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DIGITAL SIMULTANEOQUS VOICE AND
DATA MODEM

This is a divisional of application Ser. No. 08/002 467,
filed Jan. 8, 1993, 1.5, Pat. No. 5,452,285

The specification includes a microfiche appendix con-
sisting of 14 microfiche films having images of 1,172 pages
of soflware program code and data. Specification, drawings
and appendix, Copyright 1995, Muhi-Tech Systems, Inc. Al
rights reserved.

FIELD OF THE INVENTION

The present invention relates to communications systerns
and in particular to compuler assisted digital communica-
tions including data, fax and digitized vaice,

BACKGROUND OF THE INVENTION

A wide varigty of communications alternatives are cur-
renily available 1o tejecommunications users. For example,
facsimile transmission of printed matter is available through
what is commonly referred to as a stand-afone fax machine.
Alternatively, fax-modem communicalion systems are cur-
rently availabie for personal computer nsers which combine
the operation of a facsimile machine with the word proces-
sor of a computer to transmit documents held on computer
disk. Modem communication over telcphone lines in com-
bination with a personal computer is also known in the art
where file transfers can be accomplished from one computer
1o another. Also, simultaneous voice and modem data trans-
mitied over the same telephone line has been accomplished
in several ways.

There is 2 need in the art, however, for a personal
communications system which combines a wide varety of
commaunicaiion functions inte an imegraled hardware-soft-
ware product such that the user can conveniently choose a
mode of communication and have thal communication auto-
matically invoked from a menu driven selection system,

SUMMARY OF THE INVENTION

The present disclosure describes 2 complex computer
assisted communications systern which conlains multiple
inventions. The subject of the present muitiple inventions is
a personal communications system which includes compo-
nenis of software and hardware operating in conjunction
with a personal computer. The user interface control soft-
ware operaies on 4 personal computer, preferably within the
Microsoft Windows® environment. The software conirol
systemn communicates with hardware components linked to
the software through the personai computer serial commu-
nications port. The hardware components include telephone
communication equipment, digital signal processors, and
hardware to enable both fax and data communication with a
hardware components at a remate sile connecied through &
standard telephone line. The functions of the hardware
components are controlled by control software operating
within the hardware component and from the sofiware
components operating within the personal compuier,

Communications between the software components run-
ning on the personal computer and the local hardware
components over the seral communications link is by a
special packet protocel for digital data comemunications.
This bi-directional communications protocol allows unin-
terrupted bidirectional full-duplex uansfer of both contro}
information and data commumication.
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The major functions of the present sysictn are a telephone
function, a voice mail function, a fax manager function, a
multi-mediz mail function, a show and twell funciion, a
terminal function and an address book function. The tele-
phone function allows the presem system 1o operate, from
the wsers perspective, as a conventional telephone using
either hands-free, headset or handset operation. The tele-
phone fonctior is more sophisticated than a standard tele-
phone in that the present system convens the voice into a
digital signal which can be processed with echo cancella-
tion, compressed, stored as digtial daa for later retrieval and
transmilled as digital voice data concurrent with the transfer
of digital information data.

The voice mail funciion of the present system operates as
atclephone answering machine which can receive, compress
and store voice messages for laler reteval or reuse in
1esponse messaging.

The fax manager function of the present system allows the
fransmission and reception of facsimile information. The
software component of the present system operates in con-
junction with other commercially available software pro-
grams such as word processors and the like 10 transmit and
receive facsimile pages of digital data stored on a computer
Sysiem.

The multi-media mail component of the present system
allows the operatar to create documents that inclode text,
graphics and voice mail messages which can be sent as a
combined package over conveniional telephone lines for
receipt at a like-configored site vsing the present system.

The show and tell componcnt of the present syslem
enables the operator to simulianeously transmit voice and
data communication 10 2 remoie site. This voice over data
function dynamically allocates data bandwidih over the
telephone line depending on the demands of the voice grade
digitized signal,

The terminal feature of the present system allows the user
to establish a dala communications scssion with another
computer system allowing the user’s local computer sysiem
to operate as a dumb terminal,

The address book function of the present sysiem is a
versalile database that is built by the user and operates in
conjunclion with the other components of be present system
1o dial and establish communication knks with remote sites
to enable data communication, voice mail, facsimile, file
transfer all in an automated mode without user intervention,

The hardware components of the present system inciude
circuitry 10 enable digital data communication and facsimile
communication over standard telephone lines. The hardware
components also include circuitry to converl the voice to
digital data and compress that dala for transfer 10 the
sofiware component on the personal computer or transfer it
over the telephone lines to a remote site.

Many of the funclions of the present system are accom-
plished by including a voice control digital signal processor
(DSP) to operate in conjuncon with a data/fax modem
implemented with a data pump DSP. The data pump DSP
and the voice control DSP accomplish the foliowing func-
tions in an integrated hardware srangement;

A sophisticated telephone apparatus with its aached
handset, headset and a built-in bands free telepbone opera-
lion using the integrated microphone and speaker system.
The hands free 1elephone works in full duplex mode through
the use of voice echo cancellation performed by the voice
control DSP.

The voice control DSP in conjunction with a telephone
CODEC provides voice compression which can be seni 10
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the computer system that is attached the R8232 pont for
storage and tater retrieval. The compressed voice from the
voice control DSP can also be multiplexed with the input
data strgam from the personal computer with dynamic lime
atlocation, Whereas, the input data from the atached com-
puter is transmitted vsing the error contrel protecol like
MNP or V42 with or without dala compression (e.g.,
V.42bis), the speech is packetized using a differemt header
defining it as a speech packet and then transmitted through
a controller. The speech packets, like the data packets, have
the atiached CRC codes. However, the speech packels are
not sequenced and the like hardware al the receiving cnd
ignores the accompanying CRC codes for voice packets and
passes the voice packets to the voice control DSP for
decompression. The decompressed speech is played through
one of the tclephone receiving units, ic., the headset,
handset or the built in speaker.

The voice control DSP allows the compressed speech 1o
be recorded on a recording media, e.g., the hard disc drive
of the sttached computer sysiem. This provides the function
of an answering machine, In addition 10 the answering
machine fuimction, the recorded speech can be provided for
the voice mail functions.

The special packel protocol over the RS232 interface
between the sofiware component and the hardware compo-
nent that governs the operation of the hardware component
is so designed that it allows various conirol functions to be
intermixed with date over the RS232 serial port. The sofl-
ware component of the present sysiem accepts the generic
AT medem commands when not in the special packet mode.
When the hardwarc component is configured to accept the
packet level protocol over the RS232 port, it can be made to
switch to the peneric command mode through the ose of a
break sequence.

The hardware components of the present system functions
as a data/fax modem when the speech compression or
telephone mode is not invoked. The packet mode or the
generic AT commind mode may be used for this purpose.

The hardware compenents Of the present system incor-
porate a provision for a special link imtegrity packet 1o
facilitate the device to work over cellniar metworks, This
scheme allows the modem in one of its plurality of modes (o
ignore the carrier dropouts {scleclive fading) inherent in the
cellular networks. Such a scheme does not use carrier detect
circuitry of the modem, The disconnect of the cellular
connection is done through s negotiation scheme using
packet interchange between the twe ends of the hnk.

In cellular networks the muliiplexed voice data technol-
ogy of the present system allows a single apparaws to
function as a smart telephone, an intelligeni data modem as
well as a fax modem. These features along with the voice
data multiplex mode provides a traveling user complete
freedom to use his or her moving vehicle as a true traveling
office.

These features of the hardware component of the present
system along with the features of the software cormponent of
the present system running on a PC provides a wser with a
complete range of telecemmunications funclions of a mod-
emn office, be it a stationary or mobile.

DESCRIPTION OF THE DRAWINGS

In the drawings, where like numerals describe like com-
penenis throughout the several views,

FIG, 1 shows the telecommunications cnvironmetit within
which the present may operate in several of the possible
modes of communication;
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F1G. 2 is the main menu icon for the software components
operating on the personal compuler;

FIG. 3 is a block diagram of the hardware components of
the presenl system;

FIG. 4 is a key for viewing the detailed clecideal sche-
matic diagrams of FIGS. 8A-10C to facilitate understanding
of the interconncel between the drawings;

FIGS. 5A-3C, 6A-6C, 7A-7C, 8A-8B, 9A-9C and
10A-10C are detailed electrical schematic diagrams of the
eircuitry of the hardware compongnts of the present system;

FIG. 11 is a signal flow diagram of the speech compres-
sion algorithm;

FIG. 12 is a detailed function flow diagram of Lhe speech
compression algorithm,;

FIG. 13 is a detailed function fiow diagram of the speech
decompression algorithm,;

FIG. 14 is a detailed function flow diagram of the echo
canceliation algorithm;

FIG. 15 is a detailed function flow diagram of the voice/
data multiplexing funciion;

FIG. 16 is a perspective view of the components of a
digital computcr compatible with the present invention;

FIG. 17 is a block diagram of the sofiware struciure
compatible with the present invention;

FIG. 18 is a block diagram of the control structure of
software compatible with the present invention;

FIG. 19 is a block diagram of the main menu structure of
sofiware compalible with the present invention;

FIG. 20 is a fiow diagram of answer mode software
compatible with the present invention;

FIG. 21 is a fiow diagram of welephone sofiware compat-
ible with the present invention;

F1G. 22 is a fiow diagram of voice mall software com-
patible with the present invention;

FIG, 23 is a flow diagram of fax manager software
compatible with the present invention;

FIG. 24 is a flow diagram of multi-media mail sofiwarc
compatible with the present invention:

FIG. 25 is a fow diagram of a timing leop compatible
with the present invention;

FIG. 26 is a flow diagram of telephone control sofiware
compatible with the present invention;

FIG. 27 is a flow diagram of voice mail conirol sofiware
compatible with the present invention,

FIG. 28 is a flow diagram of high resalution fax driver
software compatible with the present invention;

FIG. 29 is 2 flow diagram of low resolution fax driver
software compatible with the present invention;

FIG, 20 ic 2 flow diagram of mulli media mail control
software compatible with the present invention;

FIG. 31 s a flow diagram of multi media mail editor
software compatible with the present invention;

FIG. 32 is a flow diagram of multi media mail transmit
software compatible with the present invention;

FIG. 33 is a flow diagram of muiti media mail reccive
software compatibie with the present invention;

Fi1G. 34 is a flow diagram of show and tell transmit
soflware compatible with the present invention;

FiG. 35 is a flow diagram of show and tell receive
software compatibie with the present invention;

FIG. 36 is a flow diagram of voice mail ransmit software
compatible with the present invention;
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FIG. 37 is a flow diagram of voice mail receive software
compatible with the present invention:

FIG. 38 is a flow diagram of an outgoing tmer loop
compatible with the present invention:

FIG. 3% i5 a flow diagram of an ouigoing dmer loop
compaiible with the present invention;

FIG. 4015 an initialization sereen display compatible with
the present invention;

FIG. 41 is a communication port setup screen display
compaiible with the present invention;

FIG. 42 i5 an answer mode setup screen display compat-
ible with the present invention;

FIG. 43 i5 a hold call setap screen display compatible with
the present invention,;

FIG. 44 is a voice mail selup sereen display compatible
with the present invention,

F1G. 45 is a PBX setup screen display compatible wilh the
present invention;

FIG. 46 is a fax setup screen display compatible with the
present irrvention;

FIG. 47 is a multi-media mail sefup screen display com-
patible with the present invention;

FIG. 48 is a show and tell setup screen display compatible
with the present invention;

FIG. 49 is a telephone control screen display compatible
with the present invention;

F1G. 50 is a voice mail contro) screen display compatible
with the present invention;

FIG. 51 is a voice editor screen display compatible with
the present investion;

FIG. 52 is a fax manager control screen display compat-
ible with the presen! invention;

FIG. 53 is a multi-media mail control screen display
compatible with the present invention;

FIG. 54 is a show and tell control screen display com-
patible with the present invention;

FIG. 55 is an address book control screen display com-
patible with the present invention;

FI1G. 56 is a voice messape destination screen display
compatible with the present invention; and

F1G. 57 is a message composer screen display compatible
with the present invention.

DETAILED DESCRIPTION QF THE
PREFERRED EMBODIMENTS

The specification for the multiple inventions described
herein includes the present description, the drawings and a
microfiche appendix. In the following detailed description of
the preferred embodiment, relerence is made (o the accom-
panying drawings which form a part hereof, and in which is
shown by way of illustration specific embodiments in which
the inventions may be practiced. These embodiments are
described in suffieient detail to enable those skilled in the an
to practice the invention, and it 18 to be understood that other
embodiments may be utilized and that Strucmieal changes
may be made without departing from the spirit and scope of
the prescnt inventions. The following detailed description is,
therefore, not to be taken in a limiting sense, and the scope
of the preseat inventions is defined by the appended claims.

FIG. 1 shows a typical arrangement for the use of the
present system. Personal computer 1 is nnning the sofi-
ware components of the present system while the hardware
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compenents 20 include the data communication equiprment
and telephone headset. Hardware components 2€ commu-
nicale over a standard telephone line 38 1o one of & variety
of remote sites. One of the remole sites may be equipped
with the present system including bardware components 20a
and software components running on personal compuler
Ha, In one akemative use, the local hardware components
20 may be communicating over standard telephone linc 36
to facsimile machine 6. 1n another sliernative use, the
present system may be communicaling over a standard
telephone line 38 to another personal computer 80 through
a remote modem 70, In another aliernative use, the present
system may be communicating over a standard tclephone
line 30 10 a standard telephone 90. Those skilled in the art
will readily recognize the wide varicty of communication
interconnections possible with the present system by reading
and understanding the following detailed description.

The ormamental features of the bardware components 20
of FIG. 1 are claimed as part of Design Patent Application
Number 29/001368, filed Nov. 12, 1992 entitled ““Tele-
phone/Modem case for a Computer-Based Mulufunction
Personal Comununications System” assigned 1o the same
assignee of the present inventions and hereby incorporated
by reference.

General Overvicw

The present inventions are embodied in a commercial
product by the assignee, MultiTech Systems, Inc. The soft-
ware componenl operaling or a personal computer is soid
under the commercial trademark of MultiExpressPCS™
persenal communications software while the hardware com-
poneat of the present system is sold under the commercial
name of MultiModemPCS™, Intelligent Personal Commu-
nications Sysiem Modem. In the preferred embodiment, the
software component runs under Microsofi® Windows®
however those skilled in the art will readily recognize that
the present system is easily adaptable to run under any single
or muiti-user, single or multi-window operating system.

The present system is a muli-function communication
system which includes hardware and software components.
The system allows the user to connect to remole locations
equipped with a similar system or with modems, facsimile
machincs or standard telephones over a single analog 1ele-
phone line. The software component of the present system
includes a number of modales which are described in more
detail below.

FIG. 2 is an example of the Windows®-based main menu
icon of the present system operating on a persenal computer.
The functions listed with the icons vsed to invoke those
functions are shown in the preferred embodiment. Those
skilled in 1he art will readily recognize that a wide variety of
selecion technigues may be used w invoke the varjous
functions of the present system. The icon of FIG. 2 is pan
of Design Patent Application Number 29/001397, filed Nov.
12, 1992 entitled “icons for a Computer-Based Multifunc-
tion Personal Communications System” assigned 1o the
same assignee of the present inventions and hereby incor-
porated by reference.

The 1elephone module allows the system to operate as a
conventional or sophisticated telephone system. The system
converts voice into a digital signal so that it can be trans-
mitted or stored with other digital data, like computer
informatien. The telephone function supports PBX and
Centrex features such a call waiting, call forwarding, caller
1D and three-way calling. This moedule also allows the user
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to mute, hold or record a conversation. The teicphone
module enables the handset, headset or hands-{ree speaker
telephione operation of the hardware component. 1t includes
on-screen push button dialing, speed-dial of stored numbers
and digital recording of two-way conversations.

The voice-mai! portion of the present system allows this
system to operate as a ielephone answering machine by
storing voice messages as digitized voice files along with a
time/date veice siep. The digitized veice files can be saved
and sent to one or more destinations immediately or at a jater
time using & queve scheduter. The user can also listen 1o,
forward or edit the voice messages which have been
received with a powerful digital voice editing component of
the preseat system. This module also creates gueves for
ouipoing messages 10 be sent at preselected times and allows
the users 10 creale oulgoing messages with the voice editor.

The fax manager portion of the present system is a quene
for incoming and cutpoing facsimile pages. In the preferred
embodiment of the preserd sysiem, his function is tied into
the Windows “print” command once the present system has
been instalied, This feature allows the user 10 create faxes
from any Windows®-based document that uses the “'print”
command. The fax manager function of the present sysiem
allows the user to view queved faxes which are 10 be sent or
which have been reccived. This module creates queues for
outgoing faxes to be sent at preselected times and logs
incoming faxes with time/date steps.

The multi-media mail functon of the present system is a
utility which allows the user 1o compose documents that

include text, graphics and voice messages using the message -

composer [unction of the present systern, described more
fully below. The multi-media mail wility of the present
system allows the user (o schedule messages for transmittal
and queues vp the messages that have been received so that
can be viewed al a later Bme,

The show and 1ell function of the present system allows
the user to cstabiish a data over voice (DOV} communica-
tions scssion, When the user is transmitting dala to a remote
localion similarly equipped, the user is able to takk to the
person over the telephone line while concurrently transfer-
ring the data. This veoice over data function is accomplished
in the hardware components of the presert system. 1 digi-
tizes the voice and ransmits # in a dynamically changing
allocation of voice data and digital data multiplexed in the
same transmission. The allocation at a given moment is
selecled depending on the amount of voice digital informa-
tion required 1o be ransferred. Quiet voice intervals aliocale
greater space to the digital data transmission.

The terminal function of the present sysiem allows the
user 1o establish 2 data communications session with another
computer which is equipped with a modem but which is not
equipped with the present system. This feature of the present
system is 3 Windows®-based data communications program
that reduces the need for issuing AT commands by pro-
viding menu driven and “pop-up” window alternatives,

The address book function of the preseat sysiem is a
database that is accessible from all the other funciions of the
present system. This database is created by the user inputting
destination addresses and telephone numbers for data com-
municalion, voice mail, facsimile transmission, modem
communication and the like. The address book function of
the present system may be utilized to broadcast communi-
cations t0 a wide variely of recipients. Multiple linked
databascs have separate address books for different groups
and different destinations may bhe created by the users. The
address book function includes a textval search capability
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which allows fast and efficient location of specific addresses
as described more fully below.

Hardware Components

FIG. 3 is a block diagram of the hardware components of
the present sysiem corresponding o reference number 20 of
FIG. 1. These components form the link between the user,
the persemal compuler running the sofiware component of
the present system and the telephone line interface. As will
be more fully described below, the interface to the hardware
components of the present system is via a sertal communi-
cations port connected to the personal computer. The inter-
face protocol is well ordered and defined such that other
sofiware systems or programs running on the personal
computer may be designed and impiemenied which would
be capeble of controlling the hardwarce components shown in
FIG. 3 by using the control and communications protocol
defined below.

In the preferred cmbodiment of the present system three
alternate telephone inlerfaces are available: the telephone
handset 301, a telephone headset 302, and a hands-free
microphone 303 and speaker 304. Regardless of the tele-
phone interface, the three altemative interfaces conmect to
the digital telephone coder-decoder (CODEC) circuit 305,

The digital telephene CODEC circuit 305 interfaces with
the voice control digital signal processor (DSP) circuit 306
which includes a voice control DSP and CODEC. Thig
circuit does digital 1o analog (DfA) conversion, analog to
digital {A/D) conversion, coding/decoding, gain control and
is the interface between the voice control DSP circuit 306
and the telephone interface. The CODEC of the voice
control circeit 306 transfers digitized voice information in a
compressed format to multiplexor circuit 319 to analog
telephone line imerface 309.

The CODEC of the voice control circuit 306 is acluaily an
integral component of a voice control digital signal proces-
sor integrated circuit, as described more fully below. The
voice conrol DSP of circoit 306 contsols the digital tcle-
phone CODEC circuit 385, performs voice comptession and
echo cancellation.

Multiplexor (MUX) circuit 310 selects between the voice
control DSP circuit 306 and the data pump DSP circuit 311
for transmnission of information on the telephone jine
through telephone line interface circuit 369.

The data pump circuit 311 also includes a digital signal
processor (DSP) and a CODEC for communicating over the
telephone line interface 309 through MUX circuit 310. The
data pump DSP and CODEC of circuit 311 performs func-
tions such as modulation, demodulation and echo cancella-
tion to communicate over the teiephone line interface 309
using a plurality of telecommunications standards including
FAX and modem protocols.

The main controller circuit 313 controls the DSP data
pump circuit 311 and the voice control DSP circuit 306
through serial inputfoutpu and elock timer control (S10/
CTC) circuits 312 and dual port RAM circuil 308 respec-
tively. The main controller circuit 313 communicates with
the voice control DSP 306 through dual port RAM circuit
308. In this fashion digital voice data can be read and written
simultancously 1o the memory portions of circuit 308 for
high speed communication between the user {through inter-
faces 301,302 or 303/304) and the personal compuler con-
nected 10 serial imerface circoit 315 and the remote tele-
phone connection connected through the telephone line
attached to line interface circuit 309,
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As described more fully below, the main controller eircuit
313inchudes, in the preferred embodiment, a microprocessor
which controls the fonctions and operation of all of the
hardware components shown in FIG. 3. The main controller
is connected 10 RAM circuit 316 and an programmable and
eicetrically erasable read only memory (PEROM) circuit
317. The PEROM circuit 317 includes nonvolatile memory
in which the executable control programs for the voice
control DSP circuits 306 and the main controller circuits 313
operate.

The RS232 Serial interface circuit 315 communicates to
the serial port of the personal computer which is runaing the
software components of the present system. The RS232
serial interface circuit 315 is connected 1o a serial input/
output circuit 334 with main controller circuit 313. S10
circuit 314 is in the preferred cmbodiment, a part of SO/
CTC circuit 312,

Functional Operation of the Hardware Components

Referring once again 1o FIG. 3, the multiple and select-
able functions described in conjunction with FIG, 2 are all
implemented in the hardware components of FIG. 3. Each of
these functions will be discussed in turn.

The telephone function 115 is implemented by the user
cither selecting a telephone number to be dialed from the
address book 127 or manually selecting the number through
the telephone menu on the personal computer. The telephone
number to be dialed is downtoaded from the personal
computer over the serial interface and received by main
controlter 313, Main controller 313 causes the data pump
DSP circuit 311 to seize the telephone line and transmit the
DTMF 1ones to dial 3 number. Main conroller 313 config-
ures digital telephone CODEC circuit 305 1o enable cither
the handset 301 operation, the microphone 303 and speaker
304 operation or the headset 302 operation. A telephone
connection is established through the telephone line inter-
face circuit 309 and communication is enabled. The user's
analog voice is transmitied in an anatog fashion to the digitaf
ielephone CODEC 305 where it is digitized. The digitized
voice palterns are passed to the voice control circuit 306
where echo cancellation is accomplished, the digital voice
signals are reconstructed imo analog signals and passed
through maktiplexor cireuit 310 to the tefephone line inier-
face circuit 309 for apalog transmission over the telephone
line. The incoming analog voice from the telephone con-
neclion through telephone connection circuit 309 is passed
to the imcgral CODEC of the voice control circuit 306 where
it is digitized.

The digitized incoming voice is then passed to digital
ielephone CODEC circnit 385 where it is reconverted 1o an
anatog signat for transmission to the selected telephone
interface (cither the handset 301, the microphone/speaker
303/304 or the headsct 302). Voice Control DSP cirenit 306
is programmed to perform echo cancellation 1o avoid feed-
back and echoes between transmitted and received signals,
as is more fully described below,

in the veice mail function mode of the present system,
voice messages may be stored for Jater iransmission or the
present sysiem may operate as an answering machine receiv-
ing incoming messages. For storing digitized voice, (he
telephone interface is used to send the analog speech pat-
terns to the digital telephone CODEC circuit 305, Circuil
305 digitizes the voice patterns and passes them to voice
conirol circuit 306 where the digitized voice patterns are
digitally compressed. The digitized and compressed voice
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patterns are passed through dual port ram circuil 308 to the
main controller circuit 313 where they are transferred
through the serial interface to the personal computer using a
packet protocol defined below. The voice patterns are then
stored on the disk of the personal computer for later use in
multi-mecia mail, for voice mail, as a pre-recorded answer-
ing machine message or for later predetermined transmis-
sion to other sites.

For the present sysicml to operalc as an answering
machine, the hardware components of FIG. 3 are placed in
answer mode. An incoming lelephone ring is detected
through the telephone line interface circuit 309 and the main
controller circuil 313 is alerted which passes the information
off to the personal computer through the RS8232 serial
imterface circuit 315. The telephone line interface circuit 309
seizes the telephone line to make the telephone connection.
A pre-recorded message may be sent by the personal com-
puter as compressed and digitized speech throngh the RS232
interface to the main controller cirenit 313, The compressed
and digilized speech from the personal computer is passed
from main controller circuil 333 through doal pon ram
circuit 308 to the voice control DSP circuit 306 where it is
uncompressed and converied 1o analag voice patterns. These
analog voice patierns are passed through multiplexor circuit
310 10 the clephone line interface 309 for ransmission to
the caller. Such a message may invile the caller to leave a
voice message al the sound of a tene. The incoming veice
messages are Teceived through telephone line interface 308
and passed to voice contro) circuit 306. The analog voice
palierns are digitized by the integral CODEC of voice
control circuit 306 and the digitized voice patterns are
compressed by the voice contral DSP of the veice control
circuit 306. The digitized and compressed speech pattemns
are passed through doal pon ram circuit 308 to the main
controller circuit 313 where they are iransferred using
packet protocol described below through the RS232 serial
interface 315 to the personal computer for storage and later
retrieval. In this fashion the hardware components of FIG. 3
operale as @ iransmit and receive voice mail system for
implerenting the voice mail function 117 of the present
sysiem.

The hardware compoenents of FIG. 3 may also operate (o
facilitate the fax manager function 119 of FIGQ. 2. In fax
receive mode, an incoming telephone call will be detected
by a ring detect circuit of the telephone line interface 309
which will alert the main controller circuit 313 10 the
incoming call. Main controlier circuit 313 will cause line
interface circuit 309 to seize the telephone line to receive the
call, Main controlier circuit 313 will also concurrently alert
the operating programs on the personal compuler through
the R5232 interface using the packet protocol described
below. Once the telephone line interface geizes the telephone
line, a fax carrier tone is transmitted and a retum tone and
handshake #s received from the iclephone line and detected
by the data pump circuit 311, The reciprocal transmit and
teceipt of the fax tones indicates the imminent receipt of a
facsimile transmission and the main controiler circuit 313
configures the hardware components of FIG. 3 for the
receipt of that information. The nccessary handshaking with
the remote facsimile machine is accomplished throngh the
datz pump 311 vnder contro! of the main controtler circuit
313. The incoming data packets of digital facsimile data are
received over the telephone line interface and passed
through data pump cireuit 311 o main controler circuit 313
which forwards the information on a packet basis (using the
packet protocol deseribed more fully below) through the
serial interface circoit 315 to the personal computer for
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