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(57) Abstract: Improvements are disclosed for in-band signaling, 1.e., transmission of data in a voice channel of a digital wireless

network during a voice call session. A family of narrow-band signaling methods 1s disclosed to successtully pass data-carrying

signals through the low-bit rate modes of the EVRC-B vocoder commonly used in CDMA wireless channels. Some embodiments
generate a tapered signaling waveform in tandem with another wavetform using FSK-modulation. These features can be used in
cell phones or other wireless communication devices, including automotive applications.
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METHODS FOR IN-BAND SIGNALING THROUGH
ENHANCED VARIABLE-RATE CODECS

Related Applications

[0001]  This application claims priority to U.S. Provisional Patent Application No.
61/097,177 entitied “Signal Design for Low-Bit Rate EVRC-B” filed on September 15,
2008, as well as to U.S. Provisional Patent Application No. 61/101,880 entitled “Tapered
Narrow-band Data Signaling Method, System and Software for Enhanced Variable-rate
Codec Compatibility in In-Band Signaling” filed on October 1, 2008. This application
also claims priority to U.S. Application No. 12/252,284 filed October 15, 2008. The
disclosures of all priority applications are incorporated herein by reference in their
entirety as though fully set forth.

[0002] Wireless communications, including methods for in-band signaling of small
amounts of data through a voice channel session of a digital wireless

telecommunications system.

BACKGROUND
[0003] Many telecommunication components used in cellular and landline telephone
networks are designed to efficiently transmit human voice signals over voice
communication channels. For example, a digital voice coder (vocoder) uses linear
predictive coding technigues to represent sampled voice signals in compressed form.
These linear predictive coders filter out noise (non-voice signals) while compressing and
estimating the frequency components of the voice signals before being transmitted over
the voice channel.
10004] It is sometimes desirable to transmit both audio signhals and digital data over a
wireless telecommunications network. For example, when a cellular telephone user
calls “911" for emergency assistance, the user may wish to send digital location data to
a call center over the same channel used to verbally explain the emergency conditions
{o a human operator. However, it can be difficult to transmit digital data signals over the

voice channel of a wireless network because such signals are subject to several types
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of distortion. For example, encoded data signals traveling over the voice channel of a
wireless network can be distorted by vocoder effects caused by the voice compression
algorithm.

[0005] The need remains for improvements in data communications via the voice
channel of a digital wireless telecommunications network. Voice channels are preferred
for some applications, especially emergency applications, because wireless voice
services, as distinguished from data services, are highly reliable, minimize delay, and
are widely available in many geographic areas around the world.

[0006] Related information can be found in U.S. Patent No. 6,144,336 incorporated
herein by this reference. Additional disclosure can be found in U.S. Patent No.
0,690,681 also incorporated by reference. And finally, further relevant disclosure
appears in U.S. Patent No. 6,493,338 also incorporated by reference as though fully set

forth. The foregoing patents are owned by the assignee of the present application.

[0007] Fig. 1is a plot of a 2225 Hz sinusoid with a Blackman-Harris window for
fransmission of data in a voice channel of a digital wireless telecommunications system.
[0008] Fig. 2is a plot illustrating an example of a combination signaling waveform for

transmission of data in a voice channel of a digital wireless telecommunications system.

[0009] A family of narrow-band signaling methods is disclosed to successfully pass
used in CDMA wireless channels. Narrow-band signals, or tones, above 2 kHz
experience significant distortion by this processing chain, which results in poor detection
performance in data transfer over the voice channel (called “in-band signaling”) of the
digital wireless network.

[0010] In one example consistent with the present invention, a narrow-band signal can
be created to pass through known cellular network and EVRC-B processing and be

successfully detected by a tone detector. Assuming that we have a system designed to



CA 02735135 2011-02-23
WO 2010/030990 PCT/US2009/056834

detect a signal of given or predetermined frequency, we create the desired signal with
an envelope that is tapered at both ends (see FlG. 1). We have discovered that this
has the effect of stimulating the vocoder to represent the signal at higher bit rates that
would otherwise occur. Consequently, the signal will be a more accurate
representation of the original signal and be more readily detected by the receiver. By
way of example, a preferred embodiment is described below.

[0011] In this example, the signal of interest is a 3 second 2225 Hz tone, and is
created as a simple sinusoid multiplied by a windowing function as shown in FIG. 1. In
this example, the Blackman-Harris window function is used, although there are other
well-known windowing functions that could be used; e.g., Hamming, Parzen, Gaussian,
Bartlett, Kaiser, etc. In addition to minimizing distortion by the EVRC-B network, another
advantage of this waveform is that legacy detectors designed to detect the 2225 Hz
tone will detect this new waveform as well. Thus this improved waveform can be used
to advantage to signal a receiving modem, for example to prepare it to receive
subsequent data to follow in the voice channel. The waveforms disclosed herein can
also be used to prepare the transmission side coder or vocoder in advance of sending
data encoded as audio frequency tones.

10012] Once the design parameters of this waveform, such as its duration, frequency,
and windowing function, are determined the waveform can be generated using a
general programming language such as C, or with a signal processing software
package such as Matlab. Both are commercially available. The digital samples of the
waveform can then be stored in memory of the in-band signaling device, and retrieved
whenever necessary for operation. Alternatively, the design parameters can be stored
iIn memory of the in-band signaling device and the waveftorm generated ‘on-the-fly
using these parameters whenever necessary.

[0013] These methods may be applied to various in-band signaling devices. For
example, an in-band “modem” may be implemented in software stored and executed in
a cell phone. It may execute using the cell phone processor and or DSP device. Other
implementations of an in-band modem may be fashioned, for example, in a motor
vehicle. In such cases, the modem may be coupled to an on-board network of the

motor vehicle for integration with other systems. For example, an air bag deployment or
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other emergency signal (fire, engine explosion, etc) detected in the vehicle systems
may be used to trigger the modem to initiate a call automatically to an emergency call
taker.

[0014] The invention in some embodiments may be implemented, as noted, by a digital
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computing system. By the term digital computing system we mean any system that
includes at least one digital processor and associated memory, wherein the digital
processor can execute instructions or “code” stored in that memory. (The memory may
store data as well.) A digital processor includes but is not limited to a microprocessor,
multi-core processor, DSP (digital signal processor), vocoder, processor array, network
processor, etc. A digital processor may be part of a larger device such as a laptop or
desktop computer, a PDA, cell phone, iPhone PDA, Blackberry® PDA/phone, or indeed
virtually any electronic device.

[0015] The associated memory, further explained below, may be integrated together
with the processor, for example RAM or FLASH memory disposed within an integrated
circuit microprocessor or the like. In other examples, the memory comprises an
independent device, such as an external disk drive, storage array, or portable FLASH
key fob. In such cases, the memory becomes “associated” with the digital processor
when the two are operatively coupled together, or in communication with each other, for
example by an 1/O port, network connection, etc. such that the processor can read a file
stored on the memory. Associated memory may be “read only” by design (ROM) or by
virtue of permission settings, or not. Other examples include but are not limited to
WORM, EPROM, EEPROM, FLASH, etc. Those technologies often are implemented in
solid state semiconductor devices. Other memories may comprise moving parts, such a
conventional rotating disk drive. All such memories are “machine readable” in that they
are readable by a suitable digital processor as is well known.

[0016] As explained above, the present invention preferably is implemented or
embodied in computer software (also known as a “computer program” or “code”; we use

these terms interchangeably). Programs, or code, are most useful when stored in a
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digital memory that can be read by a digital processor." We use the term “computer-
readable storage medium” (or alternatively, “machine-readable storage medium”) to
include all of the foregoing types of memory, as well as new technologies that may arise
in the future, as long as they are capable of storing digital information in the nature of a
computer program or other data, at least temporarily, in such a manner that the stored
iInformation can be “read” by an appropriate digital processor. By the term “computer-
readable” we do not intend to limit the phrase to the historical usage of “computer” to
imply a complete mainframe, mini-computer, desktop or even laptop computer. Rather,
we use the term to mean that the storage medium is readable by a digital processor or
any digital computing system. Such media may be any available media that is locally
and/or remotely accessible by a computer or processor, and it includes both volatile and
non-volatile media, removable and non-removable media.

[0017] Where a program has been stored in a computer-readable storage medium, we
may refer to that storage medium as a computer program product. For example, a
portable digital storage medium may be used as a convenient means to store and
transport (deliver, buy, sell, license) a computer program. This was often done in the
past for retail point-of-sale delivery of packaged (“shrink wrapped”) programs.
Examples of such storage media include without limitation CD-ROM and the like. Such
a CD-ROM, containing a stored computer program, is an example of a computer
program progduct.

[0018] The present invention thus includes in-band signaling circuits and software
configured to generate and or transmit waveforms of the types described herein.
conversely, at the receiving end, detectors and decoders may be employed for
decoding data transmitted using such waveforms. In some embodiments, the

waveforms are backward compatible for detection and decoding by legacy equipment.

\aasaament

" In some cases, for example a simple text document or “flat file,” a digital computing system may
be able to “read” the file only in the sense of moving it, copying it, deleting it, emailing it, scanning it for

viruses, etc. In other words, the file may not be executable on that particular computing system (although
It may be executable on a different processor or computing system or platform.
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[0019] In some embodiments, a waveform of the type disclosed above may be used in
combination with another tone or waveform to provide in-band modem signaling
capability for wireless networks that employ multiple types of vocoders. An in-band
modem may use a particular signaling waveform that operates in one type of vocoder
channel, but not in another. Such a scenario arises when voice vocoders in the network
are upgraded, as when EVRC-B vocoders are introduced to COMA wireless networks
and co-exist with legacy EVRC vocoders. Unlike EVRC, the EVRC-B voice codec
channel is not transparent to signals over 2 kHz, and will suppress signals greater than
2 kHz that were developed for EVRC channels. In-band modems can use an EVRC
compatible waveform in tandem with one that is compatible with EVRC-B to ensure
operation in such a wireless network. Alternatively the combination may consist of one
waveform that is detectable in both vocoder channels, and one that is compatible in only
one vocoder channel.

[0020] Another preferred embodiment employs the aforementioned tapered signaling
waveform in tandem with another waveform using FSK-modulation. The tapered, or
windowed, waveform is detectable in both EVRC and EVRC-B channels and the FSK-
modulated signal is intended for use in the EVRC-B channel. Such a waveform
combination results in improved performance in the EVRC-B channel because there are
2 waveforms that can be detected, and supports in-band modems that operate in EVRC
channels. An example of this tandem waveform is shown in FIG. 2, in which a 2225 Hz
windowed fone is followed by an FSK-modulated waveform.

[0021] It will be apparent to those having skill in the art that many changes may be
made to the details of the above-described embodiments without departing from the
underlying principles of the invention. The scope of the present invention shouid,

therefore, be determined only by the following claims.
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CLAIMS

1. An in-band signaling modem for use in a digital wireless telecommunications
device 10 send data over a voice channel of a digital wireless telecommunications
network, the in-band signaling modem cComprising:

software stored in a memory in the wireless telecommunications device, the
software executable in a processor in the wireless telecommunications device;

the software configured {o control the processor to generate a predetermined first
signaling waveform for transmission over the voice channel, the first signaling waveform
having a frequency within a range of approximately 400-3400 Hz; and

wherein the first signaling waveform is tapered at the beginning of the waveform,
such that it gradually increases in amplitude from substantially zero amplitude to a

predetermined peak amplitude, for reducing distortion of the signaling waveform by a

vocoder in the voice channel.

2. An in-band signaling modem according to claim 1 wherein the first signaling
waveform is tapered at the end of the waveform, such that it gradually decreases in

amplitude from the peak amplitude to substantially zero amplitude; and

the first signaling waveform has a duration within a range of approximately 1-3

seconds.

3. An in-band signaling modem according to claim 2 wherein the digital wireless

telecommunications device comprises a cell phone.

4. An in-band signaling modem according to claim 2 wherein the

telecommunications device is integrated into a motor vehicle and arranged for automatic
operation to send data in an emergency over a voice channel of the digital wireless

telecommunications network.
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5. An In-band signaling modem according to claim 2 wherein the first signaling
waveform has a duration of approximately three seconds and has a frequency greater

than approximately 2 kHz.

6. An in-band signaling modem according to claim 2 wherein the first signaling
waveform is created prior to fransmission and stored in a memory in the

communications gevice.

/. An in-band signaling modem according to claim 2 wherein the first signaling
waveform comprises approximately a 3 second, 2225 Hz tone, for backward

compatibility with legacy detectors.

8. An in-band signaling modem according to claim 2 wherein

the software is further configured to control the processor to generate a combination
signaling waveform for transmission over the voice channel, the combination signaling
waveform comprising the first signaling waveform and a second signaling waveform, the
- second signaling waveform characterized by FSK (phase shift keying) modulation of two

audio frequencies; and the first and second signaling waveforms transmitted in tandem.

9. An in-band signaling modem according to claim 8 wherein the first signaling

ie of the Hamming, Parzen, Gaussian,

L

)

waveform is generated by applying a selected o

Bartlett, and Kaiser window functions.

10. A computer program stored in a machine-readable storage medium for
execution in a digital processor in a cell phone to send data over a voice channel of a
digital wireless telecommunications network, the program configured to transmit a

predetermined signaling waveform having at least one tapered end for transmission

prior {0 sending data in the voice channel.
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11. A computer program product storing executable code for use in a digital
wireless telecommunications device to send data over a voice channel of a digital

wireless telecommunications network wherein the code is executable on processor in

the cell phone

and wherein the code is configured to generate a combination signaling
waveform for transmission prior to transmitting data over the voice channel, the
combination signaling waveform selected to reduce distortion in a vocoder; and further

wherein the combination signaling waveform includes at least two different bursts
In tandem, each burst having a duration of at least approximately 1.0 second, and at
least one of the bursts comprising a substantially sinusoidal waveform having a
frequency greater than approximately 2 kHz and tapered at the beginning of the

waveform from substantially zero amplitude to a predetermined peak amplitude.

12. The computer program product of claim 11, wherein the code is configured
o generate the combination signaling waveform having a total duration of at least

approximately three seconds.

13. The computer program product of claim 12, wherein the second burst

waveform is characterized by FSK (phase shift keying) modulation of two audio

frequencies, and the second burst either precedes or follows the first burst.

14. The computer program product of claim 11, wherein the first burst comprises

approximately a three-second, 2225 Hz tone.

15. A method for adapting an audio frequency waveform to traverse a vocoder in
a voice channel of a digital wireless telecommunication system with reduced distortion,
the method comprising:

generating a first audio frequency waveform;

extending the duration of the first waveform to a selected duration within a range

of approximately 1-3 seconds; and
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applying a windowing function to the first waveform so as to taper the leading
and trailing ends of the first waveform, for reducing distortion in certain low rate
vocoders that may be encountered when transmitting the first waveform in the voice

channel of a digital wireless telecommunication system.

16. The method of claim 15 and further comprising:

generating a second waveform for transmission in tandem with the first
waveform;

wherein the second waveform is characterized by FSK (phase shift keying)

modulation of two audio frequencies.

17. The method of claim 16 wherein the windowing function is selected from the

group consisting of the Hamming, Parzen, Gaussian, Bartlett, and Kaiser window

functions.

18. A method for communicating digital data over a voice channel of a digital
wireless telecommunications network comprising:

receiving digital input data;

encoding the input data into audio frequency tones for transmission via the véice
channel;

generating a signaling waveform;

first transmitting the signaling waveform over the voice channel to prepare a
transmission side vocoder;

and then transmitting the audio frequency tones that encode the input data over

the voice channel.

19. The method of claim 18 wherein the signaling waveform comprises at least
two different bursts in tandem, each burst having a duration of at least approximately
1.0 second, and at least one of the bursts comprising an audio frequency waveform that

is tapered at the beginning of the waveform, such that it gradually increases in

10
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amplitude from substantially zero amplitude to a predetermined peak amplitude, for

reducing distortion of the signaling waveform by a vocoder in the voice channel.
20. The method of claim 19 wherein the first burst is tapered and a second burst

waveform is characterized by FSK (phase shift keying) modulation of two audio

frequencies.

11



PCT/US2009/056834

CA 02735135 2011-02-23

WO 2010/030990

el e AN el v ey 7 — - .
| i i 1 _ |
~
¢
5
¥
'

ol
§

3
S
T

Window

a8
PP Rr e e
Rt ST

afmns

AN A el

3
RS O LSRR v s A A R

5

R
N

d With BlackmanH

e
ety ;

*

NNl

oS
’

NOYFORY

e
R T

S

INUsSOL

2225 Hz &

il

.yy.n*

ron.

ANAR AN AT AW

Arer
-l
—

A

Time (secs)

PN A AN,

TS VAN RS

- PRRERPPY SIS

E 8
*
]
&
L}
]
]
]

opnyjdwy




CA 02735135 2011-02-23

PCT/US2009/056834

WO 2010/030990

FIGURE 2

Combination Signaling Waweform

X 104

ve

RN -

Adalalal AT

H
rd
i
:
¢
!
:
i
¢
:
g
i
L
:
v
(
:
b

am=y

N AR S

a—ig

e L R LAt

T ) A

ek i

1.

"

spniidul

.
<

PNk s e

Seal

o]

w

-

FAAR T AN A

1
i

3.

1.

0.

SECS



FIGURE 2

Combination Signaling Waweform

-A-v'rn-\-vu-v—J—nl.-Mlhmnan-vlmmt.tva.ﬁ&.«u'.na--nlu.'-I-u..m.n-m- B I e e e T

1 4

s : —nea -~ : v

> v ] T

: ". _ _. , i
.
3
i
L

— Seet

PPN
S Ltk

J

——

3

4

H

3

H4

§
:
1

N AP . &
jrILIInmoiiinai
S L pe—
4
PR

]

Folerm

1.

T e

"

spniidul

-
<

LT

- —

AR LTI AN A

1.

0.

SECS



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - claims
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - abstract drawing

