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COMMUNICATION WITH A COMPUTER
USING TELEPHONES

BACKGROUND

The invention relates to the communication with comput-
ers using telephones.

Software and hardware are now available to enable com-
puters to perform speech recognition. One application of
speech recognition is in word processing, in which a user
can draft a document by speaking into a microphone con-
nected to the computer. Another application of speech rec-
ognition is in computerized telephone answering systems, in
which a pre-recorded message prompts a caller to select
different options by speaking.

In a computerized answering system the caller can access
the system by calling from a telephone using an outside
phone line. When the caller picks up the telephone, the
phone company detects that a telephone has been taken
off-hook (that is, in the off-hook state). Telephone line
resources—including power, dual-tone multi-frequency
(DTMF) or pulse dialing detectors, and call progress tone
generators—are then dedicated to the now off-hook tele-
phone.

SUMMARY

In general, in one aspect, the invention features a tele-
phone system having a local telephone network line for
connection to an external phone line. A computer system and
a telephone are coupled to the local telephone network line,
and the telephone is taken off-hook state to enter a voice
command. A transmitter communicates the voice command
from the telephone to the computer system without the
telephone seizing the external phone line.

Certain implementations of the invention may include one
or more of the following features. A computer interface unit
connected to the computer system has a computer interface
unit receiver for receiving the transmitted voice command.
The computer system includes a serial port, and the com-
puter interface unit is connected to the serial port. The
computer system includes means for detecting an incoming
external call from the external phone line. The telephone
system includes a computer interface unit connected to the
computer system, which causes the computer interface unit
to seize the telephone network line if the external call is
detected. The computer system receives the voice command
and in response to the received voice command, transmits
voice signals to the off-hook telephone. A computer interface
unit is connected to the computer system and has a computer
interface unit transmitter for transmitting the voice signals to
the off-hook telephone. A phone interface unit is connected
between the telephone and the telephone network line, and
the phone interface unit has a phone interface unit receiver
for receiving the voice signals from the computer interface
unit transmitter. The phone interface unit has a selector for
selectively operating the phone interface unit in a first mode
and a second mode. The phone interface unit connects the
telephone to the telephone network line if in the first mode,
and the phone interface unit isolates the telephone from the
telephone network line if in the second mode.

The computer system commands the phone interface unit
selector to be in a first mode or second mode. The computer
system commands the phone interface unit to switch to the
first mode after detecting that a telephone is taken off-hook.
The computer system commands the phone interface unit to
switch to the second mode after detecting that the telephone
issues a flash-hook. A computer interface unit is connected
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2

to the computer system and has a computer interface unit
transmitter for transmitting a signal, and the phone interface
unit is responsive to the signal from the computer interface
unit transmitter for switching to the second mode if the
signal is present. The computer system detects an external
call from the external phone line, and the computer system
selects in response to the external call the phone interface
unit to be in the first mode. The computer system commands
the phone interface unit to switch to the second mode to
allow voice communication between the telephone and the
computer system. A voice command can be issued to the
computer system to switch the phone interface unit from the
second mode to the first mode. The computer system detects
an external call from the external phone line while the phone
interface unit is in a second mode, and the computer system
sends in response to the external call voice data to the
telephone stating that an external call is detected. The
transmitter transmits a signal to notify the computer system
that a telephone is taken off-hook.

The computer system includes communication software
for receiving the voice command. The communication soft-
ware invokes an application program in response to the
voice command. The computer system includes a driver
program and communication software, and a driver program
transmits a TAPI event to the communication software when
a telephone is taken off-hook. The communication software
receives any voice command after it receives the TAPI
event. The driver program transmits a second TAPI event to
the communication software when an external call from the
external phone is present. A second telephone is coupled to
the telephone network line, and the second telephone is
taken off-hook state to enter a voice command. A second
transmitter communicates the voice command from the
second telephone to the computer system without the second
telephone seizing the external phone line. The transmitter
communicates the voice command from the telephone to the
computer system using a radio-frequency carrier. The trans-
mitter transmits the radio-frequency carrier over the tele-
phone network line to the computer system. The transmitter
modulates data signals associated with the voice command
by frequency modulation onto the radio-frequency carrier. A
second transmitter is connected to the computer system for
communicating audio signals from the computer system to
the telephone using the radio-frequency carrier. The tele-
phone system also includes means for providing the first
carrier and the second carrier with different center frequen-
cies.

In general, in another aspect, the invention features a
method of transmitting voice commands to a computer
system that is coupled to a telephone network line which
network line is connected to an external phone line. A
telephone coupled to the telephone network line is taken
off-hook and a voice command is issued to the telephone
after it is taken off-hook. The voice command is transmitted
from the telephone to the computer system without the
telephone seizing the external phone line.

In general, in another aspect, the invention features a
computer system having communication software for con-
trolling communication in a telephone system. The tele-
phone system includes a telephone, a phone interface unit,
and a telephone network line, which is connected to an
external phone line and is coupled to the telephone, phone
interface unit, and computer system. The communication
software is stored on media readable by the computer system
and is executed by the computer system to perform
functions, including receiving a voice command transmitted
from the telephone when the telephone is off-hook, and
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controlling the phone interface unit to isolate the telephone
from the external phone line when receiving the voice
command from the telephone line. The voice command is
transmitted from the telephone to the computer system
without the telephone seizing the external phone line.

Certain implementations of the invention may include one
or more of the following advantages. The user can conve-
niently pick up any telephone on a local telephone network
to issue voice commands to the computer system. Voice
commands can be issued from telephones to a computer
system without using phone company resources. The phone
interface units are easy to install. The telephone is switch-
able between two modes in which one mode allows a user
to access the computer and a second mode allows the user
access to the external phone line.

Other advantages and features will become apparent from
the following description and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of a telephone network in which
telephones communicate with a computer system by radio
frequency signals over an existing phone line.

FIG. 2 is a block diagram of a telephone network system
in which telephones communicate with a computer system
by electromagnetic wave signals.

FIG. 3 is a block diagram of a telephone network system
in which telephones communicate with a computer system
by radio frequency signals sent over AC utility wiring.

FIG. 4 is a block diagram of a telephone network system
in which telephones communicate with a computer system
over an internal phone line by baseband voice communica-
tion.

FIG. 5 is a block diagram of a phone interface unit
connected to a telephone in the system of FIG. 1.

FIG. 6 is a block diagram of a computer interface unit
connected to the computer system of FIG. 1.

FIG. 7 is a block diagram of the computer system of FIG.
1.

FIG. 8 is a schematic diagram of a carrier current modem
in the computer interface unit of FIG. 6.

FIGS. 9A, 9B and 9C are state diagrams of firmware
running on the computer interface unit of FIG. 6.

FIG. 10 is a block diagram of layers in the communication
software running in the computer system of FIG. 1.

FIG. 11 is a block diagram of the layers in a Telephony
Application Programming Interface (TAPI) service provider
in the communication software of FIG. 10.

FIG. 12 is a state diagram of a device object in the TAPI
service provider of FIG. 11.

FIG. 13 is a flow diagram of a routine in the device object
of FIG. 12.

FIG. 14 is a flow diagram of a alert subroutine in the
device object of FIGS. 12 and 13.

FIGS. 15, 16, and 17 are state diagrams of subroutines
called by the alert subroutine of FIG. 14.

FIG. 18A is a state diagram of a state machine in an
asynchronous virtual device driver which is the interface
between the computer interface unit of FIG. 6 and the device
object of FIG. 12.

FIGS. 18B and 18C are tables showing the mapping of
commands between the device object of FIG. 12 and the
computer interface unit firmware of FIG. 9.

FIGS. 19A and 19B are state diagrams of state machines
in a TAPI service provider object of the TAPI service
provider of FIG. 11.
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4
DESCRIPTION

TELEPHONE SYSTEM

Referring to FIG. 1, a telephone network 10 according to
the present invention includes phone interface units (PIUs)
106 and 110 placed between telephones 104 and 108 (PIU-
connected telephones) and wall jacks 116 and 118, respec-
tively. A telephone 114 is connected directly to a wall jack
120 (2 non-PIU telephone). A computer interface unit (CIU)
102 is connected between a computer system 100 and a wall
jack 122. The wall jacks 116, 118, 120 and 122 can be
standard RJ-11 telephone jacks. Each of the wall jacks 116,
118, 120 and 122 is connected to a local or internal telephone
network line 130, which is connected to an external phone
line 128 at a “point of demarcation” or a “network interface”
132, and ultimately to switching circuitry located at a
telephone company central office 134. When an external
phone call is in progress, each PIU behaves as a wire and
connects its respective telephone to the telephone network
line 130.

Internal communication can occur between one of the
PIU-connected telephones and communication software
running in the computer system 100. A user can issue
commands, make inquiries, and access information simply
by picking up the nearest telephone to access the computer
system 100 remotely. The communication software, depend-
ing upon user selection, responds by either providing a voice
greeting or, alternatively, causing the PIU to connect the
telephone to the telephone network line 130 so that the user
hears a dial tone. If the latter option is selected by the
computer, then the user can perform a flash hook on the
telephone (for example, hanging up the telephone for less
than one second) to override the computer selected option,
and the communication software will cause the PIU to
disconnect the telephone from the line 130 and connect the
telephone to the computer system 100. Once connected to
the computer system 100, the user can issue voice com-
mands by simply speaking. To switch the phone back to
normal mode, the user can ask the computer for an outside
line before dialing.

For example, a user might pick up a telephone and say:
“Dial John Smith,” to which the computer might respond
with the statement: “At home or at work?” Other possible
voice commands include: “Turn off all the lights in the
house” or “close the garage door.” The computer system 100
would recognize and comply with these requests by sending
commands to a home automation and control network (not
shown), such as the X10 System from Radio Shack, or a
SmartHouse network.

In another example, the computer system 100 might be
connected to a home security system. Upon waking, a parent
might pick up a telephone to ask the computer system 100
the last time someone came home. Thus, depending upon the
configuration desired by a user, the computer system 100 can
be instructed to perform any number of tasks by recognizing
voice commands over the internal telephone network.

In FIG. 1, communication between the PIU-connected
telephones 104 and 108 and the computer system 100 is
achieved through radio frequency (RF) communication
between the PIUs 106 and 110 and the CIU 102 over the
internal telephone network line 130. The phone company
central office 134 monitors the DC current on the phone line
to detect if a telephone has been taken off-hook. When a
PIU-connected telephone is initially picked up, the PIU
supplies power to the telephone instead of the phone com-
pany 134 and thus prevents the telephone from seizing the
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telephone network line 130. This effectively isolates the
telephone from the external phone line 128, allowing the
telephone to communicate with the CIU 102 by RF carrier
signals sent over line 130. When the non-PIU telephone 114
is picked up, the CIU 102 turns off its carrier signal to force
all telephones to revert to ordinary telephone operation.

Power can be provided to the PIUs by an RF power carrier
generated by the CIU 102 and conducted over the telephone
network line 130. The same RF carrier can be used to carry
both the power and the voice data from the CIU 102 to the
PIUs. Alternatively, the power for the PIUs may be provided
over separate RF carriers. As the RF impedance of the
telephone network line 130 may make it difficult to provide
enough power to the PIUs while their associated telephones
are in use, a rechargeable battery (not shown) can be
included in each PIU. When no outside phone call is in
progress, the CIU 102 provides a power carrier to charge the
PIUSs’ batteries. If additional power is required, the PIUs 106
and 110 can optionally be equipped with an AC wall-cube
adapters 124 A and 124B, respectively. Power to the CIU 102
can be provided by plugging an AC wall-cube adapter 126
into an AC power outlet.

Installation of the system is very simple for a user. For
each telephone to be equipped with a PIU, the user unplugs
the telephone at the wall, plugs the PIU into the wall jack,
and plugs the phone into the PIU. Telephones not connected
to PIUs function normally. The user connects the CIU 102
to the computer system 100, to a power outlet through
adapter 126, and to the wall jack 122. The CIU 102 is
connected to the serial port of the computer system 100, with
the communication between the CIU 102 and the computer
system being according to a serial bus protocol.
Alternatively, the CIU 102 can connect to the computer
system 100 through an expansion bus slot, such as an
Industry Standard Architecture (ISA) bus slot or an
Extended Industry Standard Architecture (EISA) bus slot.
Other ports of the computer system can also be used to
connect to the CIU 102, such as the parallel port.

A number of requirements must be satisfied to commu-
nicate over the existing telephone network line 130 by RF.
First, noise and interfering sounds on the phone line must be
quiet enough in comparison to the voice signal to allow the
voice recognition software in the computer system 100 to
operate reliably. Second, FCC regulations must be met.
Finally, phone company resources must not be inappropri-
ately utilized. These requirements are all satisfied by the
internal telephone network according to the present inven-
tion.

Referring to FIG. 4, an alternative embodiment of the
invention provides that all the telephones 104, 108 and 114
are connected directly to the wall jacks 106, 110 and 112,
respectively, in the normal telephone configuration. A net-
work interface unit (NIU) 136 is installed at the point of
demarcation 132. Power is supplied by the NIU 136 locally
to the telephones 104, 108 and 114, and communication
between the telephones and the computer system 100 occurs
over the internal phone line 130 at baseband. A communi-
cation link 138 (which can be a wire link or a wireless
electromagnetic link) between the computer system 100 and
the NIU 136 allows the computer system 100 to “talk” to the
telephones, or to switch the telephone network into “normal
phone” mode by connecting the internal phone line 130 to
the external phone line 128 through NIU 136.

Referring to FIG. 2, another embodiment of the invention
includes connecting the PIUs 106 and 110 between the
telephones 104 and 108 and the telephone network line 130,
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6

but transmits the modulated information between each PIU
and the CIU 102 electromagnetically (wireless) between
transmitters 131A and 131B (connected to the PIUs) and a
transmitter 131D (connected to the CIU 102).

Referring to FIG. 3, yet another embodiment of the
invention includes connecting the PIUs 106 and 110
between the telephones 104 and 108 and the telephone
network line 130, but transmits the modulated information
from each PIU to the CIU 102 over AC utility wiring 138.

Referring again to FIG. 1, connecting a telephone through
a PIU allows the telephone to operate in either of two modes.
In a first mode, the PIU behaves as a wire and the telephone
acts like a regular telephone connected to an outside line.
This mode occurs either when power is not presented to the
PIU, or when the CIU 102 stops sending its RF carrier.

In a second mode, the PIU and CIU act as a full-duplex
RF voice interface between the computer system 100 and the
user. In this mode, the telephone is isolated from the phone
line 130 at baseband, and the phone company 134 detects
that all the telephones connected to the internal telephone
network are on-hook. In the second mode, the PIU receives
voice communication over the CIU RF carrier from the CIU
102. The PIU sends voice communication to the CIU 102
over a second voice carrier (PIU RF carrier). The PIU RF
carrier occupies a frequency band distinct from the fre-
quency band used for the CIU RF carrier. Frequency modu-
lation (FM) is used to place the voice signals in the selected
frequency bands. Alternatively, other modulation methods,
such as amplitude modulation (AM), can be used.

FCC regulations forbid sending voice-band signals over
the phone lines while the phone company 134 thinks the
phones are on-hook. To do so is considered leaked commu-
nication. Above 270 kHz, however, the FCC will allow
signaling over phone lines up to 15 dBV (about 5 volts in
amplitude). Frequency modulation is used to create two
voice channels between 270 kHz and 495 kHz. Although not
required by the FCC, 495 kHz is chosen as an upper limit to
avoid potential interference with radio equipment. In a
preferred embodiment, a channel centered at 310 kHz is
used for voice communication from the computer system
100 to the user (CIU to PIU), and a channel centered at 485
kHz is used to send voice communication from the user to
the computer system 100 (PIU to CIU). Each channel can be
set to a bandwidth about 20 kHz.

Since the CIU 102 performs the line monitoring functions
needed to determine when the PIU should be in mode 1 and
when it should be in mode 2, the existence or lack of the CIU
carrier is used to communicate this information to each PIU.
When the PIU detects the presence of the CIU carrier, it
isolates the phone from the phone line 130, and places the
PIU in mode 2. If the CIU 102 detects a condition that
requires all the telephones to be placed in mode 1, it shuts
off the CIU carrier to place the PIUs in mode 1.

In the illustrated embodiment of the invention, in
operation, when a PIU-connected telephone is picked up, the
CIU 102 responds by shutting off the CIU RF carrier, after
the first few milliseconds. The PIU is switched into mode 1
and behaves as a wire to allow the telephone to seize the line
130. The user then hears a dial tone. If the user wants to talk
to the computer system 100, then the user issues a flash hook
(for example, hitting the hang-up button for less than one
second), and the communication software responds by caus-
ing the CIU 102 to re-transmit the CIU RF carrier to turn the
PIU back on (that is, to mode 2). Once the PIU isolates the
telephone from the telephone line 130, communication can
occur between the user and the computer system 100.
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The communication system has excellent isolation
between houses. The phone lines are not designed to be
efficient at the frequencies used for the PIU and CIU RF
carriers. As a result, the RF carrier signal from one house
becomes attenuated over the distances involved between two
houses so that there is little danger of coupling with carrier
signals in another house.

PHONE INTERFACE UNIT

Referring to FIG. §, the PIU 106 includes a power supply
200 which rectifies and regulates AC power supplied from
the wall-cube adapter 124. The power supply 200 generates
a +12 V voltage signal. Alternatively, the power supply also
rectifies an incoming CIU power carrier and extracts power
from the carrier to charge a battery 214 while the telephone
104 is not in use. A relay switch 216 is controlled by a logic
and relay drive 202, which in turn is controlled by a signal
RELAY DRIVE from a demodulator 206. When the
signal RELAY_DRIVE__ is driven low by the demodulator
(indicating that the demodulator 206 has detected a CIU RF
carrier on lines 200A and 200B from the line 130), the
switch 216 is flipped to position 2 to isolate the telephone
104 from the telephone line 130 (mode 2). In mode 2, the
telephone 104 is connected to a hybrid 208. When the signal
RELAY DRIVE  is deasserted high (when no CIU RF
carrier is present or when power in the PIU is off), the logic
and relay drive 202 places the relay switch 216 in position
1 (mode 1) to connect the telephone 104 to the line 200A.

When an internal PIU-CIU or mode 2 call (a Homewires
call) is in progress, a modulator 204 (connected between
lines 200A and 200B) receives a baseband voice signal from
the telephone 104 through the hybrid 208. The modulator
204 uses the baseband voice signal to modulate a PIU RF
carrier (for example, a 485-kHz carrier). The modulator 204
includes a voltage-controlled oscillator (VCO) for generat-
ing the RF signal. The modulator 204 couples the PIU RF
carrier onto the telephone network line 130, at lines 200A,
200B.

The demodulator 206 (also connected between the lines
200A and 200B) receives a CIU RF carrier (for example, a
310-kHz carrier) and demodulates the voice information
from the computer system 100 down to baseband for for-
warding to the telephone 104 through the hybrid. The
demodulator 206 includes carrier detect circuitry having a
band-pass filter that selectively passes the CIU RF carrier.
The carrier detect circuitry drives the signal RELAY
DRIVE_, asserting it low if a CIU RF carrier is present. The
carrier detect circuitry also provides a signal DISABLE1
to an OR gate 213, whose output drives a signal DISABLE
to the modulator 204. Asignal DISABLE2 , provided to the
other input of the OR gate 213, is driven high by a series
hook detect block 212 when the telephone 104 is not
off-hook, that is, no conversation is needed with the com-
puter system 100. The DISABLE __signal is driven low only
if both the CIU carrier is present and the telephone is
off-hook. If either the CIU carrier is not present or the
telephone 104 is not off-hook, the signal DISABLE is
driven high. If the signal DISABLE__ is asserted low, the
output of the modulator 204 is tri-stated and placed into a
high impedance mode. By presenting the output of the
modulator 204 as a high impedance state when not in use,
the output stages of the multiple PIUs do not load each other.

If the computer system 100 and the user are both trans-
mitting audio signals simultaneously, the baseband audio
signals from the computer system 100 and the baseband
audio signals from the telephone 104 are both present at line
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200C. The hybrid 208 connected to the modulator 204 and
the demodulator 206 serves to subtract the baseband audio
signals from the computer system 100 from the signal on
line 200C before presenting the baseband signal to the
modulator 204. As a result, the signal from the modulator
204 is close to a pure representation of what the user is
speaking, with very little background noise from what the
computer system 100 is transmitting. This allows the com-
puter system 100 to recognize voice commands when they
are given simultaneously with the audio signals coming
from the computer system 100. The accuracy of the filtering
process depends on how well the telephone impedance is
characterized and known.

A loop simulator 210 (connected between the switch 216
and the +12 V voltage signal) provides power to the tele-
phone 104 and allows it to operate when the telephone 104
is isolated from the telephone line 130 (mode 2). The series
hook detector 212 (connected between the telephone 104
and the line 200B) detects when the telephone 104 is
off-hook and asserts the signal DISABLE2__ low for pow-
ering up the modulator 204 if the off-hook condition is
detected. The PIU RF carrier from the PIU alerts the CIU
102 to signal the computer system 100 that voice commands
may be issued soon.

A PIU carrier detector 220 is connected between lines
200A and 200B for detecting if a PIU carrier from another
PIU is being transmitted. If so, the PIU carrier detector 220
asserts a signal PIUDET high. To ensure that the PIU carrier
detector 220 does not assert the signal PIUDET in response
to the PIU carrier signal from the modulator 204, the signal
DISABLE s routed into the PIU carrier detector 220. If
the signal DISABLE__ is high, indicating that the series
hook detector 212 has not detected the telephone 104
off-hook, then the possible assertion of the signal PITUDET
is enabled. The signal PIUDET is provided to the input of a
busy tone generator 222 connected between lines 200C and
200B. The busy tone generator 222 is enabled when the
signal PIUDET is asserted high. Thus, if another PIU is
transmitting a PIU carrier, and a user picks up telephone 104,
the user will hear a busy tone.

The signal PIUDET is also provided to the series hook
detector 212 to disable assertion of the signal DISABLE_.
Thus if one PIU is transmitting a PIU carrier, another PIU is
disabled from transmitting its PIU carrier to avoid conten-
tion. The series hook detector 212 also includes a timer that
is enabled by the signal PIUDET and the telephone 104
being in the off-hook condition. Thus, if another PIU is
transmitting a PIU carrier, and if the user picks up the
telephone 104, the timer in the series hook detector 212
begins counting. After a predetermined period of time (for
example, 5 seconds), the timer in the series hook detector
212 asserts a signal TIMEOUT to the logic and relay drive
202. In response, the logic and relay drive 202 forces the
relay switch 216 to position 1 to place it into mode 1
operation, regardless of the state of the signal RELAY
DRIVE_ . In this manner, if a user of a PIU-connected
telephone wants to access an outside line, but another
PIU-connected telephone is communicating with the com-
puter system 100, the outside line connection can be forced
by taking the PIU-connected telephone off-hook and waiting
the predetermined period of time. Effectively, the commu-
nication software detects this as if a non-PIU telephone has
picked up, and responds by cutting off the CIU carrier.

COMPUTER SYSTEM

As noted above, the CIU 102 includes an interface to the
serial port of the computer system 100. Referring to FIG. 7,






