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DESCRIPTION 

METHOD AND APPARATUS FOR TRANSMITTING AND ROUTING 

VOICE TELEPHONE CALLS OVER A PACKET SWITCHED COMPUTER NETWORK 

This applica~ion claims priority to U.S. Patent Appli­

cation Serial No. 08/542,641, filed October 13, 199~, which is 

incorporated herein in its er.tirety by reference. 

TECHNICAL FIELD 

This invention relates to a method ar.d architecture for 

th~ ::ransmissi~~ and routing of voice signals over a packet 

switched network and more particula~ly to a me::hod and system for 

:a routing and c:::>nvert:ing voice signals between a circuit. swi::ched 

--· 

publi:: telephone network :"circuit swi::ched ::e.::.ephor:-= :-ietwork"' 

ar.d a packer. swic:::!'led computer networ:.:. 

BACKGROUND ART 

The advantages of transmitting voi:::e informa::~on in 

packet form has long been recognized. Packet switching p~ovides 

a ready solution ::o problems where the voice ir.:orma::icn to be 

trar.smitted cc:::urs ~n bursts, with signi:i=ar.: pauses between 

:;.: SS::_ :::>r:S . 

7ra.:=::.::.cna.:. :-:::.ephon;, s-::rvi.c'::-, 

7-::lepho:le S-ar·.r:..::::e ":':'TS";, :.s provided ove:::- a. ::::..r:-:...:::.: sw~::=!'led 

telephone r.etwork which dedicates a sequence c: pr.y~ica: :i~ks 

througr. ~odes c: the =ircuit switched tele~hor.~ ~etwork betweer. 

POTS stations. At each node, incoming voice signals are routed 

~~ the appropriate outgoing chan.~el without de:ay. Circuit 

switched networks typically dedicate a multiplexed communication 

path, in space and/or time division multiplexing, be:ween the 

30 caller and called party which lasts throughout :he durati:::in of 

the call. 
In :::ontrast, in packet switched networks, w~ic~ are 

c.ypi:::al!y associated w:!.th the transmission of "jat.a" rather than 

voice conversations, it is not necessary to ded~cat.e ~ransmissior. 

~~ capacity along a sequence ~= physical l~nks t~rough ~he networ~. 
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Instead, data is sent in packets which are passed from node to 

node througt the network. Each data packet typically consists cf 
several items including the address of the data source, the 

address of the data destination, error checking information, as 

well as the accual data sent. Each node briefly stores and ana­

lyzes the packet and then transmits it to ~he next node. 

Current technologies allow a voice signal to be digi­

:i=ed and compressed. When a number of compressed digitized 

voice conversations are transrnicted over a network, significant 

:;.o savings in bandwidth can be realized :hrough packet switched 

~ransmission of the voice conversations. As noted above, tradi­

:iona: ci~cuit swi:ched networks ~equir~ a cons~an: alloca:ion cf 

bandwidth for each vcice channel on the network. S:atistically, 

:his results in inefficient use of bandwidth due to t~e large 
amou~: o: ::me i~ whic~ reia:ively :ittl~ voice i~format.ion is 

i'J-::-:.r:g ::-ans~i:.:ed. For exarr.pl.:=, f.;:;r many voice =onversat.:.ons <:• 

~ingl~ vo:ce c~anne: at a time is su:::cier.: during a large 

port:on of :he =onversat:o~. ~ompress:on techr.~q~es are avail­

able which redu=e the total voice data ceing transmitt.ed, howev· 

:3 ~r~ these techniques often resu:t in bursts of data over :imited 

durations. ~o accommodate these po:er.:~al b~rsts o: data trans-

miss~ons, c:rcuit switched networks mus: ~:~~cat~ a =onstar.: 

candwidth t~r eac~ voice =~ac~~: whi~~: :~ s~~=i=i~~~:y :arge t~ 

:ne::~cie~t a::oca:~or. ~= ba~dwidt~ 

work. ?ac~et switched transmission of voic~ i~for~ation, 

con:rast, may reduce tota: systere ba~dwid:~, and ~esu:: in a 

.:G lower cost system, by multiplexin9 a n-:..:mber of simultaneous voice 

-;::onversations in such a rr.anne-::- as to :.ake advar.::.age o: the sta · 

:istical characteristics of the compressed digica: voice data. 
Personal computers eq~ipped with available signal pro­

cessing audio boards allow a user's vo~~e to be ~igi~~zed and 

35 :ransmitted to a second personal computer. 7his seccnd personal 

~omputer will then convert the digitized t~ansmission back to an 

analog audio signal and amplify tr.e signal for an audio output, 

reproducing the first user's voice. A pair of modems are typi­

cally used tc transrn::.:: the digi.:.ized i:::o-::-matior.. 
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!n one mode of operation, the digitized voice informa­

tion is transmitted directly over a circuit switched telephone 

network to the second personal computer. In a second mode of 

operation, the digitized voice information is transmitted via a 

packet switched network to a second computer which is also 

connected to the packet switched network. Typically, the packe~ 

switched net.work will be the World-Wide Internet {"Internet"). 

7he :nterne~ Phone"', available from VocalTech I:ic., Northvale, 

New Jersey, and the Personal Internet companion Kit~ available 

:rom Camelo~ Corp., Dallas, Texas, make use of this second mode 

of operation for communicating between two audic ready computers 

coupled tc the Ir.ternet. 

Tra:ismission of d~gitized voice conversations t~rough 

this second mode of operation over !ong d~stances allows the user 

:c save sign::ica~t amounts o: money. T~is reduced cost is par· 

:!ai:y d rgsu:: c: t~e efficiency c: packet sw~~=hed natw~rks 

Jver =~r~ui: switched ~etworks. Additionally, ~he user's savi~gs 

:s a:so a res~l: ~f ~~= fact that packe: switched networks 

~ypi~ally charge the ~ser based or. either the amount of i~forma­

:c ::on transmi~ted or the user's cor.nect time, rather than as a 

function o: the distance the voice conversation travels, as :s 

typical in cir~uit switched telephone networks. While trar.smis-

~io~ ~= voic= conversa:ions t~roug~ a packet sw::=hed ~etwork ~ay 

The protocols and addressing mechanisms util~zed on 

=:rcuit switched telephone networks and the Internet, however, 

3C are not compatib:e, and therefore do not allow a user to easily 

~stablish a voice conversation across the Icternet which either 

originates or terminates on a POTS station. T~ere exists a need, 

therefore, for a method and system :or establishing a voice 

conversation between a POTS station coupled to a circuit switched 

35 telephone network and an audio ready computer connected to a 

packet switched computer network, such a as ~he :nternet. 

Moreover, because such system ideally utilizes a plurality of 

gateways, er access points, to gain access to the circuit switc~­

bcard :elephone network ~n a.plurality o: geographic locations, 
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there :urther exists a need for a method and sys~em for utilizing 
a plurality of gateways to route voice calls between a circuit 
switched telephone network and a packet switched computer net­
work. There fu=ther exists a need for the method and system of 

5 authorizing such calls. 

POTS users also may wish to utilize the Internet, or a 
similar packet switched computer network, to save money on voice 
conversations between POTS stations. There further exists a 
need, therefore, for a method and system of transrnit:ing a voice 

:o conversation between two POTS stations where at :east a portion 
of the voice c~nversatio~ path between ~he two POTS stations :s 
=ransmit=ed a==~ss a generally accessible, putli= packec switched 
cornpu:er network, sue~ as Lh~ Internet. 

INDUSTRIAL APPLICABILITY 

~he ~bj~~: c: :he p~esent . . 
~nv-en::. :>~ :. s :::::-ovi.de a 

system for estab!ishic9 a voice conversation ~=o~ an audio ready 
computer con~e=:ed =o a pack9: switched ~cmp~ter network, sue~ a~ 

the Internet, to a PCTS station coupled to a circui: switched 
28 telephone ne:work. 

~t is a :urther cbject of :he presen: i~ve~:ion to 
provide a ~e=~od and sysce~ o: t:::-ansmi::i~~ a vc~c~ ~onversation 

swi~-:!":ed 

.. . . -. ~ .......... :··· ........ ... -.·-··"" ... -- ----

system for rou~~ng and transmi:ting voice conversati~ns between 
an audio ready =ornputer and a POTS sta:icr. througr. a packet 

30 swi:ched computer network such as the :ncernet. ~he present 
invention furt~er provides fo:::- a method and system for routing 
and transmitti~g a voice conversation between two POTS stations 
which is at least partially transmitted ever a packet switched 
computer network. The POTS stations are coupled to the system 
through one or more circuit switc~ed telephone ~etworks. A 
routing server is provided for routing calls betwee~ rnul:iple 
destinations o~ the packet switched computer network. A phone 
switch is also provided for converting protoco:s from a packet 
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switched computer network to a circuit switched telephone net­

work. 

BRIEF DESCRIPTION OF DBAWINGS 

For a more complete understanding of the-present 

invention, reference is made to the following Detailed Descrip­

tion taken in conjunction with the accompanying drawings in 

which: 

FIG. 1 is a high level block diagram of a system 

lO architecture ~n accordance with the present invention; 

- = 

FIG. 2A is a functional block diagram of a system 

archi~ecture for supporting a voice cor.versation between an audio 

ready personal computer and a PO':'S stat!.on in accordance with the 

present invention; 

FIG. 2B is a functional block diagram cf a system 

archi~ec~ure =or support!.ng a voice cor.versation betweer. ~wo POTS 

stations acrcss a packet switched computer network i~ accordance 

with the present invention; 

FIG. 3 is a block diagram of a personal computer system 

:~ in which client software of the present invention ~y be embod­

ied; 

FIG. 4A is a flowchart illustra:ing a ~e:hod of imple­

rner.tir.g a phone switch for bridging voice conversati~ns betwee~ 

:he ~acket switched computer ne:wcrk :he ~~r~u~: swi:ched 

~~lephone ne:work in accordance wit~ t~e present i~vec:ion; 

~r~. ~B is a !unc:iona: block diagram cf a phone swit=~ 

;cns:r~c:ea in accordance wi:h ~he present invention; 

FIG. 5 is a flowchart illustrating a metr.od for regis­

tering users with the system in accordance with the present 

30 invent.ion; 

FIG. 6 is a functional block diagram illustrating 

database models in accordance with the present invention; and 

FIG. 7 is a schematic representation of a data packet 

tor transmitting voice and/or control i~formation ir. accordance 

with the present invention. 

BEST MODES FOR CARRYING OUT THE INVENTION 

Preferred embodi~ents of t~e present inventior. wi!l now 

be described with continued reference to the drawings. 
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1. Overview 

FIGS. 1 and 2A show an overa:l view of the system 

architecture. The system is composed of a personal computer 100 

executing client application software lCl and a system server 

5 500. To establish a voice conversation from the personal compu~­

er 100, the client application software 101 connects, over the 

computer network 200, to the router authentication server 500 and 

requests a voice connect:on to a specified phone number. The 

system server 500 uses a specialized phone switch 600 to dial the 

10 phone number via the circuit switched telephone network 300. 

The preferred embodiment includes a plurality o: phone 

swit~hes 600 (FIG. 2Al i~ a number of :~cat~ons. Each o: the 

phone switches 600 are co~pled to both the computer network 200 

and the circui: switched telephone network 300. ~he router 

authen:icat!or; server SOO determines the optimal phone switch .- "I". 
":. v\.. 

to route the call :hrough based on the costs of =onnec:ing t~~ 

~alled party to the phone switch over t~e c:rcuit switched 

telephone network 300, as well as the traffic through the possi­

ble phone switches 600. In an alternat:ve embodiment of the 

:o presenL inven:~on, mult:ple router authenticatio~ servers SOO may 

be coupled to the packet switched computer ~etwork 200 at one or 

more geographical locat:ons. 

7he personal =omp~ter 100 :her. sends t~e ca:: request, 

::ca:..:..o:~ serv':':- 50C, :J ~he p!":.one swi:::-.. ~O~. 7!:~ phn!!-:: sw:.:.:-:: 

~::.on w:..::i t!-.e router authent:.catio~ server ::ac. :>:::- ::-.:-ot.:~~: ~:..r:-::::: 

sec~r~ty means such as a digital signat~re ge~erated by ~r.e 

roucer autr.en:icatio~ server 500. The phone switch 600 sends a 

30 signal indicating off-hook co the circcit switched telephone net­

work 300 and ~ones or pulses corresponding to the called party's 

phone number over the circuit switched telephone network 300. 
The phone swi~ch 600 then waits for an answer signa: from the 

circait switched telephone network 300 indicating remote phone 

35 400 has gone off-hook and answered the call. After ~he remote 

phone 400 answers and a call is established, the phor.e switch 600 

:he~ converts the voice data received from the circuit switched 

telephone network 300 into a format suitable fer the packet 

switched comput~r ne~work 200 and clier.t application software :c1 
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through any of a number of known conventional techniques for 

implementing such a gateway between two networks. Similarly, the 

phone switch 600 converts voice data received from the packet 

switched computer network 200 into a format suitable for the 

~ circuit switched telephone network 300 through conventional 

gateway techniques. 

The personal computer 100 is physically connected to a 

network service provider 220 via a commu~icatior.s link 221 and 

modem 150 as is well known in the art. The communications link 

:o 22: may be a circuit switched telephone network, a dedicated 

c~nnection, or any ot a number of known means. The network ser­

vice provider 220 prcvides the personal compu:er :oo access t~ 

::.he computer network 200. ~he computer network 200 is pref eracly 

the :::nternet. 

2. PC-Phone Client System 

As showr. ::: 
__ ..., 
!:' .;_..:I .. .! , one aspec:: o: the presem: i::1venti::>:: 

may b~ ~mbqdied on ar. audio ~eady personal computer 100, whic~ 

comprises a central p:::-::>cesscr :10, a mai::1 memory 1::, a keyboard 

112, a pointing device 113, such as a mouse, g:ide-control or :.he 

:o like, a display device 114, a mass storage device 115, such as a 

hard disk, and an internal clock 116. ~he personal computer :oc 
also includes a sound device 130, including a signa: processing 

~n:~ :2C. ~he $yste~ c~mpcner.ts c: the perso~a: ~~mputer :oo 

:r:~ocesso:- ::~ wi::.. bE: c::.mpa-::.ble w:i.!:h ar: 
.,.._ .... _ ... 
.J..;. ... L.'t:'..L 8048'5 opera:.:r:~ a: 

33~Hz, ~r greater and most pre!erably ~:nt.el 

at 75MHz or greater. Ot.her computer systems, such as the 

3C tv'.acintosh1'\t available ::::-om Apple Computer, or the Sun SPARC'"' 

Station from Sun Mic:::-osystems'l"I, and other processors, such as the 

Motorola 680x01"1, the Sun Microsystems SPARC~, and the PowerPC'~, 

jointly developed by Apple Computer, IBM and Motorola, are also 

suitable. 

35 Additionally, the personal computer 100 !s preferably 

connected to an internal or external ~odem 150 o~ like device for 

communication with the computer network 200. This modem is 

preferably capable c: transmitting a miniffium c: :~.4kbs, and most 

preferably transmits ac 2B.8kbs or greater. Alte~nacively, the 
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personal computer 100 may be connected via an ISDN adapter and an 
ISDN line for communications with the computer network 200 or via 
an Ethernet connection to a network connected to the Internet or 
any other type of network interface. 

In the preferred embodiment, the sound device 130 may 
be any of a number of readily available sound cards, such as the 
SoundBlasterN card, available from Creative Labs, Inc. or the 
SoundChoice 32~, available from Spectrum Signal Processing. The 
soun~ device 130 is connected one or ~ore speakers l25 and a 

lD microphone :26. The sound device 130 may, optiona:ly, include a 
standard RJll ~elephone jack for connection to a standard analcg 
telephone. 

~he personal computer 100 is preferably under the 
control of a multi-tasking operating system including a TCP/I? 
:n:er:ace, sue~ as that available under Microso:: Windows~, 
MacOS'", UN:X"', NextStep"' or OS/?."". 

The pe?:"sonal :::ompu::e:?: may est.abl:sh a :::onnect.:..on t.o ::.:ie 
packe: swi:c~ed computer ~etwork 200 via a ~et.work service pro­
vider :2c1 ;FI~. 2A). Commercia: network service providers in· 

:o elude: I~T of Hackensack, New Jersey and Performance Sys::ems 
:nte:?:~ational. The network service provider preferably provides 
a Ser:al ~ine !nterne:: Protocol tSLIPl er ?oint-to-Point Protocol 
·ppr connec~i~n to the packet sw:t=hed ~o~puter ~etw=rk ::o. 

:~:er~ace wi:: a::ow the user :o ence~ ::~e =alled par::y•s ~a~~ 
'.)ti:er i::lforrr.a::i..on which the client applicacion software 101 
executing on personal conputer :oo will translate to a standard 

]C telephone number based on the user's personalized database. The 
client applica~ion software 101 may further prompt the user for 
an access name and password, or credi~ card number, each time a 
cal: :s established. Alternatively, ::he client application sot::­
ware :01 may s~ore the user access name and password tor credi~ 
cardl infonration when ~he user con:igures or first uses the 
software 10~ and automat~cally forward the access name and pass­
word '.or credit card} to the router authentication server 500. 

The client application software 101 creates a call 
connection request packet containing :he called par:y's phone 
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number and the use~·s access information, such as credit card 

~nformation or the user's access name and password. The called 

party's number may be determined through an optional local or on­

line directory. The call connection request packet is sent from 

s the personal computer 100 to the router authentication server 500 

!FIG. 2A). Upon receipt of the call connectio~ request packet, 

the router authentication server 500 verifies the caller's access 

name and password and determines the appropriate phone switch 600 

to route the cal: through based on a number o: facto~s, including 

:o :he ~raffic load o~ each of the phone switches 600, and the cost 

of transrnitt~ng the voice conversation frow. the potential phone 

switches 600 tc the called par~y over the c~rcu~t switched tele-

phone network 300. 

An al~ernative embodiment of the prese~t ~nver.tion does 

r-ot uc~:ize a route~ authentication server. Ir.stead, :~e cl~ent 

application s8::war~ 101 itself selects a phon~ switc~ ~00. ~h~ 

phone swi:c~ 6~~ wi:l itsel: verify t~e calle~·s acc~ss ~ame and 

password or credit =ard information. ~r.e =lien: appl:cat:on 

softwar~ 10: ~~y use any cf a number cf techniques :er selecting 

::) t!"le phone swit=h 600 '. including an inter:ia::.. database :napping 

destination a~ea codes and central office excha~ges t~ phone 

sw:..tches 600. This ~n:ernal database r.lay b-:: ps:-::)di::a.::y down-

!."ar:..::.y· made o:..:: c: s-er" .. :-ice. 

su:;~ as :he ca::er's v~ice ~~pu: or audi~ out~~:. a~d d:3:::=ed 

packets suitable :or transmission over :r.e packet switched 

computer network 200 is well known in the art. A n~rnbe~ of sour.d 

3C devices, such as the SoundBlaster1
" card, are avai:..ab::.e for 

converting between digital and analog audio signa~s. Wne;. 

converting :rem audio input to digitized packet data, the audio 

input is first sampled or digitized. This sampled data is then 

compressed utilizing any of a number o! known speech compressior. 

35 algorithms such as GSM. In the preferred embodiment, ~he speecr. 

will be compressed tc be transmitted at a ~ate o: app~oxi~ately 
10 kilobytes/sec <kbs) in order to make use of a 14.4kbs ~odem, 

leaving approximately 30% of the bandwidth available fo~ control 

informat.ior:. :n the preferred embodiment, th~s algorithm will 
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further be capable of achieving such compressior. on a personal 
computer utilizing an Intel 80486SX operating at 33MHz at less 
than 1/2 full load. 

The client application software 101 preferably is in-
5 stalled via a self-extracting file. The installation code 

determines whether the necessary hardware and software resources 
reside on the personal computer. This will include verifying the 
disk space and the presence of a sound device, and that the 
necessary drivers, such as sound drivers and the Windows socket 

:8 interface ("winsock"l, are installed. ~he installation process 
may also require the user to register with the use~ registration 
server 550 (FIG. 2Ai. 

3. Computer Network 

The computer network 700 is preferably the World-Wide 
- ~n!:ernet '"Internet":. The Internet is a world-wide network 

:::o!'lnec::: :..ng t:housands cf computers ~"hosts" l and computer ne: -
works. The Internet is organized as a ~ulti-:evel hierarchy 
containing local ~etwo~ks connected to a n~mber o: regional, mid­
level networks. Each of these regional networks is connected to 

23 a backbone network. 
The dorr.~nant protoco! used for transmitting information 

be:ween =ornputers Or. :he :nternet is ~~e ~~ans~:..ssiO'- C~~:rol 
= __ .... """_,.... .. .. - ··' ... ._, ___ . 

:::::>mmunica:::ions tc specify a par::..ct:la:: ::.::::w::>:::;: ::::: -:o:"::pt~:-. .::>::- ::>r. ::::l1:2 
~e:work with which to communicate. '".:ompt:te:rs ~ay 
use the numeric internet address or, a:c~r~a:ive:y, a host r.ame 

3C plus domain name. Host and domain names are ther. translated to 
In:ernet addresses by a resolver process. 
4. User Registration Server and Billing Server 

Referring now to FIG. 5, we describe the user registra­
tion server 550 and the billing server 560. ~he system prefera-

~= bly :..ncludes at least one user registratio~ server 550 wh~ch 
stores user information, including ac=ess ~amc, password, and 
billing information. The user may register either manually o~ 
through i~teraction with the client application software 101. 
The database is available to the other components of ~he system, 
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such as the router authentication server 600 and the billing 

server 560. 
The billing server 560 (FIG. 2A) maintains a database 

of call history for each call established through the system. 

5 The billing server 560 will bill the user, either immediately or 

on a monthly basis. The charge may be submitted directly to the 

use~'s credit card 

5 • Phone Switch 

Referring now to FIG. 4B, the phone switch 600 acts ~~ 

convert between the packet data transmitted over the packet 

switched compu=er network 200 and the information transmitted 

~ver tne circuit switched telephone network 300. The inf~r~ati~r. 

:ra~smitted over the circuit switched telephone network 3~0 may 
be in any of a variety of formats :a:so know as "protocols":. as 

described below, including analog or digital transmissions. 

The phone switch 600 :ur:her performs :he :uncticr.s 0: 
data buffering 6:: and data injection 6:2 to smooth delays by 

~sing windows c: several data buffers that :nitia:ly cc~ca:'- data 

representing silence and overlaying time-stamped incoming pack-
: 'J s-ts. The buffering technique is used to smootl:: ou: t.he delays 

due to packec :ransmission. The phone switch 600 :urther per­

:~rms compression and decompression 6:3 througt any c: a ~u:nb~r 

~= k~ow~ :echniques. 
". .. . :: :. ·.::.::.~:.l : :: : ~: :- w:: 

network 300. The two portions preferably corrunu~icate :~rcu~h a 

data bus. The routing portion performs :he fun~:ion o: routir.? 

30 multiple connections over the packec switched c~mputer necw~rk 

200. 

The voice processing card portion of :he phone switch 

600 consists of one or more voice processing cards, also known as 

telephone interface cards, which are typically inserted i~t8 in· 

35 put/output slots in the phone switch 600. The voice processing 

cards handle call control, including sendicg er detecting the 
apprcpriate signals for going off-hook, d~aling phone numbers, 
ring detection, answe~ detection, busy detectior., and dis~onnec= 
detec~ion ar.d signalling. ~he voice processing cards als~ 
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perform analog ~o digital (A/Dl and digital to analog <D/A} 

conversion where the i~terface to the circuit switched telephone 
network is an analog format or protocol. Alternatively, the 

voice processi~g cards perform the necessary protocol conversion 

where the circ~it switched telephone network interface is digi­

~al, such as a 71 connection. These conversions are typically 

~ransparer.t to ~he routing portion of the phone switch 600. 
Additionally, che voice processing cards perform data compression 
and decompress:..on as described below. Vcice prccessi~g cards ar.d 

associated sof~ware drivers are available from a nu~ber o: 

mam.:fac::.:rers, ::..ncluding Dialogic, Rhetorex, or Nationa:.. Micro­

systems. Eac~ voice ~rocessing card preferably proviaes a multi­

channel :r-ce~:ace for ~andl:..ng several simu::anec~s ~hone conver-

sa~ions. 

Refer~i~g ~ow to F:G. 4A, cal: estab~:shmer.: and 

phone network :s desc~:..bed. ~he phone sw::c~ ~:: is an event· 
d~iven system. The ~hone swi:ch 600 typica!ly ~us: respond to 

:he following events and perform the following ~unc:ions: 

• Es:ab~ish new calls upon ~ece:ving an authorized 

• 

• 

• 

call connectior. request packet. 7he ~hone swi~ch 
600 rr.ust veri!y the connecti~r. r~q~es: ~acket, 

ing a disconnect signa2 o~ tte se:-~p channel :rom 
:he ci~cuit switched te!ephone ~e:wor~ or a dis-
connec: packet through ~he packec swi:ched comput· 

i:r network. 

Decompress digital packet data fro~ t~e packet 

switched computer network upon receiving a voice 
packet, a!ld convert co a forma: "protocol": sui:­
able for the circuit switched ~elephone network. 

~igitize and compress voice da~a =eceived :ro~ the 

~ircui: switched telephone network and convert :o 

a packecized protocol :or the ~acke: switched 
compute~ network. 
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Perform audio buffering . 

Perform database updates for billing purposes on 

establishment and disconnection of the voice con­
versation. 

6. Network and Communication Protocols 

The general mechanisms and protocols for communicating 

through packet switched computer networks, such as the Internet, 

and the circuit switched telephone network, are known in the ar:.. 

See, e.g., Stallings, W., Data and Computer Communications, 

lJ Second Edition, Macmil:an Publishing Co. ~1988). Communi~atio~ 

over the packet switched network is preferably implemented 

:hrough a set of standardized application layer protocols. The 

mos~ preferred embodiment of the packet swi:ched computer network 

uti.!.izes the TCP (Transport Contra: Protoccll and Internet 

Protocol :IP proto~olsl, or al:.e:?:"natively, :.he OSI :ayer mode:., 

:c 

whicr. are also well known in the ar~. .See, -:: . g., J'v'.:art.:..n -.., . , 
TCP/IP Networking, ?TR Prentice Ra:.l ,:994i. 

The phone sw:.tch 600 is preferably adaptable to a var:­

ety cf :elephone network interfaces, however, most preferably 

supports ~onnection to a digital Tl line. typical POTS 

service, analog telephone wires extend from a use~·s POTS set to 

a telephone corr..pany central station wh:.:::-: (::;::ve!:"ts the analog 

telephone signals to digica:. signa:.s by sa:;:.ing. =~·band 

signalling :.s ::ypica::y used to ::ra::s::-.:: -:s::.::. :·:::::!:::::. ::.:!f:::::rma-

:.ion. '!'he analo9 si·3'nals are ~:rp:..ca::~~ .::=:a::-:;...:.-::-d ::: :- , C~·8 samples 

signa:.s are CQrnmor.ly combined ever a =~~~ w:r~ :.:.~~ ~ommo~ly 

~ailed a T: line. Each Tl line multip:.exes 24 voice channels by 

weli known multiplexing techniques, in acccrdanc~ with the 

3C standards established by the :ncernationa: Standards Organization 

(ISO>. See, in general, Stallings, Data and C~mputer Communica­

tions, (ch. 6). Modification of the phone swit~h 600 to support 

other p~otocols, including Comite Consultatir Ir.terna:.ional de 

Telephonie et de Telegraphie (CCITT} El :ines, or other digital 

~~ or analog transmission protocols, would be obvious to one of 
ordinary skill in the art. Methods for establishing telephone 

calls from the phone switch 600 through the telephone r.etwork 

~nterface are also known to those of skill in the art. 

13 
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In order ~o reduce packet overhead, and because errors 
detected by the TCP protocol may introduce excessive delays not 
suitable for voice conversation, the system preferably will use a 
connectionless transport layer protocol for the transmission of 

5 voice i~formation over the packet switched computer network. 
Such co~nectionless protocols provide no error recovery and do 
not ~uarar.tee sequenced data delivery. The most preferred system 
will utilize the User Datagram Protocol (UDP}, which is well 
known to those of skill in the art. See, ~.g., Martin J., TCP/IP 

~J Networking !ch. Sl. Certain control infcrrnatio~. however, such 
as ca:: connec':ion requests and database information, pre:erably 
wi:: use the ~2P protocol rFIG. 48). 

Referring r.ow to F:G. 7, the ccntent o: the packets 
:ransrnicted over :he packet switch computer network wil: be 
desc~ibed. Each packet wil: have a command, :01:owed cy a 
r~:lnec:ion 'Cor..nidi , fol~owed by the data for that :ype o: 
--:::xnmand. Tho:;. connection id is used to determine :he higher level 
:::onne:::iG!"!, an::! optionally to demu:.tiplex :nany connec:icns f:::-om a 
single host. ~he packet data may be encrypted for secu~ity 

:~ ~eascns and ~c protect the user's privacy. 

.:..nclude: 

35 

The differen: types of commands supported by the system 

• Re~istra:ion Reques~ 

• "::':):':"' .. ~ar.::i 

• ·:::ir.r.:d 

• :Js.:::.- r-ame 

• Password 

• Credit Card !nfo 

• Authorization I Routing Request 

• Command 

• Conr..Id 

• !:>estination Telephone 

• User Name 

• Password 

• Phone Connec: Request 

• Command 

• Co:mid 

14 
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• Destination Telephone Number 

• Server Key 
• Compression Schemes 

• Voice Data Packet 

• 

• Command 

• Connid 

• Voice Data 

Phone Disconnect Request 

• Command 

• Conr.:d 

• Registra:~on Response Packe: 

• Command 

• Con:l:.d 

• Res~:.~ :>a:a 

• Au:horiza~~on ~outing Respcr.se PacKe: 

• Command 

• Conn:d 

• Stat:i.s 

• Se~"J-=:- Key 

• (:cm.9:"~a:ld 

• Con:-i:d 

• Res~:.: Dat:a 

• Error Packet 

• Command 

• Connid 

• Reason 

Referring now to FIG. 2B, a system fo~ ccr.nec~i~g two POTS 

35 sets, wherein at least a portion of the call c~nnection path is 

traversed over a 9acket switched computer netwo~k. will be 

described. A first user goes off hook on a first ?OTS set 401 
and accesses a first phone switch 650 via a first circuit 

switc~ed telephone network 30C. The user then e~:ers T~ucr. ~one 

15 
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data, including billing information and the called station num­

ber. Tone detectors on the first phone switch 650 capture this 

data. The first phone switch 650 then generates a call connec­

tion request which is forwarded by the packet switched computer 

network 200 to the router authentication server 500. The router 
authentication server 500 selects a destination phone switch 680 

and returns the network address of the destination phone switch 

600. The f~rst phone switch 650 then accesses the destination 

phone switch 500 and calls are processed as described abov~ :or 

:o compucer to POTS calls. 

7. Database Engine 

Referring now to FIGS. 5 and ~. the database 580 will 

be described. The database 570 stores tr.e rou:ing, registratior., 

a~che~ticatio~ and billi~g data and may be e:..~her distr~buted or 

- ::::.::nt.:?:"a:i::ed as is known to those ::::: ski::!. ::1 :.he ar:-.. A ~umbe:~: 

. ..., 
j -· 

~= v~ndors provide too~s f~r constr~c:i~g s~ch databas~s. inc~~d-

.:.n9 Sybase a~d Oracle. 
The database 57C :..ncludes da:a relating :o user and 

bi:l.:.ng :..r:forma:ion and serve:?:' routing information. ':'he database 

570 wil: incl~de a record 582 for each p~one switch 600 including 

:he pho~e switch's Internet IP address and por: n~mber, as wel: 

as ::s phys:cal location. The phone swi:c~ rec~rds 582 wi:: be 

sw~:~~ :~ ~o~te a given call :c. 

~ ~ ~ 
~ ~ . -· -- .. S:l:'.:!: : !':a: 

Each user wi:l be represented by a user record 5El 

wh::...:::;. w.:...;.1 C:l:-i:.ain the user's name, address and t'=::.ephone numb~::. 

Ea=~ user record 581 will be mapped :o several other :ields 
records, inclu~ing: the user's credit card record 584; an 
authentication info'!:"mation record 585, incl~ding ~he user's 

password; and a set of phone call records S86 f~~ ~ach ca:: ~he 

use~ has made i~ a certai~ time frame. Each cal: record will i~· 

35 elude the cal:'s start time, end time and bil:ing rate. 

:t is understood t~at various other modifications wil: 

be apparent to and can be readily made by :hose skilled i~ the 

arc without departing from the scope and spirit of the present 
invect:ion. Fo:!':' ;:xample, it will be apparent to thos~ o:'. skil: ... 

16 
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the art to substitute digital or other telephone sets or other 

user phone systems, such as a PBX (Private Branch Exchange}, in 

place of the POTS sets described. Accordingly, it is not intend­

ed that the scope of the claims be limited to the description or 

~ :::ustrations set forth herein, but rather that the claims be 

constr~ed as encompassing all features of patentable novelty that 

reside ~n the present invention, including all features that 

would be treated as equivalents by those sk:lled ir. the art. 

1.7 
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What is claimed is: 

l. A system for routing and transmitting voice 

conversations, said system comprising: 

a circuit switched telephone network support~ng at 

5 least one voice protocol for routing and transmitting voice 
conversations; 

a plurality of telephone sets coupled to said circuit 

sw:tched telephone network, each of said plurality of telephone 

sets having a unique telephone number for access through said 

10 circuit switched telephone network; 

" c: 

20 

a packet switched computer network supporting a digital 

data packet pro:ocol; 

an audio ready compute:- coupled to said packet switched 

computer network, said audio ready computer for =onverting analog 

voice signals into said digita: da:a packet protocol and for 

~onverting dig::al data received fro~ said packet switched 

computer network :nto analog s~gnals, said audio ready ~omputer 

genera~ing ar.d forwarding ~pon user command, via said packet 
switched computer network, a packetized call con~ection request 

comprising a called telephone number; and 
at least one phone switch having a network address on 

said packet switched network and coupled ta said circuit switched 

t~lephone ~etwork, said phone switc~ :8~ es:ab:ishir.9 a vcice 

voic.ra p::::-ot:ocol, 

whereby the audio ready compu:er establishes a voice 

30 connection by forwarding a call request containing a unique 
telephone nu:nber to the phone switch which establishes a voice 

connection to the called telephone set and cor.verts the protocols 

between the c~rcuit switched telephone network and the packet 

swit~hed computer network. 

2. 7he system for routing and tracsrnitting voice con-

versations o= claim l, where!n said audio ready ~omputer =urther 

comprises: 

a database for mapping telephone area codes and ex­

changes to said at least one phone switch; and 

18 
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a selection means for selecting a one of said at least 

one phone switches based on said database mapping. 

3. The system for routing and transmitting voice 

conversations of claim 1, wherein said packetized call connection 

5 request further comprises user payment informat~on; said system 

fer routing and transmitting voice conversations further compris­

ing an authentication means for verifying the user payment 

:.n:ormation. 

4. The system for routing and transmitt:.ng voice 

2onversations of claim 3, wherein said user payment information 

comprises a user password. 

~. The system for routing and trans~itting voice 

conversations of claim 3, wherein said user payment information 

comprises cr:di: card information. 

The system fer routing and trans~itting voice con· 

v~rea~~~ns o: claim 1, wherein said packe: sw~:=~ed computer 

:ietwod: is tt.e Internet. 

7. A method :or establ~shing and tra~smi::~ng a voice 

::onversation between an audio ready computer coupled to a packet 

20 switched computer network and a telephone set c~upled to a cir· 

cuit switched telephone network, said method ~:ili~ing a phone 

swi:ch coupled to said circuit swi:ched telephone network and 

sa:. ::i pa::ke:: :::wit>::hed 

.:;a=.::: audio ready computer tQ said phcn-:: ~w::~;~ .. ; 

ibl establishing a voice connectior. b~tween said phon~ 

switct. and said telephcne set through said ::ir::~i: switched tel~-

3~ phone network; 

(c) transmitting, in a digita: packe: protocol format, 

voice ir.put received by said audio ready computer during said 

voice conversation to said phone switch via said packet swit=hed 

=ompucer network; 

35 (d) transmitting, in a telephone voice and control 

information protocol format, voice input received by said tele­

phone set during said voice conversation to said phone switch via 

said circuit switched telephone network; 

19 
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(e) converting the digital packet formatted voice 
input received at said phone switch to a telephone voice and 
control information protocol; 

(f) transmitting said converted information from step 
S <e) to said telephone set via said circuit switched telephone 

network; 

{g} converting the telephone voice and control infor­
mation formatted voice input received at said phone switch to a 
digital packet protocol; 

10 (h) transmitting said converted information from step 
~g) to said audio ready computer via said packet sw~tched comput­
er network; and 

(i; reconstructing the digica: packet in formation 
received by said audio ready computer i~to an analog signal, 

whereby said phone switch is used Lo b~idg~ :he voice 
~cnversation betweer. th~ circui: switched teleptone r.etwork 
protocol and tte packe: swit~hed comp~:er network ~rotocol. 

8. The ree~hod :er establishing and ~~ans~ittir.g a 
voice conversation of claim 7 wherein steps !c; and (g) further 

20 =omprise the step of compressing the voi=e input before trans­
xission across said packet switched compJter network; and steps 
!el and :ii fur:~er CJmprise the step o: decompressing the com· 

30 

~ress~d voice i~put. 

. . . .. . . . 
~s~~~:~~g sa~~ pnon~ sw::=~ 

phone sw:t=hes ~oupl~d :o sa:d packet swi:ched network, said 
selection based o~ a database matching telephone ~umbers to said 
phone switches. 

10. ~he method of establishing and transrnit~ing a 
voice conversation of claim 7 further comprising the steps of: 

transmitting user payment information wi:hin the call 
connection request; and 

ver!Eying t~e user payment i~formation before estab-
35 lishing the voice con~ection of step (b}_ 

11. A system for rou:ing and :ransmit~ing voice 
conversations, said system cornprisi~g: 

20 
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a circuit switched telephone network supporting at 

least one voice protocol for routing and transmitting voice 

conversations; 
a telephone set coupled to said circuit switched 

5 telephone network; 

a packet switched computer network supporting a digital 

data packet protocol; 
an audio ready computer coupled to said packet switc~ed 

computer network, said audio ready computer for converting analog 

:J voice signals into said digital data packet protocol and for 

converting digital data received from said packet switched 

comp~ter r.etwork into analog signals, said audi~ ready computer 

generating a packetized call connection request ~pon user com­

:nand; 
a: least one phone switch taving a network address on 

said packe: switched network and coupled to said ci~cui: sw::~bed 

:elephone ne~work, said phone sw~tch :~r establishing a voice 

connection :hroug~ said circui: swit=hed teiephone network and 

~or converting voice information and control infor.nation between 

28 said digita: data packet protoco: and said at least one voice 

protocol; and 

a rcuti~g server coupled t~ said packet switched 

~o:npt;:er ::-etworkt said ::-o\!ti:-ig serve:::- ssl-ec:ir.g a 

whereby said audio ready computer establishes a voice 

conversation by requesting the ro~~ir.g serve~ to retur~ the 

38 network address of a selected phone switch, said audio ready 

computer transmits all further con~rol and voice data to said 

network address o: said selecte~ phor.e switch. 

12. The system for routing and transmitting voice 

conversations of c~aim 11, wherein said packetized call connec-

~~ tion request further comprises a user password; said system for 

routing and transmitting voice conversations further comprising 

an authentication means for verifying the user password with a 

system database. 

21 
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13. The system for routing and transmitting voice 

conversations of claim 11 wherein said digital data packet 

protocol includes a connection~ess transport layer protocol, said 

transmission cf said digitized voice signals over said packet 
5 switched computer network ucilizing said connectionless transport 

:.aye::- protocol. 

14. The system for routing and transmit:ing voice 

~onversations of claim 13 wherein said connectionless transport 

layer protocol is the User Datagram Protocol. 

15. A method for establishing and transmitting a voice 
conversation between an audio ready comp~ter co~pled to a packet 

switched computer network and a telephone set coupled to a c~r­

cui: switched telephone network, said method uti:izing a routi~g 

s~rver =oupled to said packet switched computer network and a 

9lurality cf phone switches coupled to said circu~t switched 
:elephone network and said ~acket switched computer network, said 

~ethod comprising the steps of: 

(al ~ransmitting a call connectio~ request packet 

containing a te:ephone number identifying the telephone set from 

:o said audio ready computer to said routing server; 

30 

(bl selecting a phone switch :rom sa:d pl~rali:y c: 

phone switches upon receipt of said ca:: con~ec=!c~ ~~~~est 
packet :re~ said audic ready computer; 

~equesc packet to the selected phone switc~ !r~m said audio ~eady 

establishing a voice connection betwee'- said 

selected phone switch and said telephone set throug~ said circui: 

switched telephone network; 

(f) transmitting, in a digita: packet protocol format, 

voice input received by said audio ~eady computer during said 

·~ voice conversa~ion to said selected phone switch via said packet 
switched computer network; 

(g} transmitt~ng, in a telephone voice and control 

ir.:ormation protocol format, voice input received by said ~ele-

22 
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phone set during said voice conversation to said selected phone 

switch via said circu~t swi~ched telephone network; 

(h} converting the digital packet formatted voice 

input received at said selected phone switch to a telephone voice 

5 and control information protocol; 

(il transmit~ing said converted information from step 

(h) to said telephone set via said circuit switched telephone 

network; 

(j) converting the telephone voice and control infor-

10 mation formatted voice input received at said selected phone 

switch to a digital packe~ protocol; and 

- :: 

Ck> transm~tting said converted information from step 

(j) to said audio ready computer via said packet switched comput­

er network, 

whereby sai~ selected phone switch is ased to b~idge 

the voice conversati~~ between the circ~it switched telephone 

network protocol and ~he packe~ switc~ed computer network proto-

col. 
16. A system for routing and transmitting a voice 

20 conversation between a first telephone set and a second telephone 

set over a packet swi:ched computer networ~ supporting a digital 

data packet protocol including voice and call set-up information, 

said system compris~~g: 

A :irst circ~it-swi~=hed :elephone P.e:wc~k =~up:ed 

said :i~st :~l~phon~ ~e:, saij firs: =i~c~i~-swi:2hed telep~~r.~ 

and =al: sec-~p i~for~atior.; 

a second ci~cuit switched telephone network coupled to 

said second telephone set, said second circuit switched telephone 

?O network supporting a~ least one voice protocol including voice 

and call set-up information; 

a first phone switch coupled to said =irst circuit 

switched telephone network and a second phone switch coupled to 

said circuit switched telephone network, said first and second 

35 phone switches each coupled to said packet switched computer 

network and each having a unique network address o~ said packe: 

switched network, said first and second phone switches each :or 

converting between voice and call set-up information from said 

first and second ci~cu~t switched telephone networks, respectful-

23 
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:y, and said digital data packet protocol, said first phone 

switch further for generating and transmit~ing a call connect~on 

request over said packet switched computer network upon receiving 

a touch tone request from said first telephone set, said second 
5 phone switch further fo= establishing a call setup over said 

circuit switched telephone network to said second telephone set 

upor. receipt of said call connection request from first phone 

switch, 

whereby a first user accesses said first phone switch 
-~· to generate a call request over said packet switched computer 

!1etwork to said second phone switch, said second phone switch 

~hen establishes a call to said second telephone set. said first 
and second phone swi:ches then converting and transmi::ing voics 

:~:orrnation received between said telephone sets and said packet 
. :: swi:=hed c~mputer network . 

17. A sys~e~ :~r rou~ing and :ra~smi::::~g a voice 

::onversation between a f i!"st telephone se:: and a second teiep!-10:1<: 

set over a packet swi:::hed computer necwo!"Y. suppcr::i~g a digi:a: 
data packet protocol inc:uding voice and call set-~p i~fcrmatio~. 

said sys~em comprising: 
a plurality of circuit switched telephone networks ~act 

supporti~g at least one voice protocol i~cl~ding voice and cal: 

se::-~p i~:ormation; 

-~ ::ir:uit swit::hed ce:e~hone networks; 

a p!.ura:it::·l -:.: ~tr.on-: swi::::;-::s -:a::. ~ -.... ·~ --.. :=::;;.::.! 

~acke: switched network a~d at :ease oce c~ - . . 
sa:~ -::.-:-·~:: 5w::~:::-:-:: 

:elephone networks, said plurality of pho~e swit=hes each havi~g 

a unique network address on said packet swi~ched network, said 

30 plurality of phone switches each for conver:::!.ng voic-? and ca:.1 

set-up information between said at least one voice protGcol and 
said digital data packet protocol, at least one origina~~ng phone 

switch of said plurality of phone switches capabl-e of generating 

a call connec~ion request including a called celepr.one ~umber 

35 upon receiving a touch tone request from one of said plurality of 

telephone sets; and 

a routing server coupled to said packet swi~ched 

computer network, said routing server for selecting a se:ected 
phone switch from said plura:ity of phone switches upon receip~ 
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of said call connection request from said originating phone 

switch, said routing server returning a network address of the 

selected phone switch to said originating phone switch, 

whereby a user accesses a first phone switch through a 

5 first telephone set coupled to a first circuit switched telephone 

network and enters a destination telephone number using couch­

tone keys, said first phone switch then transmits a call con­
neccion request containing said destina~ion ~elephone number tc 

said routing server which selects a second phone switch based on 

:o routing considerations, said second phone switch connects to a 

secor.d des:ination :elephone set via a second circuit switched 
celephone network, said first and second phone swi~ches then 

communicate directly through said packet swi::ched computer net­

work coupling said first and said second telephone sets. 
. ::: A me:hod fo::- routing and :::::-ansr.::.:::i:ig a voice c:::a> 

versatior. between a ::.::-st telephone sc~ and a seco~d t:~lephone 

se: ~ver a packe: swi::ched computer network, said method utili=­

ing a rout.ing server coupled to said packec sw:.t.c!-1ed ::::0mputer 

network and a pl~:::-ality of phone switches coupled :o said packe~ 

20 switched computer network, said method compris:.ng ~he steps of: 

<a) accessing a first phone switc~ :rom said =irst 

telephone set; 

d:~: genera:::..r.g a:al:..ng :..:::c:·::::.;:: :.c:: ~::::.--~espor.ding t::> a 

:::!:orrna:..:.~r:.; 

!di ::ransmitt.ing a call connec::ion reques: packet 

containing the telephone number :rore sa:.d :irs:: phone switch 

30 said routing server; 

.. ~ ... _ 

<ei said routing server selecting a phone swit~h :rom 

said plurality of phor.e switches upon receip~ of said call con-

nection request packet from said first phone switch; 

If) transmitting an authorized cal~ connection request 
·~ packet containing the network address cf the selected phone 

switch from said routing server to said first phone swi:ch; 

Cg} transmitting the authorized cal: co~nec~ion re­
quest packet to the selected phone switch from said first phone 
switch; 

25 



. ------------------==~~ ............. =-=-=-=--==~ ............ ----------------

111111111111111111111111111111 
* C L M S * 

W097/14l38 PCTIUS96/16096 

(h) establishing a voice connection between said 

selected phone switch and said second telephone set through a 

circuit switched telephone network coupling said selected phone 
switch and said second telephone set; 

(i) converting the telephone voice and control format­

ted voice and control information received at said first phone 

switch and said selected phone switch to a digital packet proto­

col and forwarding said converted digital packet voice and con­

trol information between said first and said selected phone 

~a swit~hes over said packet switched computer network; and 
.. \ 
t JI transmitting said converted information :rom step 

Ii} between said :irst phone switch and said selec~ed phone 

switch via said packet switched compute~ ne~work, 

whereby said firs~ phone swit~~ and said selected phone 

- sw:~~~ are used to b~idge =~e voice c~~versatio~ betwee~ said 

:irs: :elephone set a~d said second telepho~~ sec ac~oss c~~ 
packe: switched computer network. 

19. ~he method =~~ routing ar.d ~~ansmi:ti~g voice 

conversations of clai~ 18 wherein said dialing inf~r~at~on 

:J comp~ises touc~ tones. 


