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A method for recognizing tones In a signal in a telecommunication transmission uses samples of the signal to determine whether a
tone of an expected frequency and wave shape Is contained In the signal. If the method accurately predicts the value of the next

sample, then a tone of the expected frequency and wave shape has been detected.
sequences of tones comprising intervals with particular frequencies and durations. Tr
Initiation sequences for fax and modem transmissions, for example the [TU-T recom

Another method may be used to recognize
e method may be applied to the detection of
mendation T.30 V.21 fax initiation sequence

and the ITU-T recommendation V.25 modem transmission preamble. The method may be Iincorporated In a device for detecting
modem or fax transmissions on a line and routing such modem and fax transmissions to a modem/fax relay. Thus the invention can
be used with devices which provide voice compression by ensuring that fax and modem transmissions are not corrupted by being

passed through the voice compressors.
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ABSTRACT

A method for recognizing tones in a signal in a telecommunication transmission
uses samples of the signal to determine whether a tone of an expected frequency and wave shape
1s contained in the signal. If the method accurately predicts the value of the next sample, then a
tone of the expected frequency and wave shape has been detected. Another method may be used
to recognize sequences of tones comprising intervals with particular frequencies and durations.
The method may be applied to the detection of initiation sequences for fax and modem
transmissions, for example the ITU-T recommendation T.30 V.21 fax initiation sequence and the
ITU-T recommendation V.25 modem transmission preamble. The method may be incorporated in
a device for detecting modem or fax transmissions on a line and routing such modem and fax
transmuissions to a modem/fax relay. Thus the invention can be used with devices which provide
voice compression by ensuring that fax and modem transmissions are not corrupted by being

passed through the voice compressors.
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METHOD AND DEVICE FOR RECOGNIZING TONES AND SEQUENCES THEREOF

FIELD OF THE INVENTION

The invention relates to the field of tone recognition in telecommunications and
more particularly to the detection of particular sequences of tones used to indicate the initiation of

a fax transmission.

BACKGROUND OF THE INVENTION

It has become common in voice communication networks to employ voice
compression technology in order to increase the number of connections that may be carried on a
limited number of lines in a network. Because a human voice signal contains significant
redundancy, digitized voice communications are readily compressible using any of a number of
available voice compression algorithms. Although some signal quality is lost when a voice
transmission is compressed, the losses in quality are usually minimal and offset by the lower costs
derived from the use of more voice paths on fewer lines. Voice compression ratios in the range of
4:1 and 8:1 and higher have become common in telephone transmission, and though quality of the
voice signal may be slightly compromised at these ratios, the quality remains high enough for

effective communication.

Most communication networks which carry voice transmissions are also used for
carrying data transmission. The most common example of a network which carries both voice

and data transmissions 1s the general switched telephone network which carries voice, fax and
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modem transmissions. Because data transmissions such as fax and modem contain different
information redundancy than voice transmissions, data transmissions are not properly propagated
through compressed voice channels. Fax and modem transmissions may however be compressed
using compression techniques specifically designed for such transmissions. The extent to which
voice compression will degrade a fax transmission depends on a number of factors, including the
speed of the fax transmission, the sophistication of the voice compression algorithm and the
compression ratio. For example a slow (eg. 2400 bits per second) fax transmission could succeed
in being properly exchanged on a voice compression channel, but higher bit rate transmissions like

14.4 kbps would fail.

Therefore, in order for a mixed voice/data communication network to support high
voice compression rates, fax transmissions must be detected and routed over uncompressed lines
or fax relays so that the fax transmissions are not propagated through the voice compression

system.

Under International Telecommunication Union Telecommunication Standard
Sector’s (ITU-T) Recommendation T.30, fax transmissions are initiated by the transmission of a
ITU-T V.21 300 bit per second (b.p.s.) FSK (frequency-shift-keying) modulated signal. The
initial sequence of the ITU-T V.21 signal consists of the repeated transmission of many HDLC
(High level Data Link Control) IDLE flags each consisting of the binary sequence 01111110. In

the V.21 channel 2 FSK modulation, 1's are represented by a 1650 Hz tone and O's are
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represented by a 1850 Hz tone. Thus, the initiation sequence of the fax transmission is indicated
by an initial tone at 1850 Hz for a duration of 3.3 milliseconds (corresponding to one 0 at 300
b.p.s.) followed by a tone at 1650 Hz for a duration of 20 milliseconds (corresponding to the six
1's at 300 b.p.s.) followed by a tone at 1850 Hz for a duration of 6.6 ms (corresponding to the
two O's at 300 b.p.s.). Thereafter an alternating sequence of tones at 1650 Hz for 20 ms and at

1850 Hz for 6.6 ms is repeatedly transmitted.

The T. 30 protocol also allows for the sharing of a single O bit between two
adjacent HDLC IDLE flags. Therefore, it is also possible to encounter a 3.3 ms tone at 1850 Hz

between two 20 ms tones at 1650.

Two methods of detecting V.21 fax transmissions are common 1in the prior art.
The first method involves using a tone detector tuned to 1650 Hz. If the tone detector tuned to
1650 Hz detects a predominant 1650 Hz tone in the incoming signal for a particular period of
time then a fax transmission is assumed to have been detected and is routed to an uncompressed
line or fax relay. The tone detectors used in the prior art are typically band pass filters tuned to
1650 Hz. If a predominant portion of the signal passes through the filter for a particular period of
time, then this prior art method assumes that the 1650 Hz tone 1s predominant because the signal
is carrying the initiation sequence of a V.21 fax transmission. This prior art method has several
drawbacks including possible false detections which can be triggered by music or sibilance in a

voice signal or detection of crosstalk from a fax transmission on another line. In addition, the



10

15

CA 02242187 1998-07-03

_4 -

necessary components for the filters used in this method are relatively expensive. However, one
advantage of this technique is that it may be implemented using a relatively small number of

operations 1n a computer.

A second prior art method for detecting a fax transmission uses a V.21
demodulator to perform a full demodulation and conversion of the signal into a bit stream. The
bit stream is then analysed for repetition of the specific HDLC bit sequence (01111110) which
indicates the beginning of a fax transmission. This method of detection accurately detects fax
transmissions and reduces the probability of false detections encountered in the first method.
However, compared to tone detection this method is computationally complex requiring

significantly more computer operations making it more expensive and complex to implement on a

system.

It can be seen that a method of detecting a fax transmission which 1s both accurate

and simple, requiring fewer computer operations than a full V.21 demodulation, is desirable.

SUMMARY OF THE INVENTION

According to a first broad aspect of the present invention, there is provided a
method for recognizing a tone having a tone frequency and a wave shape in a signal in a

telecommunications transmission, the method including the steps of: sampling the signal at a
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sampling frequency to obtain first and second consecutive samples of the signal; obtaining a
predicted value corresponding to a third consecutive sample of the signal using the first
consecutive sample, the second consecutive sample, the tone frequency, the wave shape and the
sampling frequency; sampling the signal at the sampling frequency to obtain the third consecutive
sample of the signal; deriving a prediction error indicative of the presence of the tone in the signal
using the third consecutive sample and the predicted value; and testing the prediction error against

a threshold value to determine whether the signal contains the tone.

According to a second broad aspect of the present invention, there is provided a
method for recognizing a sequence transmitted in a signal, the sequence having a plurality of tone
intervals each having an interval frequency and an interval duration, the method including the
steps of: detecting a tone in the signal having a frequency matching the interval frequency of a
tone interval of the sequence; timing the tone to obtain a timed duration; detecting a subsequent
tone having a frequency matching the tone frequency of a subsequent tone interval of the
sequence if the timed duration of the previous tone matches the interval duration of the previous
tone interval; timing the subsequent tone in order to obtain a subsequent timed duration; and
repeating the previous two steps to detect and time subsequent tones until, for every tone interval
in the sequence, a tone is detected having a frequency and a timed duration matching the interval

frequency and the interval duration of a corresponding tone interval.
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According to a third broad aspect of the present invention, there is provided a
method for recognizing a fax transmission in a signal, the fax transmission having an initiation
sequence for indicating the beginning of the fax transmission, the initiation sequence having a
plurality of tone intervals each having an interval frequency, an interval duration and a wave
shape, the device including a tone detector for recognizing tones in the signal having frequencies
corresponding to the interval frequencies of the tone intervals in the initiation sequence of the fax

transmission, and a timer for timing the duration of the tones.

According to a fourth broad aspect of the present invention, there is provided a
device for recognizing a modem transmission in a signal, the modem transmission having an
initiation tone for indicating the beginning of the modem transmission, the initiation tone having
an initiation frequency and a wave shape, the device including a sampler for sampling the signal at
a sampling frequency to generate digital samples of the signal, and a tone detector for recogmzing
a tone in the signal having a frequency matching the initiation frequency, wherein consecutive
samples are provided to the tone detector and the tone detector uses two consecutive samples, the
sampling frequency, the initiation frequency and the wave shape to obtain a predicted value of a
third consecutive sample, and wherein a prediction error indicative of the presence of the initiation
tone in the signal is derived using the third consecutive sample and the predicted value, and
wherein the prediction error is tested against a threshold value to determine whether the signal

contains a tone having a frequency corresponding to the initiation frequency.
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BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be understood and appreciated more fully from the

following detailed description taken in conjunction with the drawings, in which:

Figure 1 is a flow chart of the tone detection method according to one preferred

embodiment of the present invention;

Figure 2 is a state diagram of a fax detection method according to another

preferred embodiment of the present invention; and

Figure 3 is a system block diagram of a device implementing a fax/'modem detector

according to another preferred embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The method of the invention uses available samples of the incoming voice/data
transmission to recognize the tones which indicate the beginning of a fax transmission. Typically,
in general switched telephone networks, incoming signals are sampled at a fixed sampling
frequency of 8000 Hz, though other frequencies may be used. The samples are used to perform
various functions on the signal including converting the analog signal to digital format,

remodulating and multiplexing the signal with other signals over a shared medium, and
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compressing the signal. Thus, a constant 8000 Hz stream of samples represented 1n binary form 1s

already available for the implementation of the method of this invention.

The method of the invention includes a tone recognition method to recognize
whether the incoming signal contains a tone of an expected frequency and wave shape. The tone
recognition method of the invention uses two consecutive samples of the incoming signal to
calculate a predicted value of the subsequent sample based on the expected frequency of the tone
and wave shape. The predicted value 1s then compared to the actual value of the subsequent
sample to generate a prediction error. The prediction error 1s the difference between the
predicted value and the actual value of the subsequent sample. If the prediction error 1s zero, or
relatively small amplitude, indicating that the actual value of the subsequent sample 1s as predicted
based upon the expected frequency, then a tone with the expected frequency has been detected.

For a sinusoidal wave shape, the predicted value may be calculated by a formula as follows:

f

X' =2x .cos(—=2m) - x_, 1)

/s

where f, 1s the expected frequency, f; 1s the sampling frequency (typically 8000 Hz in a general
switched telephone network), x, , and x, , are respectively the first previous and second previous
samples of the incoming signal, and x’, 1s the predicted value of the subsequent sample. As can be

seen from this formula, the predicted value x°, will change depending on the expected frequency

f.. If the incoming signal is a perfect sinusoidal waveform with a frequency which matches the

M WWI.WMIMWG..R‘_‘WAsha-c,q(,MW-':-ﬂﬁd* Mhame 1 e wdde Tl s e el — T
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expected frequency £,, then the predicted value x’, will equal the actual value of the subsequent
sample x, . One technique for obtaining a prediction error E,, which is indicative of the match
between the waveform of the incoming signal and that of the expected signal, is based on the

difference between x’, and x:

(2)

The values calculated for the prediction error £, are used to determine whether a
tone having the expected frequency has been detected. Stated simply, £, is checked and if the
absolute value of E_ is relatively small then the method indicates that a tone of the expected
frequency has been detected. This may be done by comparing the absolute value of the prediction
error |E | against a threshold level, where if the absolute value of the prediction error |E,| is less
than the threshold level then the method determines that a tone of the expected frequency 1s
present in the incoming signal. A problem with this method of testing £, however is that the
method is not sensitive to variations which may take place in the power of the incoming signal.
For example, a set of x,_, = x,_, = x, = 0 will deliver an error of zero. It will be appreciated that
an incoming signal with low power will generate a small prediction error that could be lower than

the fixed threshold even though a tone of the expected frequency is not present, thus generating

false detections.

In order to reduce the occurrences of false detections based upon incoming signals

associated with variations in signal power, the preferred method according to the present
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invention determines the average power of the incoming signal in order to ensure that the average
power of the incoming signal is above a minimum power level. The predicted value x’, and the
prediction error E, are only calculated and tested if the average power of the incoming signal 1s
greater than the minimum power level. Alternatively, £, and x’, may be calculated if the average
power of the incoming signal is less than the minimum power level, but the results rejected.
However, only calculating £, and x’, when the average power of the incoming signal 1s greater
than the minimum power level reduces the number of operations performed by the method and 1s

therefore preferable.

Prediction errors may also be low as a result of an incoming signal having
segments which map to a sinusoidal signal even though overall the incoming signal is not
sinusoidal. In such a case, the prediction error may be low for a single or few instances because a
brief segment of the signal corresponds to a sinusoidal wave with the expected frequency. This
can also generate false detections. Therefore, it is desirable that the method not indicate that a

tone has been detected based on the value of only one prediction error.

In order to reduce the occurrences of false detections based upon a brief segment
of the incoming signal mapping to a sinusoidal signal, several measures can be taken. One of the
preferred measures involves determining the average power of the prediction error based on the
prediction errors of historic samples and using this average instead of using only the absolute

value of the prediction error |E,| corresponding to the most recent sample x, to determine
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whether the tone has been detected. To further ensure that a tone 1s not falsely declared when the
prediction error has only been determined to be small once or a few times in succession, the tone
detection method 1s preferably designed to declare the presence of a tone of the expected

frequency after the average power of the prediction error has remained low for a configurable

number of samples.

In order to further enhance the accuracy of the prediction error £, a more
sophisticated DSP notch filter may be implemented. It can be seen from the above that the

prediction error may be expressed as the following:

E =x - 2xn_lcos(§32n) t X

In mathematical terms the detection operation is a single input (signal x_), single output (error E )

system. Such a system can be defined using the Z transform:

E(z) -1 + 07 + gzr2
o) =H@Z) =1+ «a o

2

in which:

o, = —2005(‘%271:)
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and:

It will be appreciated by those skilled in the art that such a system is a second order non-recursive

notch filter. Previous error values can be included to convert the system in a recursive notch filter

represented by the transfer function:

Higher order transfer functions may also be used, for example a higher order non-recursive

system:

-2

- -1
H(z)=1+o0z" +0,z° + az> +
or a higher order recursive system:
1 +az ' +az? +oaz> + ...
H(z) = —— I _

—
+
2
N

|

.+.
.;@

Ny
ro

+
k=™,

W)
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These higher order systems implement a notch filter with a narrower frequency band 1n the notch.

Thus, £ may be calculated using a higher order transfer function in order to increase the accuracy

of the tone detection method.

The value for the average power Power, of the incoming signal may be roughly

estimated using the formula:

il Power, . + l|x | (3)
N " N’

Power "

In equation (3), the parameter N 1s a decay factor. The decay factor determines the relevance of
past samples in calculating the estimated average power, Power,. Power, , is the estimated
average power as calculated after the previous sample x,, was taken. It can be seen that the
smaller N 1s, the less relevance past samples will have in determining the estimated average power
of the signal. For N=1, Power, = | x,| and the estimated power of past samples does not factor
into the calculation of the average power. The decay factor can be set as high or as low as
desired, but those skilled in this art will appreciate that in order to have a measurement of
estimated average power that responds fairly quickly to changes in the power of the incoming
signal, it is desirable to keep N below a certain level. The preferred value for N in the present
preferred embodiment when used for detection of ITU -T V.21 and V.25 fax and modem

transmissions 1s in the range of 4 to 64 for a sampling rate of 8000 Hz. It will be appreciated by
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those skilled in the art that any other method to compute or estimate the average power of the

incoming signal can be used with the present invention.

The average power of the prediction error is estimated using an equivalent

formula:

-1 1. "
E] oweél = e—— EPOWG}' + — ~
¢ N n-1 NlE”l _ (,")

where E_ is the prediction error calculated as discussed above. The value of the decay‘factor N
used to calculate the estimated average power of the prediction error EPower, should be, but is
not restricted to be, the same as the value used for the decay factor in the calculation of the
estimated average power of the incoming signal such that the estimated average power of both the
incoming signal and the prediction error are calculated with the same weigh@g for hiétorical
samples. If the decay factors for these two calculations are far apart, then Power, and EPower,
will respond to changes in the incoming siénal at different rates. It will be appreciated by those
skilled in the art that any other method to compute or estimate the average power of the

prediction error can be used with the present invention.

The flowchart in Figure 1 shows the steps involved in the tone recognition method
of the invention. Beginning with block 8, each time the incoming signal is sampled, the average

input power is estimated using equation (3) at block 10. Next, the average input power is
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compared against a minimum signal power threshold at block:12. This minimum mgna] power
threshold is indicated as “MIN”. If the average power of the incoming signal is less than this
minimum signal power threshold, the predicted value and prediction error are not calculated and
EPower, is set to zero, as at block 14. Also at block 14, a counter variable known as “Debounce”
1s reset. This counter variable is discussed in greater detail below. As can be seen from the
flowchart of Figure 1, the checking of the power of the incoming signal not only helps to avoid
certain false detections, but also saves the CPU of the device in which the tone detection method: .
1S ﬁnplemented from executing unnecessary calculations of x’, and £,. The mmlmum signal
power threshold may be set to any value as may be considered appropnate by one skilled in the

art, but for typical telephone networks, values between -30 and -40 dBmQO are recommended. If

one wishes, the computation of the error and EPower, can be performed at the expense of extra

computational resources.

If the average power of the incoming signal is higher than the minimum signal
power threshold, then the predicted value x '» prediction error E, and the average power of the
prediction error EPower, are calculated at block 16. Next, at block 18 the average power of the
prediction error EPower, 1s then compared to the avefage power of the incoming signal Power,,
In block 19, a count vanable identified as “Debounce” is decremented each time EPower,, is less

than the configurable fraction of Power,. The Debounce count is originally set to equal the

number of samples for which EPower, must be less than the configurable fraction of Power,, as

explained below. That number is indicated as “Reload” in block 21. When the Debounce count
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1s decremented to zero the tone detection method declares that a tone of the expected frequency

1s present, as at block 20.

For each subsequent sample, as long as £Power, remains less than the configurable
fraction of Power , the tone will be repeatedly declared present. If the tone is lost and EPower, 1s
no longer less than the configurable fraction of Power , the Debounce count 1s reset at block 21 to
the value “Reload”, as mentioned previously. The Debounce count 1s also reset at block 14 1f
Power, drops below the minimum threshold power. Once the Debounce count 1s reset at blocks
14 or 21, 1t must again be decremented to zero before a tone of the expected frequency 1s again
declared. The net effect of the Debounce count is to ensure that £Power, must be based on a

minimum number of historic prediction errors before a tone is declared.

The preferred fraction of the average power of the incoming signal against which
the average power of the prediction error is compared should be configured between 1% and
50%. Thus, for a fraction of 10%, a tone will be detected if the tone of the expected frequency

accounts for at least 90% of the power of the incoming signal.

The tone recognition method disclosed above may be used to recognize a simple
sustained tone of a particular frequency or alternatively may be enhanced to incorporate a
sequence recognition for detecting particular sequences of tones. An example of the first possible

use of the tone recognition method could be its implementation to detect ITU-T V.25 modem
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preamble transmissions. These V.25 modem preamble transmissions on the general switched
telephone network are initiated by a 2100 Hz tone with optional phase reversals for indicating that
the transmitting modem is full duplex. Unlike the ITU-T V.21 initiation for fax transmissions, the
V.25 modem initiation consists of a constant tone without changes in tone frequency. In order to
detect a V.25 initiation signal, the expected frequency £, is set to 2100 Hz and the steps of the
tone recognition method disclosed above and illustrated in Figure 1 are executed. When the
average power of the prediction error is determined to be less than the average power of the
incoming signal for the predetermined number of samples, the tone detection method declares that
a 2100 Hz tone is present. The device implementing the tone detection method would then
process the incoming modem transmission accordingly, for example by re-routing the modem

transmission to an uncompressed line or a modem relay.

The tone detection method disclosed above may also be incorporated into a
method for detecting a sequence of tones. In particular, the tone detection method may be
incorporated into a method for detecting a particular sequence of bits which has been FSK
modulated. For example, the tone detection method may be used to detect the initiating HDLC
flags of an ITU-T V.21 fax transmission. The state diagram of Figure 2 illustrates the
incorporation of the tone detection method in a method for detecting the V.21 fax transmission
intiation sequence. As described above, this initiation sequence basically consists of the repeated
transmission of six 1's followed by one or two 0's at 300 b.p.s. using the two tone frequencies

1650 Hz and 1850 Hz respectively. At 300 b.p.s., six 1's are represented by a 20 ms 1650 Hz
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tone, two 0's are represented by a 6.66 ms 1850 Hz tone and one O is represented by a 3.3 ms

1350 Hz tone.

In order to detect a 1650 Hz tone, equation (1) above is calculated, with a value of
f. equal to 1650 Hz. Likewise, equation (1) 1s calculated with £, equal to 1850 Hz 1n order to
5 detect an 1850 Hz tone. Theretfore, a different predicted value 1s calculated using equation (1)
depending on which frequency is expected, 1650 Hz or 1850 Hz. Thus, the two possible
predicted values corresponding to an expected frequency, /., of 1850 Hz and 1650 Hz may be

calculated as follows:

1650 1650

x', = 2x_ _ cos( 21m) - x__, (1.1)
/s

1850 1850

X, = 2x__,cos( 7 21) - x, (1.2)

Depending upon what the expected frequency is, the tone detector will predict either x’,'5*° or

» 1650 » 1850

10 x’, . The predicted value, x’'*° or x’'*° as the case may be, is compared against the actual

value of the subsequent sample x, to generate the prediction error E_ % or E 3%
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The prediction error, £, '° or E '*°, is used to determine whether a tone of the
expected frequency has been recognized. Once a tone has been recognized it 1s timed. If the
duration of the tone corresponds to the expected duration of the tone (1e 20 milliseconds for a
1650 Hz tone, or 6.66 or 3.33 milliseconds for a 1850 Hz tone) then the method begins timing the
duration of the next tone. If this next tone also corresponds to the expected duration, then the

method determines that a matching sequence has been detected.

A more detailed explanation of the state diagram of Figure 2 for the fax detection
method will now be provided. When the fax detection method i1s initiated, the method begins at a
first state 22 by searching for binary 1’s using the tone detection method with an expected
frequency of 1650 Hz (f, = 1650 Hz). When the tone detection method recognizes a 1650 Hz
tone, the duration of the tone 1s measured. This 1s shown 1n the state diagram of Figure 2 by a
second state 28. State transition arrow 26 shows the transition from the first state 22 to the
second state 28 which occurs when the 1650 Hz tone is detected. In the second state 28 a
detection counter 1s incremented for each sample for which a 1650 Hz tone 1s detected. The
detection counter 1s represented in Figure 2 as N, and the incrementation of Ng ., 1S Shown by

arrow 30. This detection counter 1s used to roughly time the duration of the 1650 Hz tone.

A 20 millisecond tone sampled at a rate of 8000 Hz, yields 160 samples.
Theretore, 1if for the duration of a 1650 Hz tone the detection counter is incremented to a number

greater than 160, then the method determines that the tone has lasted too long and the incoming
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signal does not match the expected sequence of six 1's followed by two O's. Likewise, if the tone
s lost before the detection counter is incremented to 160, then the method determines that the
duration of the tone was too short and therefore does not match the expected sequence. If the
tone is not held for the expected duration of 160 samples, then the method returns to the first
state and resumes searching for a 1650 Hz tone in the incoming signal. In fact, preferably the
detection count is only required to be within a range of 160. This range is indicated in the state
diagram by 160 - j and 160 + k where j and k are configurable integers, as explained below. The
value 160 - j represents the minimum number of detections éf the 1650 Hz required for the
method to determine that a sequence of at least six 1's has been received. If the tone is detected
more than 160 + k times, then the method determines that the 1650 Hz tone has been held too
long to correspond to a sequence of only six 1's. The state transition arrow 32 represents the
transition which occurs if the tone ends when N . is less than 160 - j or if Ng,,p 18 incremented
to a value greater than 160 + k. The values for j and k depend upon the values of the decay factor
N and the Debounce count. The larger the value of N, the longer it will take for the average
power of the prediction error EPower,, to drop below the configurable fraction of Power, when a
tone of the expected frequency begins. This delay will shorten the number of possible tone
detections during a 20 ms tone. Likewise, the Debounce count will also delay the detection of the

expected frequency. It will be appreciated by those skilled in the art that the values for | and k

may be determined by testing a range of values in order to determine which values provide the

highest levels of accuracy. The values of j and k may also be configured to establish a more
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flexible envelope of time within which the tone 1s expected to last. That is, the values of ) and k

may be set to provide a tolerance range for the duration of the tone.

While in the second state 28, if the 1650 Hz tone is lost when the detection count
is in the range of 160 - j « Ngnp ¢ 160 + k the method determines that a sequence of six 1's has
been received and the method begins to time the duration of a 1850 Hz tone. State transition
arrow 34 shows this transition from the second state 28 to a third state 36 which occurs when the
six consecutive 1's have been detected. During the transition from the second state 28 to the third
state 36, the detection counter Ng,p is reset. While in the third state 36, the method performs
the same tone recognition method as performed during the second state, except that in the third
state 36 the expected frequency 1s 1850 Hz corresponding to the sequence of 0's. During the
third state the detection counter N is incremented after each detection of the 1850 Hz

tone 37.

If the 1850 Hz tone does not have a duration of approximately 53 samples
corresponding to 6.6 ms sampled at 8000 Hz for two 0's, then the method determines that the
expected sequence of six 1's followed by two 0's has not been detected and the method reverts to
searching for a 1650 Hz tone in the incoming signal. State transition arrow 38 shows this
transition from the third state 36 back to the first state 22. The method switches from the third
state 36 to the first state 22 if the 1850 Hz tone is lost before the detection counter Nganp 1S

greater than 53 -m, or if the detection counter 1s incremented to a value greater than 53 +n
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indicating that more than two 0's have been detected. Similar considerations apply to configuring
values for m and n as discussed above with respect to j and k. It will be appreciated that where
the 0's are shared by consecutive HDLC IDLE flags the method looks for 1850 tone durations of
3.3 ms corresponding to one 0. In such a case, the method looks for tone durations with Ng e 1D
the range of 27-m to 27+n, where 27 roughly corresponds to the number of samples during a 3.3
ms period. Alternatively, the value for m may be chosen in order to accomodate tone durations in
the range of 3.3 ms to 6.6. For example a value of m=33 could be used such that tone durations
between 20 and 53+n samples are detected. For simplicity however, this remainder of the

description will generally be restricted to the case where two O's are transmitted between the six

1's in an HDLC IDLE flag.

While in the third state 36, if the 1850 Hz tone is lost when the detection counter
is within the expected range, ie. 53 - m < Ngqnp <53 +n, (0r 27 - m < Ngpp < 27 + n where the
0's are shared) then the method determines that a sequence of two 0°s (or one 0) has been
received on the incoming signal and the method switches back to the second state 28 and begins
timing the duration of a 1650 Hz tone. The state transition arrow 40 shows this transition from

the third state 36 back to the second state 28.

Every time the method switches from the second state 28 to the third state 36, or
from the third state 36 back to second state 28, a transition count is incremented. In Figure 2 the

transition count is referred to as the “flag debounce count”. When a configurable number of state
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transitions 34 or 40 have been recorded, the method confirms that the expected sequence of six
1’s and two 0’s has been detected. The more transition counts that are required before the
method confirms the detection of the expected sequence the more likely it is that only true fax
transmissions will be detected. However, the higher the number of transition counts necessary for
a positive fax detection, the longer it will take to detect and re-route the fax. Thus, those skilled
 this art will understand that the desired transition count must be determined with the competing

objectives of accuracy and response time in mind.

It will be appreciated by those skilled in the art that the tone detection method
disclosed above may be modified when used to detect a sequence of tones such that the method
searches for more than just one tone at the initial state. Instead the tone detection method could
be modified so that multiple prediction errors are calculated based on the expected frequencies of
multiple expected tones. If the average power of one of the prediction errors is low, then a tone
with a frequency corresponding to that prediction error is detected. For example, the method
could initially search for binary 1's and binary 0's by calculating and testing prediction errors based
on both 1650 Hz and 1850 Hz. This method has the disadvantage of requiring additional
calculations that may slow down the tone detection method and deprive other functions of CPU
time. These extra calculations are unnecessary in situations where the tone sequence is repeated

such that it is possible to search for one frequency betore searching for another frequency.
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The method for detecting a particular sequence of tones described above used the
tone detection method disclosed in this specification. However, it will be appreciated by those
skilled in the art that there are other methods for detecting tones which could be used with the

method for detecting a particular sequence tones disclosed herein.

It will be understood by those skilled in the art that the methods disclosed herein
may be used for the detection of various different sequences of tones. For example, the method
of the invention could be modified so that tone sequences consisting of more than two tones could
be detected. Similarly, the method could be adapted to detect more complex binary sequences
which include more than just a series of 1’s followed by a series of 0’s. For example, the method
could be adapted to detect the repeated transmission of the bit sequence 00111010. In each of
these cases, the state diagram for the detection method would show more than three states, which
was all that was required for the state diagram for the V.21 fax detection method shown in

Figure 2.

The methods of tone detection or tone sequence detection according to the
preferred embodiments of this invention may be incorporated into various devices used 1n
telecommunications systems, for instance by implementing them in software executed by a CPU
or in hardware with dedicated elements. In particular, the methods may be implemented in
telecommunication systems which carry both voice and data signals. It will be appreciated by

those skilled in the art that in such systems it is often desirable to distinguish between voice and
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data signals and process these signals in different manners. One example of a device in which the
methods of the invention may be implemented is a bandwidth manager which handles both voice
and data traffic. Referring to Figure 3, a bandwidth manager 50 implements the methods of the
invention in a tone/tone sequence detector 52. The bandwidth manager 50 connects a series of
local communication devices (for instance including a computer 54 with a modem 56, a telephone
58, and a facsimile machine or fax 60 to a network 62 via a network connection 64. The network
62 may be any form of communications network including a private switched telephone network,
the Internet or an ATM network. The network connection 64 may be any type of

telecommunications connection including a T1 or E1 telecommunications line or the like.

Signals from the telephone 58, modem 36, and fax 60 are provided to the
bandwidth manager via a common connection 66 which is connected to an A/D converter 68 in
the bandwidth manager 50. The A/D converter 68 samples the signal provided on the common
connection 66 at a sampling frequency of 8000 Hz. The samples are provided to the tone/tone
sequence detector 52 which analyzes the samples as described herein to determine whether the
signal on the common connection is a fax or modem transmission. If the tone/tone sequence
detector 52 determines that the signal is a fax or a modem transmission then the stream of samples
is provided to a fax/modem relay 70. If a fax or modem transmissions is not detected by the
tone/tone sequence detector 52 then the samples are provided to a voice relay 72. Various
operations may be performed on the samples if they are provided to the voice relay 72. For

example, the signal represented in the samples may be compressed by processing the samples
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using a compression algorithm. If the samples are provided to the fax/modem relay 70, the signal
would not be compressed in order to ensure that the fax or modem transmission does not

degrade. The fax/modem relay 70 and the voice relay 72 are preferably implemented using digital
signal processors. Both the fax/modem relay 70 and the voice relay 72 are connected to the
network connection by a network adaptation device 74. The network adaptation device 74

receives the data from the fax/modem relay 70 and the voice relay 72, processes the data into a

and provide addressing and header information. One example of a bandwidth manager in which
the method of the invention may be implemented is the 3600 MainStreet ™ Bandwidth Manager

manufactured by Newbridge Networks Corporation of Kanata, Ontario, Canada.

It will be appreciated that the bandwidth manager 50 in Figure 3 1s only one type
of device in which the invention of this disclosure may be implemented, and that other devices
incorporating the invention will be apparent to the person skilled in this art. Those skilled in the
art will also appreciate that the invention has been described herein by way of example only, and

that various modifications of detail may be made to the invention, all of which come within its

spirit and scope.
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1. A method for recognizing whether a tone having a tone frequency and a wave shape 1s 1n

a signal in a telecommunications transmission, the method comprising the steps of:

a. sampling the signal at a sampling frequency to obtain first and second consecutive
samples of the signal,;
b. obtaining a predicted value corresponding to a third consecutive sample of the

signal using the first consecutive sample, the second consecutive sample, the tone frequency, the

wave shape and the sampling frequency;

C. sampling the signal at the sampling frequency to obtain the third consecutive

sample of the signal;

d. deriving a prediction error indicative of the presence of the tone in the signal

using the third consecutive sample and the predicted value; and

c. testing the prediction error against a threshold value to determine whether the

signal contains the tone.

2. The method of claim 1, wherein the prediction error is the magnitude of the difference
between the predicted value and the third consecutive sample, the threshold value is a

predetermined value and the step of testing the prediction error against the threshold value to

TDO-RED #8283220v. 1
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determine whether the signal contains the tone comprises determining whether the prediction

error is less than the threshold value.

3. The method of claim 1, further comprising the step of determining a measure of power of
the signal, and wherein the prediction error is a measure of power of the difference between the
third consecutive sample and the predicted value, the threshold level is a predetermined fraction
of the measure of power of the signal and wherein the step of testing the prediction error against
the threshold value to determine whether the signal contains the tone comprises determining

whether the prediction error is less than the threshold value.

4. The method of claim 3, wherein the measure of power of the signal is a measure of an
average power of the signal based on a plurality of samples thereof, and the measure of power of
the difference between the third consecutive sample and the predicted value is a measure of an
average power of said difference based on a plurality of such third consecutive samples of the

signal and predicted values corresponding thereto.

5. The method of claim 4, wherein the measure of the average power of the signal is

computed using the formula:

Power,, = N Power,_; + ) N"‘ ‘ Xn |

TDO-RED #8283220 v. 1
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and the measure of the average power of the difference between the third consecutive sample and

the predicted value i1s computed using the formula:

EPower,.; + | X, — x"n |

N-1
EPower, = _""“N

1
N
wherein x,, is the third consecutive sample, x’, 1s the predicted value of the third consecutive
sample, Power, is the measure of the average power of the signal, Power,._,, 1s the measure of the
average power of the signal computed after a previous third consecutive sample, EPowery, 1s the
measure of the average power of the difference between the third consecutive sample and the
predicted value, EPower,.;, is the measure of the average power of the difference between the

third consecutive sample and the predicted value computed after the previous third consecutive

sample, N is a decay factor indicative of a the relevance of as past samples.

6. The method of claim 5, wherein the decay factor N is between 4 and 64.

7. The method of claim 6, further comprising the step of timing the duration of the tone in

order to obtain a tone duration value after determining that the signal contains the tone.

8. The method of claim 7, further comprising the steps of determining whether the tone
duration value is within a tone duration range, and thereafter, if the tone duration value 1s within

the tone duration range, detecting a second tone having a second particular tone frequency,

TDO-RED #8283220v. 1
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timing a duration of the second tone in order to obtain a second tone duration value, and

determining whether the second tone duration value is within a second tone duration range.

0. The method of claim 8, wherein the wave shape is sinusoidal.

10.  The method of claim 9, wherein the method is used to recognize a particular sequence of
tones in an FSK modulated signal comprising a first frequency for transmitting a 1 and a second

frequency for transmitting a 0.

11.  The method of claim 10, wherein the particular sequence of tones is an indicator for

indicating that a fax transmission is being transmitted in the signal.

12.  The method of claim 11, wherein the fax transmission is transmitted according to I'TU-T

Recommendation T.30 and the particular sequence of tones represents repeated transmission of

an HDLC flag comprising the bits 01111110.

13.  The method of claim 12, wherein the signal is routed around a signal compressor if the

particular sequence of tones is recognized and the signal is routed to the signal compressor if the

particular sequence of tones is not recognized.

TDO-RED #8283220 v. 1
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14. A method for recognizing a sequence transmitted in a signal, the sequence comprising a
plurality of tone intervals each having an interval frequency and an interval duration, the method

comprising the steps of

a. detecting a tone in the signal having a frequency matching the interval frequency

of a tone interval of the sequence;

b. timing the tone to obtain a timed duration;

C. detecting a subsequent tone having a frequency matching the tone frequency of a

subsequent tone interval of the sequence if the timed duration of the previous tone matches the

interval duration of the previous tone interval;

d. timing the subsequent tone in order to obtain a subsequent timed duration; and

€. repeating steps c. and d. to detect and time subsequent tones until, for every tone
interval in the sequence, a tone is detected having a frequency and a timed duration matching the

interval frequency and the interval duration of a corresponding tone interval.

15.  The method of claim 14, comprising the further step of determining that the sequence is
not transmitted in the signal if the timed duration or a subsequent timed duration does not match

the interval duration of the corresponding tone interval.

TDO-RED #8283220v. 1
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16.  The method of claim 15, wherein the sequence is an FSK modulation of a binary number,

the FSK modulation comprising a first frequency and a second frequency.

17.  The method of claim 16, further comprising the steps of processing the signal in a first
manner if the sequence is recognized and processing the signal in a second manner 1f the

sequence is not recognized.

18.  The method of claim 17, wherein the sequence is an indicator for indicating that a fax

transmission is being transmitted in the signal.

19.  The method of claim 18, wherein the first manner of processing the signal includes
routing the signal around a signal compressor and the second manner of processing the signal

includes routing the signal to a signal compressor.

20. A device for recognizing a fax transmission in a signal, the fax transmission comprising
an initiation sequence for indicating the beginning of the fax transmission, the initiation sequence

comprising a plurality of tone intervals each having an interval frequency, an interval duration

and a wave shape, the device comprising:

TDO-RED #8283220 v. 1
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a tone detector for recognizing tones in the signal having frequencies

corresponding to the interval frequencies of the tone intervals in the initiation sequence of

the fax transmission; and

a sampler for sampling the signal at a sampling frequency to generate digital

samples of the signal,

wherein consecutive samples are provided to the tone detector and the tone detector uses two
consecutive samples, the sampling frequency, the interval frequency and the wave shape to
obtain a predicted value of a third consecutive sample, wherein a prediction error indicative of
presence of a particular tone in the signal is derived using the third consecutive sample and the
predicted value and wherein the prediction error is tested against a threshold value to determine

whether the signal contains a tone having a frequency corresponding to the interval frequency.

21.  The device of claim 20, wherein the tone detector determines a measure of an average
power of the signal based on a plurality of samples thereof, and the prediction error consists of a
measure of an average power of the difference between the third consecutive sample and the
predicted value based on a plurality of such third consecutive samples of the signal and values
corresponding thereto, wherein if the prediction error is greater than a predetermined fraction of

the measure of the average power of the signal then a tone having a frequency corresponding to

the interval frequency is not recognized.

TDO-RED #8283220v. 1
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22.  The device of claim 21, wherein if the measure of the average power of the signal is less

than a predetermined threshold level then the device does not recognize a fax transmission.

23.  The device of claim 22, further comprising:

a timer for determining the duration of selected tones of the signal; and

a router for routing the signal to a first destination if a series of tones with
frequencies and durations corresponding to the interval frequencies and interval durations

of every tone interval in the initiation sequence 1s detected.

24.  The device of claim 23, wherein the first destination is a relay.

25.  The device of claim 24, wherein the fax transmission is transmitted according to ITU-T

Recommendation T.30 and the initiation sequence comprises a first frequency for indicating a 1

and a second frequency for indicating a 0.

26. A device for recognizing a modem transmission in a signal, the modem transmission

comprising an initiation tone for indicating the beginning of the modem transmission, the

initiation tone having an initiation frequency and a wave shape, the device comprising

TDO-RED #8283220v. 1
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a sampler for sampling the signal at a sampling frequency to generate digital

samples of the signal; and

a tone detector for recognizing a tone in the signal having a frequency matching

the initiation frequency;

wherein consecutive samples are provided to the tone detector and the tone detector uses two
consecutive samples, the sampling frequency, the initiation frequency and the wave shape to
obtain a predicted value of a third consecutive sample, and wherein a prediction error indicative
of the presence of the initiation tone in the signal is derived using the third consecutive sample
and the predicted value, and wherein the prediction error is tested against a threshold value to

determine whether the signal contains a tone having a frequency corresponding to the initiation

frequency.

27.  The device of claim 26, wherein the tone detector determines a measure of an average
power of the signal based on a plurality of samples thereof, and the prediction error consists of a
measure of an average power of the difference between the third consecutive sample and the
predicted value based on a plurality of such third consecutive samples of the signal and predicted
values corresponding thereto, wherein if the prediction error is greater than a predetermined

fraction of the measure of the average power of the signal then a tone having a frequency

matching the initiation frequency is not recognized.

TDO-RED #8283220 v. 1
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28. The device of claim 27, wherein if the measure of the average power of the signal is less

than a predetermined threshold level then the device does not recognize a modem transmission.

29.  The device of claim 28, further comprising a router for routing the signal to a first

destination if a tone with a frequency corresponding to the initiation frequency is detected.

30. The device of claim 29 wherein the modem transmission is transmitted according to

ITU-T Recommendation V.25.

TDO-RED #8283220 v. 1
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