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(57) ABSTRACT

The voice quality optimization system includes a controller
that controls voice quality by adjusting parameters that con-
trol voice quality characteristics of the communication
device; and a measuring unit that measures voice quality of
the communication device and transmits the measured voice
quality as a feedback to the controller. The controller controls
voice quality by calibrating the parameters of the communi-
cation device, including a receiving sensitivity/frequency
response characteristic curve, receiving loudness rating and
idle channel noise-receiving. A method for setting voice opti-
mization in a communication device includes measuring
parameters of the communication device, determining
whether the parameters of the communication device are
within a target range, and calibrating a first parameter to be
within the target range if the first parameter is outside the
target range.
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VOICE QUALITY OPTIMIZATION SYSTEM
AND METHOD

CROSS-REFERENCE TO APPLICATION

[0001] This application claims priority from and the benefit
under 35 U.S.C. §119(a) of a Korean Patent Application No.
10-2011-0102452, filed on Oct. 7, 2011, the entire disclosure
of which are incorporated herein by reference for all pur-
poses. Applicants also incorporate by reference the disclo-
sures of “Developing The Automatic Voice Quality Optimi-
zation System for Mobile Communication Devices,” and
“Analyzing Characteristics of Auto Gain Control for the Opti-
mized Call Quality of Communication Device” in their
entireties as if fully set forth herein.

BACKGROUND

[0002] 1. Field

[0003] The following description relates to a system and a
method for automatically tuning voice quality optimization
of a communication device.

[0004] 2. Discussion of the Background

[0005] With the recent advent of a variety of communica-
tion devices, an increasing number of users are using the
communication devices, which may provide a voice commu-
nication operation. Conventionally, manufacturers perform
tuning of the communication devices by using specialized
engineers in order to improve voice quality of these devices.
However, since the voice quality may be determined by dif-
ferent individual engineers, there may be some deviation in
voice quality among the communication devices. In addition,
since time used to tune voice quality may be based on the
individual engineer’s skill, it may be difficult to uniformly
maintain tuning time and voice quality.

SUMMARY

[0006] Exemplary embodiments of the present invention
provide a voice quality optimization system and a method for
setting voice optimization in a communication device.
[0007] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.

[0008] Exemplary embodiments of the present invention
provide a voice quality optimization system including a mea-
suring unit to obtain parameters of a communication device,
in which the parameters comprise a receiving sensitivity/
frequency response (RFR), receiving loudness rating (RLR),
and idle channel noise-receiving (ICN-R); and a controller to
determine whether the parameters of the communication
device are within a target range, and to calibrate a first param-
eter to be within the target range if the first parameter is
outside the target range.

[0009] Exemplary embodiments of the present invention
provide a method for setting voice optimization in a commu-
nication device including measuring parameters of the com-
munication device with a measuring unit, in which the param-
eter comprises at least one of a receiving sensitivity/
frequency response (RFR), receiving loudness rating (RLR),
and idle channel noise-receiving (ICN-R); determining with a
controller whether the parameters of the communication
device are within a target range; and calibrating a first param-
eter to be within the target range with the controller if the first
parameter is outside the target range.
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[0010] Exemplary embodiments of the present invention
provide a method for setting voice optimization in a commu-
nication device including measuring parameters of the com-
munication device, in which the parameters comprise a
receiving sensitivity/frequency response (RFR), receiving
loudness rating (RLR), and idle channel noise-receiving
(ICN-R); determining whether RFR is within a target RFR
range, and calibrating filter coefficient if RFR is determined
not to be within the target RFR range; determining whether
RLR is within a RLR range, and calibrating RL.R parameter if
RLR is determined not to be within the target RLR range; and
determining whether ICN-R is within a ICN-R range, and
calibrating ICN-R parameter if ICN-R is determined not to be
within the target ICN-R range, in which RFR is rechecked to
determine whether RFR remains within the target RFR range
after RLR or ICN-R is calibrated, and RFR and RLR are
rechecked to determine whether the RFR and the RLR remain
within their respective target ranges after ICN-R is calibrated.
[0011] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed. Other features and
aspects will be apparent from the following detailed descrip-
tion, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0013] FIG. 1 is a schematic diagram illustrating a voice
quality optimization system according to an exemplary
embodiment of the invention.

[0014] FIG. 2 is a flowchart illustrating a method for driv-
ing a voice quality optimization system according to an exem-
plary embodiment of the invention.

[0015] FIG. 3A illustrates a target receiving sensitivity/
frequency response characteristic curve set in a voice quality
optimization system according to an exemplary embodiment
of the invention.

[0016] FIG. 3B illustrates a measured receiving sensitivity/
frequency response characteristic curve in a voice quality
optimization system according to an exemplary embodiment
of the invention.

[0017] FIG. 4 is a graph illustrating idle channel noise-
receiving parameters in a voice quality optimization system
according to an exemplary embodiment of the invention.
[0018] FIG. 5 is a schematic diagram illustrating a voice
quality optimization system according to an exemplary
embodiment of the invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0019] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure is thorough, and will fully convey the scope of the inven-
tion to those skilled in the art. It will be understood that for the
purposes of this disclosure, “at least one of X, Y, and Z” can
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be construed as X only, Y only, Z only, or any combination of
two ormoreitems X,Y,andZ (e.g., XYZ, XZ, XYY, YZ, 77).
Throughout the drawings and the detailed description, unless
otherwise described, the same drawing reference numerals
are understood to refer to the same elements, features, and
structures. The relative size and depiction of these elements
may be exaggerated for clarity.

[0020] It will be understood that when an element is
referred to as being “connected to” another element, it can be
directly connected to the other element, or intervening ele-
ments may be present.

[0021] Hereinafter, a voice quality optimization system
according to an exemplary embodiment of the present inven-
tion will be described.

[0022] FIG. 1 is a schematic diagram illustrating a voice
quality optimization system according to an exemplary
embodiment of the invention.

[0023] As shown in FIG. 1, a voice quality optimization
system 100 includes a controller 110 and a measuring unit
120. In the illustrated embodiment, the controller 110 and the
measuring unit 120 are provided in separate devices, how-
ever, they may be provided in a single device.

[0024] The controller 110 may be electrically connected to
a communication device 10. The connection may be made in
a wired or wireless manner. The controller 110 may control
one or more parameters of the communication device 10.
[0025] The controller 110 may perform parameter optimi-
zation in an order of voice quality characteristics to be mea-
sured. In an example, the voice quality characteristics to be
measured may be arranged in the order of a receiving sensi-
tivity/frequency response (RFR), a receiving loudness rating
(RLR), and an idle channel noise-receiving (ICN-R) (collec-
tively referred to as “measuring items”).

[0026] The RFR may refer to a receiving sensitivity/fre-
quency response characteristic, the RLR may refer to a loss of
a reception signal relative to a transmission signal, and the
ICN-R may refer to a level of noise in a state in which mutual
communication parties stay silent without talking. However,
terms used to describe the measuring items and detailed mea-
suring methods thereof may vary according to manufacturers,
standard setting organizations, research institutions or the
like.

[0027] The controller 110 may tune voice quality of the
communication device 10 by adjusting various parameters of
the measuring items while determining the values of the
measuring items in order of measuring items, that is, in order
of RFR, RLR and ICN-R. The order of the measuring items
may be determined according to how strongly they are influ-
enced by each other. More specifically, if RFR influences
RLR more than RLR influences RFR, then RFR may be
adjusted before the RLR. The tuning performed by the con-
troller 110 is described below in more detail.

[0028] The measuring unit 120 may be electrically con-
nected to the communication device 10 and/or the controller
110. The connection may be established in a wired or wireless
manner. The measuring unit 120 may determine whether the
measuring items of the communication device 10 lie within
standard ranges. In addition, the measuring unit 120 may
apply the measuring results again to the controller 110 to
allow the controller 110 to change one or more parameters
and perform tuning again.

[0029] Hereinafter, a sequence of driving the voice quality
optimization system according to an exemplary embodiment
will be described in more detail.
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[0030] FIG. 2 is a flowchart illustrating a method for driv-
ing a voice quality optimization system according to an exem-
plary embodiment of the invention. FIG. 3A illustrates a
target receiving sensitivity/frequency response (RFR) char-
acteristic curve set in a voice quality optimization system
according to an exemplary embodiment of the invention. FIG.
3B illustrates a measured RFR characteristic curve in a voice
quality optimization system according to an exemplary
embodiment of the invention. This method will be described
as if performed by the voice quality optimization system 100
of FIG. 1, but is not limited as such.

[0031] Referring first to FIG. 2, in the voice quality opti-
mization system 100, the controller 110 determines whether
the RFR characteristic curve of the communication device 10
satisfies a target standard (S10).

[0032] Referring to FIG. 3A, together with FIG. 2, the
controller 110 sets a target RFR characteristic curve that may
satisfy the RFR standard. In FIG. 3A, the target RFR charac-
teristic curve is illustrated as a graphical representation of
receiving sensitivity levels in different frequency bands. To
this end, the controller 110 may select the target RFR char-
acteristic curve customized to the type of the communication
device 10 or may set a general target RFR characteristic
curve. The target RFR characteristic curve may be selected
among existing RFR characteristic curves or may be directly
set (i.e., drawing a desired RFR characteristic using a mouse,
or similar instrument). In addition, the target RFR character-
istic curve may be set to conform to the standard requirement
by allowing the target RFR characteristic curve to be posi-
tioned between mask regions (indicated by shaded regions in
FIG. 3A), which may be specified by various communication
companies, standard setting organizations, research institu-
tions or the like.

[0033] The measuring unit 120 obtains the RFR character-
istic curve of the communication device 10 and transmits the
same to the controller 110. The controller 110 compares the
RFR characteristic curve with the target RFR characteristic
curve while varying pulse code modulation (PCM) filter
parameters. Here, the PCM filter parameters may include 7
filter coefficients in a transmitter side and a receiver side.
[0034] If the controller 110 determines that the RFR stan-
dard has not been satisfied, the controller 110 calibrates the
filter coefficients over a period of a given number of sets N
(S11), and controls the measuring unit 120 to obtain the RFR
characteristic curve of the communication device 10 to derive
a final parameter from the filter coefficients in the RFR char-
acteristic curve. The RFR characteristic curve corresponding
to the final parameter may be similar to the target RFR char-
acteristic curve. In addition, while the number of sets N is
described to range to 100, but may be fewer or greater.
[0035] The RFR characteristic curve of the communication
device 10 selected by the optimized parameter is shown in
FIG. 3B. As shown in FIG. 3B, the RFR characteristic curve
is similar to the target RFR characteristic curve shown in FIG.
3 A and is positioned between the masked regions (indicated
by shaded regions), as it may be set forth by various commu-
nication companies, standard setting organizations, research
institutions or the like.

[0036] If the RFR characteristic curve of the communica-
tion device 10 is not positioned between the mask regions,
that is, if the RFR characteristic curve does not meet or satisfy
the target RFR standard, the controller 10 recalibrates the
filter coefficient (S11) to produce another RFR characteristic
curve, which may meet or satisfies the target RFR standard.
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This step of obtaining again the RFR characteristic curve of
the communication device 10 may be repeatedly performed
until a satisfactory RFR characteristic curve is produced or
until other reference conditions are met.

[0037] If RFR characteristic curve of the communication
device 10 is determined to have met or satisfied the RFR
standard, the controller 110 determines whether the RLR
standard of the communication device 10 is satisfied (S20). If
the controller 110 determines that the RLR standard has been
satisfied, the routine proceeds to a next step (S30). If the
controller determines that the RLR standard has not been
satisfied, the RLR parameter is calibrated (S21).

[0038] More specifically, in order to tune the RLR, the
controller 110 may adjust codec gain and volume parameters.
If the codec and volume parameters are increased, the RLR
may decrease in response. The controller 110 may adjust the
RLR to be positioned within a target standard range by select-
ing a target RLR, comparing the target RLR with the mea-
sured RLR of the communication device 10 to obtain a dif-
ference between the target RLR and the measured RLR of the
communication device 10, adjusting the codec gain based on
the difference, and adjusting the volume (S21).

[0039] Ifthe RLR is determined to be positioned within the
target standard range, the controller 110 may check again to
determine whether the RFR standard remains satisfied (S30).
[0040] The rechecking step may be performed because the
parameter of the RFR characteristic curve may be affected or
changed by the RLR parameter while calibrating the RLR
parameter. Accordingly, even after the calibrating of the RLR
parameter (S21), the measuring unit 120 may check again to
determine whether the RFR characteristic curve is positioned
within the standard range.

[0041] If the controller 110 determines that the measured
RFR characteristic curve and the RLR characteristic curve are
positioned within the standard range, the controller 110
checks to determine whether the ICN-R standard of the com-
munication device 10 is satisfied (S40).

[0042] Ifso, the routine proceeds to a next step, and if not,
the ICN-R parameter is calibrated (S41), thereby adjusting
the ICN-R to be positioned within an ICN-R standard range.
[0043] Further, although not illustrated, one or more addi-
tional checks after the initial calibration of RFR, RLR, and
ICN-R may be omitted for efficiency.

[0044] FIG. 4 is a graph illustrating idle channel noise-
receiving parameters in a voice quality optimization system
according to an exemplary embodiment of the invention.
[0045] Referring to FIG. 4, the controller 110 may control
idle channel noise-receiving (ICN-R) characteristic curve by
adjusting parameters of auto gain control (AGC). The AGC
may perform to automatically change an amplification factor,
such that an output of an input signal is within a target range.
The AGC parameters may include, without limitation, a static
gain, an expander threshold, and an expander slope. The
controller 110 may control the ICN-R to satisfy the target
standard range by calibrating the static gain, the expander
threshold, and the expander slope.

[0046] The static gain may be used to adjust AGC-based
input signals to be tuned to the gain. In addition, the expander
threshold and the expander slope may be used to define a
target standard range of input signals by adjusting low levels
of the input signals. An output-to-input proportion may be
adjusted by adjusting the expander slope. Accordingly, by
calibrating the static gain, the expander threshold, and the
expander slope, the ICN-R may be tuned.
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[0047] In addition, while calibrating the ICN-R parameter
(S41), the previously tuned parameters of the RFR character-
istic curve and the RLR may be changed. Thus, the controller
110 rechecks the RFR, RLR and ICN-R parameters in that
order to determine whether they satisfy their respective stan-
dards (S50).

[0048] Ifthe RFR,RLR and ICN-R parameter standards are
all satisfied, the voice quality optimization process is termi-
nated. However, if any one of the parameter standards is not
satisfied, the voice quality optimization method may goes
back to the initial step to calibrate again the respective param-
eters for the RFR characteristic curve, the RLR and the ICN-
R. Further, the routine may loop back to fix only the faulty
parameter(s) (i.e., if only RLR parameter is determined to be
faulty, the routine may go back to step S20 rather than starting
from the beginning).

[0049] Although not illustrated, similar routine or opera-
tions may be performed to adjust the sending parameter as
well, which may include, without limitation, a sending sen-
sitivity/frequency response (SFR), a sending loudness rating
(SLR), and an idle channel noise-sending (ICN-S) as well.

[0050] Hereinafter, tests carried out by the voice quality
optimization system according to an exemplary embodiment
of the present invention will be described.

[0051] Table 1 below shows a target standard range for
RLR and ICN-R, comparison results of RLR and ICN-R
standard parameters tuned automatically by the voice quality
optimization system, and RLR and ICN-R standard param-
eters tuned by an engineer. In addition, similar information
related to SLR and ICN-S parameters are provided as well.

TABLE 1
Automated

Category Target Standard ~ Manual Tuning Tuning
Receiving RLR [dB] -1~-3 -2.10 -1.98
ICN-R -65 -65.57 -66.71
Sending SLR [dB] 11~13 13.07 12.42
ICN-S =75 -78.70 -76.66

[0052] As confirmed from Table 1, in the voice quality

optimization system 100, the RLR and ICN-R target standard
range in a receiving stage are both satisfied. In addition, SLR
and ICN-S target standard range in a sending stage are also
satisfied.

[0053] Table 2 below shows comparison results of tuning
time measured when tuning is automatically performed by
the voice quality optimization system according to the
embodiment of the present invention and when tuning is
manually performed by an engineer.

TABLE 2
Manual Tuning ~ Automated Curtailed
Category  Measuring Item [min] Tuning Time [min]
Receiving RFR 60 4 56
RLR 40 4 36
ICN-R 50 7 43
Sending  SFR 90 5 85
SLR 20 3 17
ICN-S 30 3 27
Total tuning time [min] 290 26 264
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[0054] As confirmed from Table 2, the voice quality opti-
mization system 100 curtailed the tuning time for optimizing
voice quality. As shown in Table 2, tuning time was curtailed
by 135 minutes in a receiving stage and 129 minutes in a
sending stage. In addition, while manual tuning performed by
an engineer used a total tuning time of 264 minutes, the voice
quality optimization system 100 used a total tuning time of 26
minutes, or approximately 10” of the manual tuning time.
[0055] Therefore, the voice quality optimization system
100 may be able to secure voice quality by satisfying the voice
quality standard while maintaining quality uniformity.
[0056] In addition, in a case where the voice quality opti-
mization system 100 is used in a production line, different
parameters of terminals, even if the terminals are of the same
model, can be adjusted so as to be suited to characteristics of
the respective terminals, which may improve the overall voice
quality of the respective terminals.

[0057] Further, in the voice quality optimization system
100, a tuning time may be reduced, compared to a conven-
tional manual system, which would further increase the pro-
ductivity.

[0058] Hereinafter, a configuration of a voice quality opti-
mization system according to an exemplary embodiment of
the present invention will be described.

[0059] FIG. 5 is a schematic diagram illustrating a voice
quality optimization system according to an exemplary
embodiment of the invention.

[0060] Referring to FIG. 5, a voice quality optimization
system 200 is embedded or enclosed in a communication
device 20. In addition, the voice quality optimization system
200 further includes a controller 210 and a measuring unit
220.

[0061] Here, the communication device 20 may be in the
form of a smart phone, a two way radio, and the like. The
controller 210 and the measuring unit 220 may be imple-
mented as processors embedded in the communication device
20, for example, in forms of digital signal processing (DSP)
chips.

[0062] The controller 210 and the measuring unit 220 may
be executed by incorporating operations provided in the com-
munication device or separate applications, thereby activat-
ing voice quality optimization. Therefore, individual users
may activate operations of the controller 210 and the measur-
ing unit 220 to calibrate parameters to be suited for the indi-
vidual user.

[0063] Here, operations of the controller 210 and the mea-
suring unit 220 may be similar to or the same as those of the
controller 110 and the measuring unit 120 described above.
Therefore, the controller 210 may determine whether param-
eters of the communication device 20 satisty the respective
standards, including RFR characteristic curve, RLR and ICN-
R. Further, the controller 210 and the measuring unit 220 may
also repeatedly measure and adjust parameters to be within
target standard ranges in the respective stages.

[0064] As described above, the voice quality optimization
system 200 includes the controller 210 and the measuring unit
220 embedded or enclosed in the communication device 20,
which are executed based on one or more applications to
allow individual users to calibrate the parameters in person,
thereby achieving voice quality suited for the individual
users.

[0065] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope of
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the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A voice quality optimization system, comprising:

a measuring unit to obtain parameters of a communication
device, wherein the parameters comprise a receiving
sensitivity/frequency response (RFR), receiving loud-
ness rating (RLR), and idle channel noise-receiving
(ICN-R); and

a controller to determine whether the parameters of the
communication device are within a target range, and to
calibrate a first parameter to be within the target range if
the first parameter is outside the target range.

2. The voice quality optimization system of claim 1,

wherein RFR is calibrated before RLR and ICN-R.

3. The voice quality optimization system of claim 1,
wherein the controller compares a measured RFR character-
istic curve to a target RFR characteristic curve and varies
pulse code modulation (PCM) filter parameters to determine
whether RFR is determined to be within the target RFR range.

4. The voice quality optimization system of claim 1,
wherein the controller calibrates the RFR by calibrating filter
coefficients and obtains a RFR characteristic curve that sat-
isfies the target RFR range to derive a second parameter from
the filter coefficient.

5. The voice quality optimization system of claim 1,
wherein the controller calibrates RLR by adjusting a codec
gain and a volume parameter.

6. The voice quality optimization system of claim 1,
wherein the controller adjusts parameters of auto gain control
(AGC) to calibrate the ICN-R.

7. The voice quality optimization system of claim 6,
wherein the parameters of AGC include at least one of a static
gain, an expander threshold, and an expander slope.

8. The voice quality optimization system of claim 7,
wherein the controller further adjusts AGC based input sig-
nals by using the static gain, adjusts a low level of input
signals of a target range of input signals, wherein the target
range of input signals are based on the expander threshold and
the expander slope, and adjusts an output-to-input proportion
using the expander slope.

9. The voice quality optimization system of claim 1,
wherein the measuring unit and controller are incorporated in
a communication device.

10. A method for setting voice optimization in a commu-
nication device, comprising:

measuring parameters of the communication device with a
measuring unit, wherein the parameter comprises at
least one of a receiving sensitivity/frequency response
(RFR), receiving loudness rating (RLR), and idle chan-
nel noise-receiving (ICN-R);

s determining with a controller whether the parameters of
the communication device are within a target range; and

calibrating a first parameter to be within the target range
with the controller if the first parameter is outside the
target range.

11. The method of claim 10, wherein RFR is calibrated

before RLR and ICN-R.

12. The method of claim 10, wherein RFR is determined to
be within the target RFR range by comparing a measured
RFR characteristic curve to a target RFR characteristic curve
and varying pulse code modulation (PCM) filter parameters.
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13. The method of claim 10, wherein RFR is calibrated by
calibrating filter coefficients and obtaining a RFR character-
istic curve that satisfies the target RFR range to derive a
second parameter from the filter coefficient.

14. The method of claim 10, wherein RLR is calibrated by
adjusting a codec gain and a volume parameter.

15. The method of claim 10, wherein ICN-R is calibrated
by adjusting parameters of auto gain control (AGC).

16. The method of claim 15, wherein the parameters of
AGC include at least one of a static gain, an expander thresh-
old, and an expander slope.

17. The method of claim 16, wherein adjusting parameters
of AGC comprises:

adjusting AGC based input signals by using the static gain,

adjusting a low level of input signals of a target range of

input signals, wherein the target range of input signals is
based on the expander threshold and the expander slope,
and

adjusting an output-to-input proportion using the expander

slope.

18. The method of claim 17, further comprising determin-
ing whether RFR remains within the target RFR range, if
RLR or ICN-R is calibrated.
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19. The method of claim 10, further comprising determin-
ing whether RFR and the RLR remain within their respective
target ranges, if ICN-R is calibrated.
20. A method for setting voice optimization in a commu-
nication device, comprising:
measuring parameters of the communication device,
wherein the parameters comprise a receiving sensitivity/
frequency response (RFR), receiving loudness rating
(RLR), and idle channel noise-receiving (ICN-R);

determining whether RFR is within a target RFR range,
and calibrating filter coefficient if RFR is determined not
to be within the target RFR range;

determining whether RLR is within a RLR range, and

calibrating RLR parameter if RLR is determined not to
be within the target RLR range; and

determining whether ICN-R is within a ICN-R range, and

calibrating ICN-R parameter if ICN-R is determined not
to be within the target ICN-R range,

wherein RFR is rechecked to determine whether RFR

remains within the target RFR range after RLR or ICN-R
is calibrated, and

RFR and RLR are rechecked to determine whether the RFR

and the RLR remain within their respective target ranges
after ICN-R is calibrated.
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