wi owenrases anpistiy gt
wi |l be pldapgdir&amatize n&ivolih ewbsil! be g;lafclee hih:ols :itka‘aiibﬂgzlot %ﬁcﬁﬁﬂaéducwglt ay

packets experiencing a short network delay w experiehce a longer d
i n the 30sigatfidaptlyghertaralstey: s Sindef the spstermidesigher kidws inaldeanmentye ambontost

shifted. Is.results.in the total ..del f all of the packets bein
suia—st g‘ﬂt i gﬁt’]‘lr"‘y’ t&%ﬁﬂc‘?g Ely eg%m flﬂg ‘}fw&lﬁﬁ&hﬁ Pﬁﬁ@ﬂngﬁﬁi IP?ﬁthtfﬁ’éeﬁ%éc ket

by the gahgway chh aRSEHIAI1ABRS t by 805y ring
32 6 AP oL W o A yEs SRS ShiE ey ol By i dfirdbbcfE TR
cl ock at -effestivelysiqualings dwttetabdelayt (he. milark plusaddigbonaljemores the kitividackdss.

cal cul ated. No due to the fact that the clocks at the transmtting

e that : .
and receiving i:ﬁﬁ?gwgnmﬁﬂ%eﬁi‘é@fsl‘?a&?‘ﬁ@ﬁ?@ﬁﬁ%@tﬁnQWG%,MeI ay
cal cul at egl;d 1e Uik~ REL _ ; rk del rel.ative to
Che neter & e thefoctfie More BRtCHRYally Ehidter Aici®; AXty A Hetiiidhe o,
exanplse, gateveayR(Seetl ieplaeed intodechtion 2SI Fig Ry Ashbe pacitelsaye i1 gihtiva,

network, it. \ﬁf’ul,d_b placed in | gcation 202. Another packet, which |
exper i endiagket A, griginal, CF@WQQ manonzos, will be read out of location 211 four-time slots

later, where a time slot is the amount of time for one rightward shift. A second packet B,

transmitted fiom fransmitting gateway 303 just prior to packet A, should arrive and be
placed in location 209. This ordering would mean that the packet B would be read out of

20 location 211 just prior to packet A,.as location 209 is read out over line 230 just prior to
location 208 in Fig. 2.

Consider however, the situation wherein packet B is delayed much longer than
expected. It is possible that packet A may be read out of location 208 and converted to
analog data prior to packet B even arriving. At that point, packet B would simply be Jost

25  because once a packet is converted into analog audio, a packet which represents a prior
portion of the audio signal can not be transmitted later,

Depending upon the length of buffer 104, a certain number of packets will be lost.
In the exemplary buffer 104 shown in Figure 2, a packet experiencing the shortest delay will

be placed into location 201. Such packet will take ten rightward shifts before beingread out.
30 oflocation 211, Ifthe packet that is supposed to arrive just prior to that packct'is delayed,
| the delayed packet may arrive after the packet from location 201 has already been shifted out
of the buffer 104. |



del ay through the network, would be placed into |ocation 210, which
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wil'l be lost. I'n the exenplary in Figure 2, a packet
experi encing t Rig. dhsotvesin aehmarpifidw ciet of featbpk Behd ' %,@,L h
packet will take ten.rightward shifts before beipng reag%t%ﬁﬂ% o’fq' Igfgl%ation
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del ayed, ; . rriVv, ter t.he ckef. from]| ocation 201
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PCT/ US01/2430 83 hbideetnfol ihfomastiont I adbcrét ' Q|
descri bed j"n th Eprevi ous ara ra\g?ﬁ, ﬁgﬁs?&?r%fagﬁpggtﬁ?ﬂ]fﬂgeﬂfﬁ?@%&??o%ade

| ong enol@H eentral te blockA04 Earapading aut the packet. The register is then shifted left

to right at block 405, thereby placing the packet previously in location 210 into read-out

(9.1

Iocation 211. As indicated by loop 450, the process continues checking for packets and
reading them out as previously described. ,

20 If, upon checking location 211, it is found to be empty, ihen decision point 403 will
increase a counter at block 408. The counter begins at zero. After the count is increased to
block 408, decision point 407 determines if the count has reached the predetermined count.

The predetermined count N is defined in advance as the number of consecutive
storage locations m buffer 104 that arrive empty at readout location 211. Typically, N would
25 | be in the range of 2 or 3, but could be different 2s well. More specifically, if every packet
 arrived within the time limits that the length of the buffer 204 can process, then after each
rightward shift, a packet should be ready for readout in at location 211. If, after reading out
a packet, a rightward shift results in location 211 then being empty, that means that the next
packet that is supposed to be read out has beer delayed by too much, and is lost.
30 Inmost cases, the system will simply read the nextpacket after the next shift, and the
~ infrequent lost packets are acceptable. However, if the system reads a number N of

consecutive empty locations, this means that a burst of packets have experienced an
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probability of loss. If however, a burst of packets are del ayed, then the
systemw || potentially |ose several consecutive packets, resglg TARR i2‘ﬂ05
| ower quality voice transmission. 5 Due to the fact that it is desirable;
for |aten¥® mai3ml7ai zati on purposes, to minimze the length pgfakhpseyy fer
104, a long buffer that would handl e potential packet bursts is
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i n which tR{lbafeYptas BERRIBbES IR0k ko e pad out
location in figure 2 from buffer 31%“%%%&?‘%%?%'5%8% %%ad&%pa&g?téé)f’ on
of burst deemyhe rightriust kcatiaf inttheffep 104 that tdeaineagackst. | ocation, and t hus

the length of the b f{ser,. i S re%ﬁrned to location 211 as before the burst.
Fig. 4 shows arf'®R Ve FLARY O hepagkets 18 "topdpis”. dhat is paghetspaavioustoding i on.
The afir angqympBlhatitetEhive shréad ' i Ofed QL 961 L0,
facilitate thegtrpgadei ng out o? b?‘ﬁ} %%ﬁﬁgﬂﬁ?) I’?(I)‘%I%B%? é%’st%%i}fosﬁ a%%?%‘r‘?‘“am_,
the | ocat ipapkel$ arelaesipnéd a aégative del2R0Thispsidpacketsiflacklito tHesigt 8 lakidi1 1
information. If a t?ngket .exists in |ocation 211, then decision point 40
wi Il t r an@fePacksis: thal T9qyitE |2gpseative delay it exder e make theic nptvedrlstdelapipdus 8w st er
i's then shjgtigd.! ' : 405, . t hereby placi,ng, t he packet
previ ously ilrrtllgﬁaolggg%yoarﬁfd g‘iéi ?‘E%%C%ke&a%g%ﬁf’ay?d&uﬁ fiootﬁe ﬁ%&ﬁg cgmiseta@'éﬁa
| oop 450, psdiet prmeeisaslydiscisees Fehealkiph) if Bk tRAethS dta 8k R geddag out
as previ ouscLél described, 20 If, upon (;hﬂ%cki ng quatﬁ%ﬁ&gﬁ, It igeé‘oggéfnd to
be emp?y, @A Padet SxrsEicpersnenoFkelay ofB Jispeomdastwill requine adelay ofinegative408.
The countgr begins at zero. After the count is increased to block 408,
dedi si on point 407 determines if the count has reached the predeternined
count. The predesbswih NERigtUdéechhd mﬁﬁd-m@fwﬁéﬂy&%@nﬁ%ﬁé}&@ﬂ@&ﬁogf
rea

consecutiyve _storage locations in buffer 104 that” arrive enpty at out

| ocat i on 21 Presymingibiat eack shifi tequirdse 15 seconds, tharegemplarg packeBdiséussedabuovd be

di fferent | b re specihfically,, if every packet —arrjved within the

time |i m‘%@ﬁfi \#glp llafcﬁg%l' gor?ﬁ{f?f' ié't‘:ﬁ%s $'B8 ck‘gnﬁ‘ﬁrﬂﬁﬁ@@ntbﬁéﬂﬂﬂqa@?n each

ri ghtasar chifty, hiid SuBAGKetoraB ORb 16&HE 28y, ﬁ&g pﬁﬁﬁ‘ﬁl Qhtlvihgltd! IaleQ6 BEraD it 1
shitt ts in [ocati

If, after reading out a packet, a rightwar res on 211
then bei ijlidwmiacedinatosation selatint totlixatinn 218 amhsiohtthatditofithe pachpe agivine be

read out .has begn del ayed. by o c¢h, and is,lost. 30 In nost cases, the
system vm't??aﬁl& W&VF%%HXE%JO%&?P%B gu(‘;‘ﬂﬂf’e Hadeut prseapenge fegm dqcatigm 418 ifthe

[ n%equayﬁtm%eg%gﬁ@ﬁﬁge@%ﬁm@l e. However, if the systemreads a
number 0

H the count has not reached N at decision point 407, then the register is shifted again
20  and the process repeats itself, continuing to count empty storage locations at the decision
points 403 and 407 until that count equals the predetermined number N.
When N predetermined consecutive empty storage locations are read, the switch 250
is activated at block 409. The switch 250 causes the read-out point to be location 218, rather
- than location 211. Atblock 410, a packet is read from location 218. If the burst is ended, at
25  decision point 411, then the switch is deactivated in order to return the read-out point to
location 211. Ifhowever, there are more packets within the burst, then the packets continue
to shift left to right at blocic 406 and continue to be read-out of location 218 as indicated in
flow chart of Fig. 4.
Note that as the packets are read-out from location 218, all of the locations left of
_-30_ location 211 (e.g., 201-210), continue to be shifted as well. This has the effect of msuring
that once the system completes reading out the first packets which are stored to the right of

the location 211, and then the switch is .deactivated,- all of the subsequent packets will not

7



consecutive enpty locations, this neans that a burst of packets have
experienced an 6 2 8 APR 2005 WD 02/ 37773 PCT/ US01/ 43033 abngrg@pw(«zg g
del ay throuqh t he network, and nmaybe lost. In such a situation, the @gtem
will att B85 ecover fromthe | ost burst of packets by PEHYSHE3053y

readi ng packets out fromthe rightnost |location in buffer 104 that

cont ai Nns aeprResRempiPloRAfdRt s arrive, if any of the packets are "too late",
that is, packets previous to the 5 arriving packets have al ready been

conveyed out ofltisowded that the two tivepetinpositeriag laemyrand ipagket pas aibabaityg each

assi gned e | ve del.ay. T , all packets placed to the right of

| ocat i on 31@3 ?“b&’&ﬂ‘é‘?é‘ %trfg#grf:’étq‘éf?‘?gmé)ﬂ?&j@ﬁ afdhejeysigm. Spenitieally durmgk e
their net wRikaodel¥ad UStehd ﬁﬁl,gg;,i % : : el yin

gat eway add u?) f&%). thé 'tgta 1!i‘lxe déeqqa ugggagggﬂggéé%%%{aﬁﬁgﬁag“%é’ %fd()usl y
di scus$ed .acéeptingx givehamoiuht ¢ fyackariass. WileA: busst 80§19RADatleetdsccarsS 8caReEH 10
and t he packgéﬁax eriences a network delay of 2.3 seconds, it will require

a del ay ofrf8 ork copgestion gHuatipnrthe buffer i temperuily lsaathened, prrfersblynihi ch

packet s ' | 0 ) hat, each shift reguires
T Soconqu iy REfAuBu BEAIIER watslt ot hEBH R bR o BRE e bl e

| ocati on 2ot Byst.s dHplaet, teckite thaokeidedidefyia oliBitembblar nll MR RR&t RN 15
shifts, and thus, .3 seconds, fromlocation 218. Each packet arriving too

late to bEMaABAS pagketsfubjeck o e hued ateronveysdalatansy isshairipreblem. | ocati on 218
and sych that gl. t.4 ts.arrivin 00 late t.o be read out of

| ocat #f)n 211 vmﬂll% o {gdrtgﬁdB %E%%enabggaggﬁgggeﬁ ﬁ“&ﬁ?ﬁf@%wiw?%@%% 'P?éﬁg st em
began reaplifftg laagkeths ihvamioalis not o TG0 Ubord 8Secitially e Bdelli Al kSion
point 407, theﬁ%?he register is sh?fted agaiﬁ §§e6: andS’i hellgr orgkgzlsmrgg%gats

i tsel f, comlementedyenireBoimsolwpey Nomrallye phaets pxpesieacing edeley iofiabave poi nt s
403 and 40r7 un '.Iedt h%t (\:‘pui e l.ia| srcghe qore eterm&%d nunber N. Wen_ N
predet er (R Red- CORSELULT VE ?Erﬁ’tua’ ¥ g dizrardeg. BeVEYR Mesysieaymay Rscesiam by 250
I's acti vaheekias th Gk 48p of&uch 'Eﬁa\aﬁﬁhaa%& irfeH nuQieRt be
| ocation 218, rtather than?locat\ilﬂc?n 211. At I@kéﬁ%g?eg&ﬁggwﬁcgwtggd

f r om I5oc FoRsasutdveBpacketstexpenences aidslagbdpehd the pP&dettemisddovahpni I theddrbup olien
the switch js deactivated |j rder to return the read-ouyt point to

n
| ocat i on PAFHELS F@%’\?@?’,ﬂgtﬁ‘f@#‘éie EXF5Pds 1he qredeterpriped] yalug Npthes the delayed he

packets Gaatdid @ not discarded, but are instead processed and converted to analog signal for

—+

-

conveyance to the user. Thus, 2 more general sense, the invention comprises processing or
conv;cyance to the end user all packets that experience a delay less th:;m a predetermined

20  value, and not processing or.conveying packets that experience a delay beyond said value, -
unless a specified number of consecutive packets experiences excessive delay.

Figure 5 represents an alternative embodiment of the invention. Although the basic
functionality of the arrangement of Figure 5 is sin-';i}ar to that of figure 1, the tasks performed |
by each block are slightly different.

25 . The NIC 160 performs the required network protocol interface functions. Examples
of such protocols know in the art are UDP/IP and Asynchronous Transfer Mode (ATM).

Block 102, the Packet Regulation Module (PRM) , performs the basic packet
processing and parsing of information. PRM 160 extracts time stamps and data, as well as

- any other relevant information, from the packets. The PRM also is responsibie for assigning
30 the local receiving time stamp to each packet, recording time on the local receiving clock
that the packet is received. The PRM implements the processing required to maintain the

histogram discussed previously, to calculate the optimal latency, and to store, sequence, and

8



I

to shift left to right at block 406 and continue to be read-out of |ocation
218 as indicated in flow chart of Fig. 4. Note that as the packet re
read-out fromlocation 218, all-of the |ocations left of 30 o%ﬁfgﬁ%%g%ll
(e.g., 20%0223y773continue to be shifted as well. This has phgucéfigsis of
insuring that once the systemconpletes reading out the first packets

whi ch are t rd t | ocat.jon 211, and then the switch is
deacti vat e%%&)%ﬁ?ﬁwg% c{c\%g. si}ge%@ﬁ'\?o %g?}'ﬂ’ért‘eé ‘t\i‘th?ash tpagkels Bayerigen delgyeapin

02/ 37773 RETLSEABORS tHe§ g ti Lt e S t wo
conpeting criteria, Iatfancy aﬁgﬁ%gggﬁs&f%@g@.pﬁgﬁmeﬁén@iﬁwﬁéaéﬂé?

di f f er ent T5P4R)y Fentends agadgint frometie tystems and haplenshisaal] of tiidprodessin@or the
Speci fi cal Ié/ &ju(f.i n or nal o%erati , latency is mnimzed by using a

rel at i vel yIehediisred breutyek heipiy ha BRI, vy be ITIIERCRIRG UnsolbrpaSRe

| oss. Wherdigdtapsi : { C N dden network

G e By T B, S ednilbn T o3

congestion situation, orart’l ferably by

changi ng the r additteri Bufiitri module d 62 hstdreaittle pakkéth ¢n RaAKRIS tedi AL hadi@t fe
sudden bur,st of .delay are not |ost. However, because the extended delay is

only tenp8PRYSE the, APERoRRats amowRteas sperified hy (hscRRM: and by discussed faboler st

are conve | i : -8 t..1S N d t hat .whi t he above
descri besE'Eﬁﬁgm}ﬁ{ai’d %é&?‘é%‘ﬁ&%?&oﬁﬁ%%% g%gso B o1 ag)lp V- #&r ]It“ﬁ-ger may

i nvent i onbé 8 sequenceoof timers dhat sblotite specpriate Atk Yo rdal®ut Ba@PacRs, may be
implemented entirely in software. Normally, packets experiencing a del ay of
abovell  predeterm *HE TGBRIENg\GWP dbaxesiepode thii datar (163) dndwentput itt fre 2ayst em

may ascertai.n SRSk _ ' st amp_on _each packet, whether qr .not a
pr édet er miﬁedPtﬁﬁer%er ﬁﬂg{' gq% }ag%%ds? ] ﬂforaygg 63@&3&35Jé§§5&5°§“‘@5§13y%8%‘9c%eyond
t he prededrenyemmdpraiewtzstindtionhe group of packets experiencing such del ay

exceeds the predeterm ned value N, then the del ayed packets are not
di scarded, butWhHe thahavgdefnesths prefemertiervbodimentof the immation, ‘wiripnabtHeor

conveyan . Fhus...a nore gener al nse, .the [nvention conprises
processi ﬁ‘g"&é?“&@gﬁ Vgﬁétiédndétéo?sow‘}ﬂ)g a@ﬂﬁegtslg ?h"éF P?§£ Rithe a?‘hkit’s 1glepded Baidhc 5

del aysl ednvention ba cphSERIdED BoR@Tal R Sichdakigti ﬁnﬁ i M S vle? ing
packets that experience a del ay beyond sa? vglr}ggt?lwcgt?l essggfaggé@?#;fgyd
nunber ofPEYARGEEPE WS thrsanpendedslgions. ences excessi ve del ay.




Figure 5 represents an alternative enbodi nent of the invention. Although
the basic functionality of the arrangenent of Figure 5is simlar to that
of figure 1, the tasks perfornmed by each block are slightl ﬂg}‘é&t)‘lerent. 25
The NIC 160 perforns the required network protocol interf#ag 8% ons.
Exanpl es of such protocols knowin the art are UDP/IP and Asynchronous
Transfer Mode (ATM. Block 102, the Packet Regul ation Module (PRVM ,
per f or mewHEDer PR AIRAGKet processing and parsing of information. PRM 160
extracts tT1me stanps and data, as well as any other relevant information,
fromthe packets. The PRM also is responsible for assigning 30 the |ocal
recei vi ng at.i 0.each packet, recording time on the |ocal receiving
cl ock tﬁé&ta ar%tggg%{lgrf%ngr eceived. The PRMinpl enments the processing
required to maintain the histogramdiscussed previously, to calculate the
opti mal latency, and to store, sequence, and 8 WO 02/37773 2 8 APR 2005
PpCT/ Uso f/blfgfg"a@%@é%%&f’ts f W@lvﬁgé‘wg{ %&atamréwm gnd tg|facilitgietsequentid geddputanf shidast N
packet s phekess, een del ayed, in orderto account for the burst del ay
di scussed above. The PRM effectively nonitors packet receipt, controls
readout fromthe system and inplenents all of the processing for the
met hods 46 A ] : ek be i mplenmented in software
on a5 RSP RLHRRE IBLRIoK RPN T ol RSGHT pafie TR SRRt g ot
conbi natfisei nstwaskcmsesTpredemtingd didyfobaracedstice (dl&2d pdckétes the packets in a
manner that each packet is delayed the appropriate anount as specified by
the PRM and as di scussed above. Effectively, the jitter buffer is the
del ay i AtApmmrecofataiailsehssindaidpesdeterniibed Héthy SHarfelds86 Rnpriea eapgence of
tinmers tha}% sctats the appropriate time to read out each packet. 10 The
remai ni AYPPHRST Boeialpesgls aprhang e the ¢y nefwarkat e e sueh thet pasketasdreapad at e
dest i nabit@Tf the Bigretl ofdr isfiaks &Eﬁ%e@g%&ﬁ%?ﬁ ﬁ@yﬁgﬁave%lr{e | oL TRl by Qut
devi ce, %r any appropriate destination. i1'e the above defrnes the
pref er r g befBodi ment of the inventi on, various other nodifications and
additions will be apparent to those of skill in the art. It is intended
that the invention be construed to cover all such variations and
nodi f i chtAmpastestrdiclaim 2| fusthar kbmptisieg changing said location from which said packets are

sequentially read a second time after said specified number of sequential packets are read out of
said buffer.

4. Apparatus of claim 3 further comprising a digital to analog converter connected to said buffer

for receiving the packets after said packets are read out of said buffer.

5. Apparatus comprising a buffer having plural storage locations, the buffer to shift data
sequentially from each storage location to an adjacent storage location, a switch having inputs
connected to at least two of the storage locations, and a processor to control which switch input is
active in response to various delays experienced by data in traversing a network prior to being

stored in said buffer.
6. Apparatus of claim 5 wherein the processor controls which switch input is active in response to

~ adetermination that a predetermined number of consecutive packets of data have been subjected

to a delay greater than a predetermined amount.

10



spirit and scope of the appended clainms. 9 2 APR 2005 WHAT | S CLAI MED: 1.
An apparatus conprising: a buffer to store packets received g?owgﬁg t.a
network, and to facilitate sequential readout of said packets, (074" The B
processor to change a location within said buffer at which the packets are
sequentially read out if said network causes predeterm ned del ay
characteristics to said packets. 2. Apparatus of claim1l wherein said

predet epm ; erg St [ . Of
e R e B R e L
packet sthe@aplets higcted ta a délay greatouthhma prilttermisad amepe bate tedn readietoftie
sequent { ad-. packets have already been read out of the buffer. 3. Apparatus
of claim?2 further conprising changing said |ocation fromwhich said
packets are sequentially read a second tinme after said specified nunber of

sequent ja| packets. ar ead out .of i d ffer. 4. ratus aof claim3
further h . 0 ?{s@laé‘ngll & cownﬁﬁéfii\%“ﬁ?f%@ﬁfﬁe g ﬁg&%éﬁ TPRFTag thedater er
for recabiidhtd MbwHRCKERE SDRAhESigHad Pl cRRGKEISP) 36:5rb&AnO e r@feiveaiggtabuf fer.
5. Apparatus conprising a buffer having plural storage |ocations, the

buffer to shift data sequentially fromeach storage |ocation to an
adjaceng'g5ﬁggﬁg%oh%ﬁ§&:pn, a swtch having inputs connected to at |east
two of the storage’locations, and a processor to control which switch input
is active in response to various del ays experienced by data in traversing

a netwo Lor- LN stpred.in said buffer. 6. argtus of claimb5
wher ei n5 fgér&?l‘élgégé%%khc%}ﬁltcp Bgurghl @ﬁ Sg)ﬁntg@ ﬁdieﬁ*prﬁ%el\’eé%ﬁ%ta PRWOES BBhse to
a det er for ahdwinp s¢duahti-A reudedeifeaidipaddtspaiber of consecuti ve packets of data

have been subjected to a delay greater than a predeterm ned anount. 10 2 3
APR 2005 7. Apparatus of claim®6 wherein the processor again swtches the

active i ppuéss@for (E}fan@%'ftlfeheﬁ%ﬁ fHfthe ANLnAFEHElaBses W Bk &SI Qpdidid ay greater
than a predeterni ned anount have been read out of the
predetermined delay characteristics;

wherein the length is changed by switching the location of the buffer from which packets are read

out.

10. A method comprising:

placing each of a plurality of plural arriving packets into a separate location of a buffer,

reading said packéts sequentially out of a first location in said buffer, and

upon detecting a predetermined number of sequential packets that have experienced a delay of at
least a predetermined value, initiating the sequential readout of said packets from a second

location of said buffer.

11. The method of claim 10 wherein detecting the predetermined number of sequential packets

comprises detecting a predetermined number of sequential empty storage locations.

12. The method of claim 11 further comprising switching the active input of a switch to facilitate

the said sequential readout of said packets from said second location of said buffer.
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buffer. 8. Apparatus of claim7 further conprising a Network Interface Card
(NIC) for receiving the data froma data network, and a Digital Signal
Processor (DSP) for processing the received data. 9. Apparat uschonhF §lito:
a buffer having a length and configurable for storing packets received from
a data network, and for allow ng sequential readout of said packets, and a
processor for changing the length if the data network causes the packets to
experience predeterm ned delay characteristics; wherein the length is
changed by switching the |ocation of the buffer from which packets are read
out . 1013.A methed dowpripng sceiying pheleisipre adataoktveork hatt @bighing ebsitivadeddys to

arrivin | separate | ocati of .a huffer r eadi ng, sai

packet sglég%%g%%?cg*‘)lgég%%texg TRCPE F‘é’Pt"Y"éfé g%]fi%ﬂf ess tg%ﬂ Pt gterapinedy H‘euﬁ%n

det ect angigaingmg%iverd&?a@ﬁ? aﬂle”aibIa}ts &Eeiﬁ&f?ﬂ&i@ieﬁlﬁ@(fﬂéaﬁ d&l&hctn’@@’%éﬁ saidt ]
experi enc a.delay o Je redeternmned value, initjatin e
se 8 uent P rggg?ré"ﬁﬂ‘fﬂ{ﬁa}{‘%ﬁ .Eﬂggl?lep%gigicget? P”ét?h aéfeg@tbvgﬁamgr}egélgiay &R ad¥ St§!§‘eg’f5 uf fer.
11. Therea@dud @sta@in @l stuffeld ShdiBBkdls Heth @pblilde dhBnB KIS &I MlpEih ﬂg&%}%r of

sequenti al packets, conprises detecting a predeterm néed nunber o
sequent feafous lnsptjorsingrbadier.| ocati ons. 12. The method of claim 11 further
conprising switching the active input of a switch to facilitate the said
sequenti al readout of said packets from said second |ocation of said

buf f er . 14 The ngthepRi 2008 11 3rherwrimtht hadketsonpy negating: assigmdduiehyy apaplkaiisnbir om a

d i gni It I | | ) ived af
exper | oheried bR AT BN bl T b Gp i TR b, ana

assigning negative delays to all packets received after experiencing a

delay o re than_said redeterm ned val ue,, and, placing all packets with
a negat {%ggﬁg’ffhﬁ'ﬁé’(ﬁc%é}e’é‘ﬁm&l f pagketsivyth Ropitiye apsignge deley areplacehing a

buf f er 138sioa rtladAck @hch MhdrihA iRSLd 41 V&sAR PalRE IS RorAtdAepgcONd side of a
readout location in a buffer. 14. The nmethod of claim 13 whetrein the

packets with negative assigned delay are placed in a location relative to

each otfieh hifbd LinaiidedivihgBRicets FroRfd hat? Redydfc Y&y plffc:iri)g?c the 8&%@?&8‘ ¥

buffer having a length and temporarily changing the length of the buffer when a predetermined

number of packets experience excessive delay.

17. The method of claim 16 wherein the length change is facilitated by changing the readout

location of the packets,

18. The method of claim 17 wherein the excessive delay is detected by counting empty storage

locations within the buffer.

19. A method comprising:

receiving incoming packets;

processing all received packets delayed less than a predetermined amount, and discarding packets
delayed more than said predetermined amount, unless at least a predetermined number of such

packets are so delayed, in which case, said at least a predetermined number of said packets is not
- discarded. '
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15. The method of claim 13 wherein the packets with positive assigned del ay
are placed in a location relative to each other that is based at |east in
part on the value of said delay. 16. A method conprising recBif/iAfR 288%et s
froma data network and placing the packets into a buffer having a |length
and tenporarily changing the I ength of the buffer when a predeterm ned
nunber of packets experience excessive delay. 17. The nethod of claim 16

of 1 he Bucer SR RRRIE iR G b Al R R BERRLs sy 3"

det ect ebufiiyr. counting enpty storage locations within the buffer. 19. A
nmet hod conpri sing: receiving i ncom ng packets; processing all received
packets del ayed | ess than a predeterm ned anount, and di scardi ng packets
del ayed2hiihe nidiid f2laiin R0 @bt slid st afmu&tssmgl eérﬂﬁsseafﬂalc;ﬁgsiceaswely

pr edet er, m umber of such _packets are so delayed, in which case, said
at | easf® %Vegrpé TR A PORIARRE megrory aidipl 5%13&@%@ pagkeipin angthsrpgrieniof 12 2 8
APR 200@er@ry. The nethod of claim 19 wherein said step of processing

i ncl udes pIaC|ng the packets into a buffer. 21. The method of claim 20
wherein said step of processing conprises placing excessively delayed
packets in a first portion of nenory and pl aci ng ot her packets in another
portion of nenory. 13
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