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0) Is compact ana

P (30) processing

time Is significantly reduced. The device (10) obtains a real-time estimate of likely user perception of a given connection in terms
of a user perception rating system (514). The device (10) Is reprogrammable, enabling it to be updated as more accurate

mapping data Is obtained.
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(57) Abstract: A device (10) is disclosed that uses an continuous analytical function (514) representing mapping data relating ob-

ject voice connection measurements to likely user perception of the quality of a voice connection. The device (10) is compact and

inexpensive. It can be implemented on a single integrated circuit (18), or on a single printed circuit board. CPU (30) processing time
is significantly reduced. The device (10) obtains a real-time estimate of likely user perception of a given connection in terms of a
user perception rating system (514). The device (10) is reprogrammable, enabling it to be updated as more accurate mapping data

1s obtained.
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A METHOD AND APPARATUS FOR ESTIMATING QUALITY IN A
TELEPHONIC VOICE CONNECTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to telecommunications, and particularly

to a method and system for evaluating the quality of voice signals.

2. Technical Background

Telephone connections have always been subject to impairments in the form of
noise, attenuation, distortion, cross-talk and echo. Such impairments are particularly
common to analog portidns of the network, such as subscriber loops and frequency
domain ﬁultiplexing equipment. Digital transmission alleviates any of these problems
but also introduces quantization noise and distortions due to bit errors in the digital
signal. However, even with perfect digital transmission applied to long haul |
transmissions, a typical telephone connection includes many analog corﬁponents,
wherein impairments can occur.

A poor connection or malfunctioning piece of equipment can produce

conditions that a telephone customer will find objectionable or intolerable. When there
is a high incidence of poor connections, customers may complain to the service:

provider or to a regulatory authority, or simply change long distance carriers. Thus,
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5 perceived quality of telephone connections is a major factor affecting the reputation
and marketability of long distance telephone services.

To guard against poor quality, service providers have developed methods to
obtain objective quality measurements upon a line, piece of equipment, or an end-to-
end telephone connection. These measurements can help the service provider detect

10 and gauge impairments, pinpoint weak elements, and correct deficiencies that degrade
user perceptién of quality. The effects of extreme fault conditions on user perception of

quality is clear. There are eastly discernable thresholds for “no effect” and “substantial

degradation” conditions. Unfortunately, for intermediate objective quality
measurements, there is no clear division between values representing acceptable and
15  unacceptable voice connection quality.

In oﬁe approach that was discussed in the parent application, mappings were
created between obj ective measurements and user perceived quality ratings. A set of
objective characteristics for a telephonic connection were obtained. Test signals were
produced by varying each element in the set of objective characteristics, and by varying

20 various combinations of the objective characteristics. Each test signal was subjectively
rated by a large group of evaluators using a “no impairment,” “some impairment,” or
“much impairment” rating system. These data mappings were synthesized by
constructing a look-up table. The quality of a telephonic connection can be assessed
using this mapping system. When a set of objective measurements for a telephonic

25  connection are obtained, the look-up tables can be used to provide a network analyst
with ah estimafe of the perceived quality level for the connection. This mapping
system is a powerful tool for analyzing reported impairments, or for testing new
network plant or equipment before deployment.

However, there are several shortcomings associated with the approaches

30  described above. Although look-up tables can be used to store'the mapping data, it
would be difﬁcult to use them to provide a device capable of real time processing to
produce measurements. The use of a look-up table that contains all of the mappiﬁgs
would substantially increase memory requirements and necessitate a prohibitive amount
of processing. The CPU in such a device would be required to perform a large number

35 of oberations. Because the contents of the look-up table are discrete mappings, the

accuracy of a real time estimate may be poor.
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Thus, what is needed is a device that uses an analytical representation of the
mapping tables. In other words, the mapping data in the data tablés would be modeled
as a continuous analytical transform. This would significantly reduce costs, and the
size of a resultant voice quality estimation device. By using a continuous mathematical
function, CPU processing time would be significantly reduced, allowing the device to
obtain a real-time estimate of likely user perception of a given connection in terms of
the'user perception rating system described above. Finally, a reprogrammable device 1s

needed that can be updated as more accurate mapping data is obtained.

SUMMARY OF THE INVENTION

The present invention includes a device that uses an continuous analytical
function representing the above described mapping tables. The device is compact and
inexpensive. It can be implemented on a single integrated circuit, or on a single printed
ciréuit board. CPU processing time 15 si gnificantly reduced. The device obtains a real-
time estimate of likely user perception of a given connection in terms of the user
perception rating system described above. Finally, the device and system processes are
readily reprogrammable by specification of configuration parameters, enabling it to be
updated as more accurate mapping data is obtained.

One aspect of the present invention is a device for evaluating quality mn a
telephonic voice connection in a telecommunications netwdrk. The device-includes a
measurement circuit operative to measure at least one characteristic of the telephonic
voice connection. A processor is coupled to the measurement circuit, the processor
being operative to calculate a solution to at least one empirically derived mathematical
function by using the at least one measured characteristic as an independent‘variable in
the at least one empirically derived mathematical function, whereby the solution is an
estimate of likely user perception of the quality of the telephonic voice connection.

In another aspect, the present invention includes a method for evaluating quality
in a telephonic voice connection in a telecommunications network. The method

includes establishing a telephonic voice connection. At least one characteristic of the

3
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5 telephonic voice connection is measured. A solution to at least one empirically

denived mathematical function 1s calculated by using the at least one measured
characteristic as an independent variable in the at least one empirically dertved
mathematical function, whereby the solution is an estimate of likely user perception of
the quality of the telephonic voice connection.

In another aspect, the present invention includes a programmable device for
evaluating quality in a telephonic voice connection in a telecommunications network.
The devi‘ce includes a memory operative to étofe at least one empirically derived
mathematical function having at least one independent variable. A processor is coupled
to the meméry, the processor being operative to calculate a solution to the at least one
empirically derived mathematical function by using at least one measured characteristic
as the independent variable, whereby the solution is an estimate of likely user
perception of the quality of the telephonic voice connection. An interface control
circuit is coupled to the memory, the interface control circuit being adapted to receive a
revised at least one empirically derived mathematical function from an external device,
and store the revised at least one empirically derived mathematical function in the
memory.

In another aspect, the present invention includes a method for fabricating a
device for evaluating quality in a telephonic voice coﬁneotion in a telecommunications
network. The method includes empirically acquiring user perception data by having at
least one test subject listen to a plurality of test messages, and rate the quality of each
test message in accordance with at least one user perceived impairment characteristic.
The user perception data is modeled as at least one matﬁematiéal function, the at least
one mathematical function being graphically represented by a two dimensional curve
having a shape, the shape of the curve being determined by a set of constants employed
in the at least one mathematical fuﬁctign. Values are chosen for the set of constants to
thereby fit the two-dimensional curve to the user pert;,eption data to thereby generate at
least one empiricélly derived mathematical function. The at least one empirically
derived mathematical function is cbnverted into a set of computér executable
instructions. The device 1s programmed with the set of computer executable
instructions.

In another aspect, the present invention includes a computer readable medium

having computer executable instructions for performing a method. The method
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5  includes establishing a telephonic voice connection. At least one characteristic of the
telephonic voice éonnection 1s measured. A solution is calculated for the at least one
empirically derived mathematical function by using at least one measured characteristic
as an independent variable of the at least oné empirically derived mathematical
function.

10 Additional features and advantages of the invention will be set forth in the
detailed description which follows, and in part will be readily apparent to those skilled
in the art from that description or recognized by practicing the invention as described
herein; including the detailed description which follows, the claims, as well as the
appended drawings.

15 It is to be understood that both the foregoing general description and the
following detailed description are merely exemplary of the invention, and are intended
to provide an overview or framework for understanding the nature and character of the
invention as it is claimed. Tile accompanying drawings are included to provide a
further understanding of the invention, and are incorporated in and constitute a part of

20 this speciﬁéation. The drawi_ngs illustrate various embodiments of the invention, and
together with the description serve to explain the principles and operation of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS
25 Figure 1 is a diagrammatic depiction of the voice quality estimation device in
accordance with the present invention;
Figure 2 is an exémple of the voice quality estimation device being used in a
Telephonic Quality Measurement System (TQMS); :
Figure 3.“\is an example of the voice quality estimation device being used as
30  OEM equipment at a customer’s premises;
Figure 4 is an example of the voice quality estimation device being used in a
central office environment;
Figure 5 is a flow chart showing a method for making the voice quality

estimation device of the present invention; and

S
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Figure 6 is a plot of the empirically derived mathematical functions.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference will now be made in detail to the present preferred embodiments of
the invention, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be used throughout the drawings
to refer to the same or like parts. An exemplary embodiment of the device for
estimating telephonic voice connection impairments of the present invention is shown
in Figure 1, and is designated generally throughout by reference numeral 10.

In accordance with the invention, the present invention for a device for estimating user
perception of the quality of a telephonic voice connection includes a processor coupled
to a measurement circuit. The processor is operative to calculate a solution to at least
one empirically derived mathematical function by using at least one measured
characteristic as an independent variable in the at least one empirically derived
mathematical function. The solution is an estimate of likely user perception of the
quality of the telephonic voice connection. The at least one empirically derived
mathematical function is an analytical representation of the above described mapping
data. As a result, the device 1s compact and inexpensive. It can be implemented on a
single integrated circuit, or as a single printed circuit board. CPU processing time is
significantly reduced. The device obtains a real-time estimate of likely user peréeption
of a given connection in terms of the user ﬁerception rating system describeci above.
Finally, the device is reprogrammable by specifying new parameters, enabling it to be
updated as more accurate mapping data is obtained.. These parameters are the
coefficients that define the mathematical function.ﬂ In another embodirﬁent, the
coefficients are changed using on-board processing by including a processing routine
that operates on another set of parameters in volatile memory to produce'the
coefficients.

As embodied herein, and depicted in Figure 1, a diagrammatic depiction of
device 10 for estimating user peréeption of the quality of a telephonic voice connection
in accordance with the present invention is disclosed. Device 10 includes telephone
line interface 12 which connects device 10 to a telephone line in the network. In one

embodiment, interface 12 is adapted to interface with network by means of an RJ-11
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telephone jack. Interface 12 is coupled to relay 14. Relay 14 is a conventional relay
that distributes signals received from interface 12 to DTMF 16, PCM codec 18, call
progress detector 20, and voice detector 22. Each of the above listed components are
internally coupled by system bus 24. Device 10 é.lso may include programmable
counter/timer Circuit 26. System bus 24 is also coupled to computer interface circuit
28, processor 30, and memory controller 36. Memory controller 36 1s coupled to
memory 34, which is used to store computer executable instructions.

Telephone line interface 12 may be of any suitable type, but by way of example,
interface 12 includes an integrated circuit such as a Motorola MC34010P coupled to
isolation transformers to prevent any grounding problems. Signals from the network
are translated by interface 12 into signals having a correct format and amplitude.
Interface 12 may algo include a buffer anipliﬁer and an adjustable potentiometer to

provide optimal signal levels.

DTMEF (dual tone multi-frequency) transceiver 16 is operative to generate and
detect audible tones associated with a telephone network. DTMF 16 1s also adapted to
generate DTMF dialing tones to initiate a call through the telephone line coupled to
interface :12. DTMF 16 detects DTMF tones received from the telephone line via
interface 12.

PCM codec transceiver 18 uses a Standard digitization scheme to band limit

voice frequencies to the 300 - 3300Hz frequency baﬁd. Codec 18 performs an A/D

conversion of an analog voice message using a pi-law companding scheme. When
sampling the analog waveform, larger amplitudes are compressed relative to the smaller
amplitudes, providing an equivalent 12-bit a"ccuracy within an 8-bit digital word. The
8-bit words generated by codec 18 can be stored in a RAM portion of memory 34 or in
a memory resident in processor 30. In one embodiment, codec 18 includes a
semiconductor IC manufactured by SGS Thompson or by the National Semiconductor
Company having the product number ETC5056, or equivalent.

Call Progress Detector 20 is operative to continuously monitor call progress
information being fed to device 10. Detector 20 is tuned to a particular frequency band

(e.g., 300-630Hz) where most of the fundamental energies of the call progress

7
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information reside. The duration of incoming signals such as dial tone, ring back,
busy, or fast busy are recorded. Detector 20 monitors the frequency band of interest
and looks for the duration of on and off times, and classifies the examined signal as one

of the above noted tones.

Voice detect circuit 22 is fabricated using standard operation amplifier circuits
to detect signals in the band between 750Hz and 4KHz. When a voice waveform 1s
detected, the output within this frequency band is amplified and translated into a digital
signal by codec 18. Voice detection may also trigger a response such that a test
message is retrieved from memory 34 aﬁd converted into an analog signal by codec 18
for transiniséion over the telephone connection.

In yet another eombodiment, the output of a detector showing power/no power on
a number of different filters to accomplish the functions described for call progress
controller and voice detection circuit 22. Reference is made to U.S. Patent No.
5,241,584, which 1s inco@orated herein by reference as though fully set forth in its
entirety, for a more detailed explanation of this component. |

Programmable counter/timer 26 may be of any suitable type providing timing
signals of various frequencies as required by the components in device 10. A timing
crystal 1s coupled to programmable counter/timer 26. All of the frequencies generated
by counter/timer 26 are synchronous with the base frequency generated by the timing
crystal. Programmable counter/timer 26 generates the system clock signal provided by
bus 24 and used by procéssor 30.

Memofy 34 may be of any suitable type, but by way of example includes a
read/write random access memory (RAM) used in data processing and data I/O, and an
erasable read only memory for storing device 10 programming instructions used by
processor 30 and co-processor 32. The memory used to store the programming
instructions can be implemented using a DRAM, PROM, EEPROM, hard dnve,
compact disk, or any computer readable medium. Memory controller 36 controls the

requests from the various components in device 10 on bus 24.

Computer interface 28 is adapted to communicate with external device 100.
The programming instructions stored in memory 34 can be completely replaced or
partially replaced with new instructions down loaded from ektemal device 100. As
more research is performed, the empirical data used to formulate the instructions stored

in memory 34 may become outdated. If so, device 10 can be returned to a central
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location and reprogrammed with instructions representing the latest empirical data. In
another embodiment, the device can be reprogrammed by simply entering new data via
a keybéard (not shown). In this‘embodiment, the empirical mapping data takes the
form of constants used to shape a cumulative probability distribution function. In order
to reprogram device 10, an operator in the field need only input a new set of constants.
The nature of the cumulative probability distribution function will be discussed m more
deta1l below.

~ Inone embodiment processor 30 is implemented using an 8-bit semiconductor
chip such as the 80486 IC manufactured by Intel. This is more than adequate since the
calculations performed by processor 30 do not require much processing power. Thus,
the present invention can be implemented using the lowest cost components on the
market. However, one of ordinary skill in thé art will recognize that 16-bit, or even 32-
bit machines can be used to implement processor 30, depending on speed, cost and
other désign considerations. Those of ordinary skill in the art will also recognize that
processor 30 can be implemented using an application specific integrated circuit
(ASIC). In another embodiment processor 30 is implemented using a 4-bit processor.
In this alternative embodiment, processor 30 merely controls and effects the recording
of the received signal so less processing power is required; The recording is
transmitted to external host processor 100. One benefit of this approach is that the data
interpretation software can be easily changed. In the first embodiment discussed above,
the firmware resident in memory 34 has to be changed, unless the processing routine
for recalculating the coefficients is included.

As embodied herein and depicted in Figure 2, an example of device 10 being
used in Telephone Quality Measurement Sy;stem (TQMS) environment 200 is
disclosed. In this embodiment, device 10 is implemented as a circuit board connected
to motherboard 204 within TQMS personal computer platform 202. Device 10 is
coupled to network 206 enabling récordinés of signals received over the network to be
passed to TQMS platform 204. Network 206 may be a circuit switched network, a
packet switched network, or a hybrid that includes both. Network 206 is coupled to

customer 208. In this example, customer 208 may be a customer who has filed a

9
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3

complaint, or a new customer. Referring back to Figure 1, processor 30 directs
interface 12 and DTMF 16 to establish a voice connection with customer 208.
Subsequently, a recorded message stored in memory 34 is converted into an analog
signal by codec 18. The message directs-the customer to respond in various ways to
message prompts to thereby obtain a voice sample and a quiet channel sample. From
the voice sarﬁple and the quiet channel sample, device 10 can obtain measurements of
ob] ective characteristics such as C-message noise, magnitude of average power of
speech, magnitude of avérage power of a quiet channel, echo path delay, echo path loss,
a speech distortion indicator, and a dropped frame rate in a packet switched network.
Processor 30 uses the objecti‘vé measturement as the independent variable of the
empirically derived mathematical functions stored in memory 34 to célculate solutions
to the empirically derived mathematical functions. Device 10 provides TOMS 202 with
likely user perception data including an estimate of the percentage of users that would
deem the voice connection to have no impairment, some i'mpairment,hand much
impairment. " In one embodiment, device 10 performs all of the processing, and merely
transmits the results to external device 100. This embodiment is enabled by the
processing efficiencies realized by the method of the present invention. The look-up
process is reduced to retrieving the few parameters used in evaluating the mathematical
functions. The current model is changed by writing replacement parameters into
memory 34. In an alternate embodiment, PC motherboard 204, and the resident
merﬁory thereon, ére the destination of the recordings captured by device 10. Thus, in
the alternate embodiment, PC 204 represents external device 100 depicted in Figure 1.
As embodied herein and depicted in Figure 3, an example of device 10 being
used as an OEM equipment in customer premises environment 300 is disclosed. In this
example OEM device 10 is plugged into RJ-11 jack at the customer’s premises to
provide a physical connection to network 302. Network 302 is connected to a plurality

of network customers LOC#1, LOC#2, thrdugh LOC#N. In this scenario, the customer

may have acceptable service when calling some telephone numbers, and unacceptable
service when calling others. OEM device 10 can be programmed to éall these
telephone numbers, or any suitei of numbers for that matter. OEM device 10 operates as
descﬁbed above to obtain the user perception data for each connection, allowing

analysts to pin-point that portion of network 302 that is malfunctioning.

10



CA 02435667 2003-07-22
WO 02/063858 PCT/US02/03820

5 As embodied herein and depicted in Figure 4, an example of device 10 being
used in central office environment 400 is disclosed. In this example, device 10 is
implemented as single IC (a microprocessor or an ASIC) that is disposed on a circuit
board within central office switch 402. Alternatively, device 10 1s implemented as a
printed circuit board coupled to switch 402. Switch 402 is coupled to the central office

10 district network 404, and/or a long haul network 406. This application is a powerful
one beﬂcause it allows central office switch 402 to obtain an estimate of user perception
of the quality of any voice connection made by switch 402. Device 10 provides switch
402 with the perc;entage of users that would likely characterize the connection as having
no impairment, some impairment, and much impairment with respect to at least one

15 1mpairment measured by an objective assignment of values. The sum of the
percentages must-equal 100%. For example, a connection under test may be
characterized as: 10% of users likely to find no impairment; 85% of users likely to find
some 1mpairment; and 5% of users likely to find much impairment. Device 10 can be
used to test new plant, or an existing portion of a network.

20 As embodied herein and depicted in Figure 5, a flow chart showing a method
for making a Vdice quality estimation device 10 is disclosed. Reference is made to
parent U.S. Patent Application No. 09/220, 733 which is incorporated herein by
reference as though fully set forth in its entirety, for a more detailed explanation of
steps 502 — 512.

25 In step 502, user perceived characteristics are selected to broadly characterize
the variety of voice impairments that might be manifested in a telephonic volce
connection. Test subjects are instructed to rate a voice connection as having “no
impairment” if the test subject cannot detect the presence of an impairment. A test
subject 1s instructed to rate a voice connection as having “much impairment” if an

30  impairment is present and noticeable. A test subject is instructed to rate a voice
connection as having “some impairment” if the degree of impairment is somewhere in
between.

The subjective user perceived characteristics must be tied to objective

characteristics. In step 504, objective quality characteristics of a voice connection are

11
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selected. Objective quality characteristics are voice connection characteristics that
can be measured. They include: C-message noise, magnitude of average power of
speech, magnitude of average power of a quiet channél, echo path delay, echo path loss,
a speech distortion indicator, and a drbpped frame rate in a packet switched network.

In step 506, a plurality of test messages are generated. Each test message has a
different combination of C-message noise, average power of speech, average power of
quiet channel, echo path delay, echo path loss, distortion, or dropped frames(in a packet
switched environment).

In step 508, subjective test subj ects are used to evaluate the each message. Each

evaluator will listen to the series of test messages, which may be received in calls

37 ¢

placed over a network in use, and rate each one in accordance with the “none,” “some,”

or “much” standard. In step 510, the user perception data generated in step 508 1s
collected, and quantified in step 512 to thereby produce data tables summarizing the
percentages of user reports of none, some, and much impairment for each interval of the

objectively measured voice connection characteristics.

In step 514, the mapping data is modeled as a continuous analytical transform.
P, 1s defined as the likely percentage of users that would characterize a given voice
connection as having much impairment. P_ is defined as the likely percentage of users
that would characterize a given voice connection as having no impairment. P, is defined
as the likely percentage of users that would characterize a given voice connection as
having some impairment. ;

P 1s modeled as a smooth cumulative probability distribution function which
takes on the value zero (0) for the best measured results and asymptotically increases to
one (1) as the measured results become worse. The smooth éumulative probability
distribution function takes the form of an “s” curve which is expressed by the

mathematical function:

P_=1—exp[-a(x-c)’] | (1)

P, 1s modeled as a smooth cumulative probability distribution, function which

takes on the value one (1) for the best measured results and asymptotically decreases to

zero (0) as the measured results become worse. The smooth cumulative probability

distribution function takes the form of an inverse “s” curve which is expressed by the

mathematical function:
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P, = exp[-d(x-c)’}. - (2)

Ps' is a Normal distribution that achieves its maximum value somewhere
between the extreme points set for the curves describing P, and P,.. As a result of
equations (1) and (2),

P.=1-(P,+P,), (3)

P, = exp [-a(x-c)"] - exp [-d(x-c)°]. (4)

Figure 6 is a plot of the curves for equations P, P, and P,. Reference 602 is a plot of
equation (1). Reference 604 is a plot of equation (2). Reference number 606 is a plot
of equation (3).

Referring to step 516 in Figure 5, equations (1), (2), and (4) are fit to the
empirical data in the data tables by using analytical and heuristic data fitting routines.
These routines produce _tile desired continuous representation of the transition from P, =
| to P, =1 as the objective measured characteristic changes from very good to very
bad. Data fitting routines Such as those used in step 516 are well known to those of
ordinary skill in the art. Essentially, a, b, and c in equations (1) and (4), and ¢, d, and e
in equations (2) and (4), are constants that control the shape of curves 602, 604, and
606, in Figure 6. These constants are programmed into device before use. The data
fitting routines discussed above choose constants a, b, d, and e to thereby obtain
empirically derived mathematical functions for P, P_, and P,. The constant “c” 1s a
value for the objective measurement for which one would expect that there should be
no cbmplaint of impairment. For example, if the objective measure is C-message noise,
setting x =c= 5dBrmc, would result in a percentage of users deeming the connection to
have no ifnpairment at close to 100%. Thus, x is the independent variable. The

measured objective characteristic 1s plugged into equations (1), (2), and (4) to calculate

the estimates of user percentages for the none, some, and much categories.
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5 In another embodiment, step 516 is implemented on-chip by including a
processing routine. The processing routine uses empirical data written into volatile
memory to calculate coefficients a-e.

In steps 518 and 520, the empirically derived mathematical functions for P, P,
and P, are converied into computer executable instructions and loaded into the device.

10 The term “computer executable instructions” should be construed to include
programming instructions for a microprocessor or some other computing device, a
programmable logic array, or configuring the circuitry of an ASIC. The step of loading
should be construed to cover writing instructions to any memory device, such as a
DRAM, ROM, PROM, EEPROM, a hard drive, or some other information bearing

15  device. It should also be construed to cover configuring the gate arrays or other
structures in a programmable logic device.

One of ordinary skill in the art will recognize that steps 502 to 512 are
preliminary steps. The compactly defined function obtained in step 514 represents the
data obtained in steps 502 to 512.

20 It will be apparent to those skilled in the art that various modifications and
variations can be made to the present invention without departing from the spirit and
scope of the invention. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they come within the scope of

the appended claims and their equivalents.
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What is claimed is:

1. A device for evaluating quality in a telephonic voice connection in a

telecommunications network, the device comprising;

a measurement circuit operative to measure at least one chafacten’stic of the
telephonic voice connection; and

a processor coupled to the measurement circuit, the processor being operative to
calculate a solution to at least one empirically derived mathematical
function by using the at least one measured characteristic as an
independent variable in the at least one empirically derived

mathematical function, whereby the solution is an estimate of likely user

perception of the quality of the telepﬁonic voice connection.

2. The device of claim 1, wherein the at least one empirically derived mathematical

function is a cumulative probability distribution function.

3. The device of claim 1, wherein the at least one empirically derived mathematical ~
function includes a first function (Pn) representing a proportion of users that will
perceive the telephonic voice connection as having no impairment, a second function
(Ps) representing a proportion of users that will percerve the telephonic voice
connection as having some impairment, and a third function (P,,) representing a
proportion of users that will perceive the telephonic voice connection as having much

mpairment, where P+ P+ P, = 1.

4. The device of claim 3, wherein the first function includes the equation

N = exp [-a(x-c)"].

5. The device of claim 4, wherein a and b are empirically derived constants, and ¢
represents a noise level that substantially all users would perceive as being

unacceptable.

6. The device of claim 3, wherein the third function includes the equation

Py=1-exp [-d(x-¢).
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7. The device of claim 6, wherein d and e are empirically derived constants, and c

represents a noise level that substantially all users would perceive as being

unacceptable,

8. The device of claim 3, wherein the second function is characterized by the equation

Pg = exp [-a(x-c)"] - exp [-d(x-¢) ].

9. The device of claim 8, wherein a, b, d and e.are empirically derived constants, and ¢

represents a noise level that substantially all users would perceive as being

unacceptable.

10. The device of claim 1, wherein the at least one characteristic is selected from the
group consisting of C-message noise, magnitude of average power of speech,
magnitude of average power of a quiet channel, echo path delay, echo path loss, a

speech distortion indicator, and a dropped frame rate in a packet switched network.
L1. The device of claim 1, wherein the network is a packet switched network
12. The device of claim 1, wherein the network is a circuit switched netivork.

13. The device of claim 1, further comprising a network interface coupled to the
measurement circuit, the network interface being operative to establish the telephonic

voice connection between the device and the network.

14. The device of claim 1, further comprising:
4 memory operative to store at {east one empirically derived mathematical
function having at least one independent variable; and
an interface control circuit coupled to the memory, the interface control circuit
being adapted to receive a revised at least one empirically derived
mathematical function from an.external device, and store the revised at

least one empirically derived mathematical function in the memory.
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15. A circuit switched telecommunications network comprising the device of claim 1.
16. A packet switched telecommunications network comprising the device of claim 1.
17. A telecommunications switching device comprising the device of claim 1.

18. A method for evaluating quality in a telephonic voice connection in a

telecommunications network, the method comprising:
establishing a telephonic voice connection;
measuring at least one characteristic of the telephonic voice connection; and
calculating a solution to at least one empirically derived mathematical function
by using the at least one measured characteristic as an independent
variable in the at least one empirically derived mathematical function,
whereby.the solution is an estimate of likely user perception of the

quality of the telephonic voice connection.

19. The method of claim 18, wherein the at least one empirically derived mathematical
function further comprises:
a first function (P,) representing a proportion of users that will perceive the
telephonic voice connection as having no impairment;
a second function (Py) representing a proportion of users that will perceive the
telephonic voice connection as having some impairment; and
a third function (P,,) representing a proportion of users that will perceive the

telephonic voice connection as having much impairment, wherein Py +

P +P, = 1.

20. The method of claim 18, wherein the at least one empirically derived mathematical
function includes the equation:

Py = exp [-a(x-c)"],
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wherein Py, represents a proportion of users that will perceive the telephonic voice
connection as having no impairment, a and b are empirically derived constants, and ¢

represents a noise level that substantially all users would perceive as being

unacceptable.

21. The method of claim 18, wherein the at least one empirically derived mathematical
function includes the equation:

Py =1 -exp [-d(x-¢)°],
wherein P,, represents a proportion of users that will perceive the telephonic voice
connection as having much impairment, d and e are empirically derived constants, and
C represents a noise level that substantially all users would perceive as being

unacceptable.

22. The method of claim 18, wherein the at least one empirically derived mathematical
function includes the equation:

s = exp [-a(x-c)"] - exp [-d(x-c)],
wherein P represents a proportion of users that will pérceive the telephonic voice
connection as having some impairment, a, b, d and e are empirically derived constants,
and c represents a noise level that substantially all users would perceive as being

unacceptable.

23. The method of claim 18, further comprising the step of providing a device for
evaluating quality in a telephonic voice connection in a telecommunications network,
the device includes a processor that is operative to calculate the solution to the at least
one empirically derived mathematical function by using the at least one characteristic as

an independent variable in the at least one empirically derived mathematical function.

24. The method of claim 23, further comprising the step of using the device to evaluate

a portion of the telecommunications network.

25. The method of claim 24, wherein the portion of the telecommunications network is

In service.
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26. The device of claim 18, wherein the at least one characteristic is selected from the
group consisting of C-message noise, magnitude of average power of speech,
magnitude of average power ofa quiet channel, echo path delay, echo path loss, a

speech distortion indicator, and a dropped frame rate in a packet switched network.
27. The device of claim 18, wherein the network is a packet switched network
28. The device of claim 18, wherein the network is a circuit switched network.

29. A programmable device for evaluating quality in a telephonic voice connection in a

telecommunications network, the device comprising:

a memory operative to store at least one empirically derived mathematical
function having at least one independent variable;

a processor coupled to the memory, the processor being operative to calculate a
solution to the at least one empirically derived mathematical function by
using at least one measured characteristic as the independent variable,
whereby the solution is an estimate of likely user perception of the
quality of the telephonic voice connection; and

an interface control circuit coupled to the memoi"y, the interface control circut
being adapted to receive a revised at least one empirically derived
mathematical function from an external device, and store the revised at

least one empirically derived mathematical function in the memory.

30. The programmable device of claim 29, further comprising:
a network interface, the network interface being operative to establish the
telephonic voice connection between the device and the network; and
a measurement circuit coupléd to the network interface, the measurement circuit

being operative to measure the at least one measured characteristic of the

telephonic voice connection.
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31. The programmable device of claim 25, wherein the at least one empirically
derived mathematical function includes the equation:
P, = exp [-a(x-c)"],
wherein Py répresents a proportion of users that will perceive the telephonic voice
connection as having no impairment, a and b are empirically derived constants, and ¢

represents a noise level that substantially all users woul'q perceive as being

unacceptable.

32. The programmable device of claim 29, wherein the at least one empirically derived
mathematical function includes the equation:
Py =1 - exp [-d(x-0)],
wherein P,, represents a proportion of users that will perceive the telephonic voice
: connection as having much impairment, d and e are emphjically derived constants, and
¢ represents a noise level that substantially all users would perceive as being

unacceptable.

33. The programmable device of claim 29, wherein the at least one empirically derived
mathematical function includes the equation:

P, = exp [-a(x-¢)"] - exp [-d(x-¢)’],
wherein P represents a proportion of users that will perceive the telephonic voice
connection as having some impairment, &, b, d and e are empirically derived constants,

and ¢ represents a noise level that substantially all users would perceive as being

unacceptable.

34. The device of claim 29, wherein the at least one characteristic is selected from the
group consisting of C-message noise, magnitude of average power of speech,
magnitude of average power of a quiet channel, echo path delay, echo path loss, a
speech distortion indicator, and a dropped frame rate in a packet switched network.

35. The device of claim 29, wherein the network is a packet switched network

36. The device of claim 29, wherein the network is a circuit switched network.
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37. A method for fabricating a device for evaluating quality in a telephonic voice
connection in a telecommunications network, the method comprising:
empirically acquiring user perception data by having at least one test subject
listen to a plurality of test messages, and rate the quality of each test
message in accordance with at least one user perceived impairment
characteristic;
modeling the user perception data as at least one mathematical function., the at
least one mathematical function being graphically represented by a two
dimensional curve having a shape, the shape of the curve being
determined by a set of constants employed in the at least one
mathematical function;
choosing values for the set of constants to thereby fit the two-dimensional curve
’.c.o the user perception data to thereby generate at least one empirically

derived mathematical function;

converting the at least one empirically derived mathematical function into a set

of computer executable instructions; and

programming the device with the set of computer executable instructions.

38. The method of claim 37, wherein the step of empirically acquiring user perception
data further comprises the steps of:
| selecting a plurality of user perceived impairment characteristics;
selecting a plurality of quality characteristics of the voice signal, each of the
quality characteristics affecting the quality of the voice signal as
perceived and described by users;
generating a plurality of voice messages by varying selected ones of the
plurality of quality characteristics;

acquiring user perception data by having the at least one test subject listen to the

plurality of voice messages, the at least one test subject rating the quality
of the plurality of voice messages in accordance with the plurality of

user percelved impairment characteristics; and
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transforming the each of the plurality of user perceived impairment characteristics 1nto

quantifications of each of the plurality of objective characteristics.

39. The method of claim 38, wherein the plurality of objective characteristics are
selected from the group consisting of C-message noise, magnitude of average power of
speech, magnitude of average power of a quiet channel, echo path delay, echo path loss,

a speech distortion indicator, and a dropped frame rate in a packet switched network.

40. The method of claim 38, wherein the plurality of user perceived impairment

characteristics includes volume level, noise level, speech distortion, and echo.

41. The method of claim 40, wherein the plurality of user perceived impairment
characteristics are transformed into estimates, each estimate being a proportion of a

population of users that would describe the telephonic voice connection as having no

impairment, some impairment, or much impairment.

42. The method of claim 38, wherein the at least one empirically derived mathematical
function includes a first function (P,) representing a proportion of users that will
perceive the telephonic vo-ice connection as having no impairment, a second function
(P.) representing a proportion of users that will perceive the telephonic voice
connection as having some impairment, and a third function (P,,) representing a
proportion of users that will perceive the telephonic voice connection as having much

impairment, where P+ Py + Py, = 1.

A3. The method of claim 42, wherein the first function is characterized by the

equation, P, = exp [-a(x-c)°].

44. The method of claim 43, wherein a and b are empirically derived constants, and ¢

represents a noise level that substaﬁtially all users would perceive as being

unacceptable.

45. The method of claim 42, wherein the third function is characterized by the equation,

Py =1 - exp [-d(x-¢c)°].
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46. The method of claim 42, wherein d and e are empirically derived constants, and ¢
represents a noise level that substantially all users would perceive as being

unacceptable.

47. The method of claim 42, wherein the second function is characterized by the

equation, P = exp [-a(x-¢c)"] - exp [-d(x-¢c)‘].

48. The method of claim 47, wherein a, b, d and e are empirically derived constants,
and ¢ represents a noise level that substantially all users would perceive as being

unacceptable.

49. A computer readable medium having computer executable instructions for
performing a method, the method comprising:
establishing a telephonic voice connection;
measuring at least one characteristic of the telephonic voice connection; and
calculating a solution to at least one empirically derived mathematical function
by using at least one measured characteristic as an independent variable

of the at least one empirically derived mathematical function.

50. The method of claim 49, wherein the solution is an estimate of likely user

perception of the quality of the telephonic voice connection.

J1. The method of claim 49, wherein the at least one empirically derived mathematical '
function includes the equation:

Py = exp [-a(x-c)’],
wherein Py represents a proportion of users that will perceive the telephonic voice
connection as having no impairment, a and b are empirically derived constants, and ¢
represents a noise level that substantially all users would perceive as being

unacceptable.
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52. The method of claim 49, wherein the at least one empirically dertved mathematical
function includes the equation:

Py =1 - exp [-d(x-c)’],
wherein P, represents a proportion of users that will perceive the telephonic voice
connection as having much impairmeﬁt, d and e are empirically derived constants, and
c represents a noise level that substantially all users would perceive as being

unacceptable.

53. The method of claim 49, wherein the at least one empirically derived mathematical
function includes the equation: P

Ps = exp [-a(x-c)"] - exp [-d(x-c)°,
wherein Pg represents a proportion of users that will perceive the telephonic voice
connection as having some impairment, a, b, d and e ai‘e empirically derived constants,
and c represents a noise level that substantially all users would perceive as being

unacceptable.

54. The method of claim 49, wherein the computer readable medium is selected from
the group consisting of a DRAM, ROM, PROM, EEPROM, a hard drive, or compact
disk.

55. The method of claim 49, wherein the method is performed by a telecommunications

switching device coupled to the computer readable medium.

56. The method of claim 55, wherein the telecommunications switching device 18

disposed 1n a central office in a telecommunications network.

57. The method of claim 55, wherein the telecommunications switching device is a

circuit switch.

58. The method of claim 55, wherein the telecommunications switching device is a

packet switch.
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59. The method of claim 49, wherein the method 1s performed by a Test Quality

Measurement System (TQMS) coupled to the computef readable medium.

60. The method of claim 49, wherein the method is performed by a OEM equipment

coupled to the computer readable medium.

61. A programmable device for evaluating quality in a telephonic voice connection na
telecommunications network, the device comprising:
a memory operative to store at least one empirically derived mathematical
function having at least one independent variable;
an interface control circui;[ coupled to the memory, the interface control circuit
being adapted to receive revised empirically derived data from an
external device, and store the revised empirically derived data in the
memory; and

a processor coupled to the memory, the processor being programmed to

calculate a revised at least one empirically derived mathematical
function using the revised empirically derived data, and

calculate a solution to the revised at least one empirically derived
mathematical function by 1using at least one measured
characteristic as the independent variable, whereby the solution
is an estimate of likely user perception of the quality of the

telephonic voice connection.
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