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DATA PROCESSOR

[0001] This application is a continuation of U.S. patent
application Ser. No. 12/307,182 filed Dec. 31, 2008 which is
incorporated herein by reference in its entirety.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates to a data processor,
and more particularly to a data processor for reproducing
sound data and image data.

BACKGROUND OF THE INVENTION

[0003] As an example, a conventional data processor
receives and decodes data broadcast at intervals, and stores
data decoded from the data broadcast in a memory device.
The conventional data processor does not receive and decodes
the data broadcast in an inactive period. Therefore, the con-
ventional data processor can reduce its electric power con-
sumption by stopping supplying an electric power in the
inactive period (see for example patent document 1).

Patent document 1: Japanese Patent Laid-Open Publication
No. H11-122586

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0004] The above-mentioned conventional data processor
can reduce the electric power consumption under the condi-
tion that the data processor is used for receiving the data
broadcast which is updated several times a day. However, the
above-mentioned conventional data processor can not reduce
the electric power consumption under the condition that the
data processor is used for processing and reproducing con-
tinuous audio-visual data and broadcast signal in real time.
[0005] It is therefore an object of the present invention to
provide a data processor which can reduce an electric power
necessary to reproduce data in real time.

Means to Solve the Problem

[0006] Inorderto solve the above problems, a data proces-
sor according to the present invention comprises: a data input
unit into which data is inputted; an input data storing unit in
which the data inputted into the data input unit is stored; a
signal processing unit operable to read out the data stored in
the input data storing unit, and perform signal processing of
data read from the input data storing unit; a signal processing
control unit operable to control the signal processing unit to
have the signal processing unit perform an intermittent opera-
tion by having the signal processing unit perform the signal
processing at a processing speed faster than a speed at which
the data is inputted into the data input unit; a clock/power
source control unit operable to reduce electric power con-
sumption of the signal processing unit and the signal process-
ing control unit by restricting either or both a clock signal and
an electric power to at least one section of the signal process-
ing unit and the signal processing control unit in an inactive
period of the intermittent operation; and an input monitor unit
operable to monitor the volume of data in the input data
storing unit, to request the clock/power source control unit to
remove the restriction of either or both a clock signal and an
electric power to at least one section of the signal processing
unit and the signal processing control unit on the basis of the
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volume of data in the input data storing unit, and to request the
signal processing control unit to move into an active period of
the intermittent operation.

Advantageous Effect of the Invention

[0007] The data processor according to the present inven-
tion can reduce an electric power necessary to reproduce
contents in real time.

BRIEF DESCRIPTION OF THE DRAWING

[0008] FIG. 1 is a block diagram showing the construction
of'the data processor according to one preferred embodiment
of the present invention.

[0009] FIG. 2 is a flow chart for explaining an input opera-
tion of the data processor according to the preferred embodi-
ment of the present invention.

[0010] FIG. 3 is a flow chart for explaining an output opera-
tion of the data processor according to the preferred embodi-
ment of the present invention.

BRIEF DESCRIPTION OF THE REFERENCE
NUMERALS

[0011] 1: data processor

[0012] 10: data input unit

[0013] 11: input data storing unit

[0014] 12: signal processing unit

[0015] 13: signal processing control unit

[0016] 14: clock/power source control unit

[0017] 15: input monitor unit

[0018] 16: output data storing unit

[0019] 17: data output unit

[0020] 18: output monitor unit

[0021] One preferred embodiment of the data processor
according to the present invention will now be described with
reference to accompanying drawings.

[0022] FIG. 1 is a block diagram showing the data proces-
sor according to the preferred embodiment of the present
invention.

[0023] As shown in FIG. 1, the data processor 1 comprises
adatainput unit 10 through which data is inputted in real time,
an input data storing unit 11 in which the data inputted
through the data input unit 10 is stored, a signal processing
unit 12 operable to read out data stored in the input data
storing unit 11, and to process data read from the input data
storing unit 11, a signal processing control unit 13 operable to
control the signal processing unit 12 to have the signal pro-
cessing unit 12 perform an intermittent operation, a clock/
power source control unit 14 operable to control either or both
a clock signal and an electric power to the signal processing
unit 12 and the signal processing control unit 13, an input
monitor unit 15 operable to monitor the volume of data in the
input data storing unit 11, an output data storing unit 16 in
which the data processed by the signal processing unit 12 is
stored, a data output unit 17 operable to read out data stored in
the output data storing unit 16, and to output the data read
from the output data storing unit 16, and an output monitor
unit 18 operable to monitor the volume of data in the output
data storing unit 16.

[0024] The data stored in a memory medium such as
memory card, magnetic disc, optical disc and the like, or the
datareceived by a network module (not shown) or a broadcast
receiver is inputted into the data input unit 10 in real time. The
data input unit 10 is constituted by an analog-to-digital con-
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verter, converts the input data to digital data, and stores the
digital data in the input data storing unit 11 in real time.
[0025] Here, the data to be inputted into the data input unit
10 is constituted by compressed audio data based on a method
such as for example MP3 (MPEG-1 Audio Layer 3), AAC
(Advanced Audio Coding), and WMA (Windows (registered
trademark) Media Audio), or constituted by non-compressed
audio data based on a method such as for example PCM
(Pulse Code Modulation). In this embodiment, data to be
inputted into the data input unit 10 is exemplified by a sound.
[0026] The input data storing unit 11 and the output data
storing unit 16 are respectively constituted by memory
devices. The input data is stored in, and the output data is read
from the memory devices on the basis of a first-in first-out
(FIFO) method.

[0027] The input monitor unit 15 is constituted by a pro-
cessor such as microcomputer or a hardware circuit, and
outputs a first interrupt signal to the clock/power source con-
trol unit 14 when judging that the volume of data in the input
data storing unit 11 is larger than or equal to a threshold level
Till which is previously defined to prevent the input data
storing unit 11 from being excessively filled with the data
from the data input unit 10.

[0028] The output monitor unit 18 is constituted by a pro-
cessor such as microcomputer or a hardware circuit, and
outputs a second interrupt signal to the clock/power source
control unit 14 when judging that the volume of data in the
output data storing unit 16 is smaller than or equal to a
threshold level TH2 which is previously defined to prevent the
data in the output data storing unit 16 from being excessively
reduced to zero.

[0029] The signal processing unit 12 is constituted by a
signal processor such as digital signal processor (DSP) or the
like, processes the data read from the input data storing unit
11, and stores the processed data in the output data storing
unit 16.

[0030] Here, the signal processing unit 12 may be consti-
tuted by a hardware circuit in place of a signal processor such
as DSP, or constituted by a hardware circuit and a signal
processor.

[0031] When the data to be inputted into the data input unit
10 is indicative of a sound, the signal processing unit 12 may
perform decompression of data, sound quality conversion
such as equalizing, and the like as being included in the signal
processing of data.

[0032] In this embodiment, the signal processing unit 12
obtains data based on a linear PCM method by processing the
data, and stores the data based on a linear PCM method in the
output data storing unit 16.

[0033] The data output unit 17 is constituted by a digital-
to-analog converter, reads out data stored in the output data
storing unit 16 in real time, performs digital-to-analog con-
version of the data read from the output data storing unit 16,
and outputs to an external loudspeaker.

[0034] The signal processing control unit 13 is constituted
by a processor such as a microcomputer for controlling each
part of the data processor 1, and instructs the signal process-
ing unit 12 to start and stop processing data.

[0035] Specifically, the signal processing control unit 13
controls the signal processing unit 12 to have the signal pro-
cessing unit 12 perform an intermittent operation by having
the signal processing unit 12 perform the signal processing at
a processing speed faster than a real-time processing speed.
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[0036] More specifically, the signal processing control unit
13 issues an instruction to the signal processing unit 12 about
the volume of data to be processed by the signal processing
unit 12. The signal processing control unit 13 receives, from
the signal processing unit 12, information that the signal
processing unit 12 has just completed the signal processing of
data. The signal processing control unit 13 repeats an instruc-
tion to the signal processing unit 12 about the volume of data
to be processed by the signal processing unit 12 in response to
the first and second interrupt signals from the input monitor
unit 15 and the output monitor unit 18. This leads to the fact
that the signal processing unit 12 performs the intermittent
operation by assuming an active state and an inactive state
alternatively.

[0037] The clock/power source control unit 14 reduces the
electric power consumption of the data processor 1 by con-
trolling either or both a clock signal and an electric power to
at least one section of the signal processing unit 12 and the
signal processing control unit 13 when the signal processing
unit 12 is in the inactive state. Here, the above-mentioned
section of the signal processing control unit 13 includes a
section for controlling the signal processing unit 12.

[0038] When restricting the clock signal to be supplied to at
least one section of the signal processing unit 12 and the
signal processing control unit 13, the clock/power source
control unit 14 controls a clock signal generating circuit (op-
erable to generate a clock signal, and not shown) to stop
supplying the clock signal, or reduces the frequency or the
voltage of the clock signal.

[0039] When restricting the electric power to at least one
section of the signal processing unit 12 and the signal pro-
cessing control unit 13, the clock/power source control unit
14 controls a power source (operable to supply an electric
power, and not shown) to stop supplying the electric power, or
reduces the frequency or the voltage of the electric power.
[0040] More specifically, a memory medium (not shown)
such as a resister or the like has information indicating con-
ditions of a clock signal (such as for example frequency,
voltage, and whether or not to supply the clock signal) and
conditions of an electric power (such as for example voltage
and whether or not to supply the electric power) to be supplied
to at least one section of the signal processing unit 12 and the
signal processing control unit 13 when the signal processing
unit 12 is in each of the active state and the inactive state. The
clock/power source control unit 14 controls the clock signal
and the electric power to be supplied to at least one section of
the signal processing unit 12 and the signal processing control
unit 13.

[0041] The operation of the data processor 1 thus con-
structed as previously mentioned will be described hereinaf-
ter with reference to FIGS. 2 and 3.

[0042] FIG. 2 is a flow chart for explaining an input opera-
tion of the data processor 1. Here, the data processor 1 starts
the input operation when the volume of data in the input data
storing unit 11 reaches or exceeds a threshold level TH1.
[0043] The first interrupt signal is outputted to the clock/
power source control unit 14 by the input monitor unit 15 (in
step 81). When the judgment is made that the clock/power
source control unit 14 is restricting the clock signal and the
electric power to at least one section of the signal processing
unit 12 and the signal processing control unit 13 (in step 82),
the clock/power source control unit 14 removes the restriction
of the clock signal and the electric power in response to the
first interrupt signal (in step 83).
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[0044] The judgment is then made by the signal processing
controlunit 13 on whether or not the signal processing unit 12
is in the active state (in step 84) when the clock/power source
control unit 14 removes the restriction of the clock signal and
the electric power to at least one section of the signal process-
ing unit 12 and the signal processing control unit 13. The data
processor 1 stops performing the input operation when the
judgment is made that the signal processing unit 12 is in the
active state.

[0045] When, on the other hand, the judgment is made that
the signal processing unit 12 is not in the active state, the
signal processing control unit 13 indicates the volume of data
to be processed by the signal processing unit 12 (in step S5).
The signal processing unit 12 performs the signal processing
of data on the basis of the indication from the signal process-
ing control unit 13. The signal processing unit 12 assumes the
inactive state (in step S7) when completing the signal pro-
cessing of data (in step S6).

[0046] When the clock/power source control unit 14
receives, from the signal processing unit 12 through the signal
processing control unit 13, information that the signal pro-
cessing unit 12 has just assumed the inactive state, the clock/
power source control unit 14 restricts either or both a clock
signal and an electric power to at least one section of the
signal processing unit 12 and the signal processing control
unit 13 (in step S8).

[0047] FIG.3 is aflow chart for explaining an output opera-
tion of the data processor 1. The data processor 1 starts the
output operation when the volume of data in the output data
storing unit 16 is smaller than or equal to a threshold level
TH2. The output operation is performed by the data processor
1 without depending on the input operation.

[0048] The second interrupt signal is firstly outputted to the
clock/power source control unit 14 by the output monitor unit
18 (in step S11). When the judgment is made that the clock/
power source control unit 14 is restricting either or both the
clock signal and the electric power to at least one section of
the signal processing unit 12 and the signal processing control
unit 13 (in step S12), the clock/power source control unit 14
removes the restriction of either or both the clock signal and
the electric power to at least one section of the signal process-
ing unit 12 and the signal processing control unit 13 in
response to the second interrupt signal (in step S13).

[0049] Afterthe restriction of either or both the clock signal
and the electric power to at least one section of the signal
processing unit 12 and the signal processing control unit 13 is
removed, the signal processing control unit 13 makes a judg-
ment on whether or not the signal processing unit 12 is in the
active state of the intermittent operation (in step S14). When
the judgment is made that the signal processing unit 12 is in
the active state of the intermittent operation, the data proces-
sor 1 completes the output operation.

[0050] When, on the other hand, the judgment is made that
the signal processing unit 12 is not in the active state of the
intermittent operation, the signal processing control unit 13
indicates the volume of data to be processed by the signal
processing unit 12 (in step S15). the signal processing unit 12
performs the signal processing of data on the basis of the
indication from the signal processing control unit 13, and
assumes the inactive state of the intermittent operation (in
step S17) when completing the signal processing of data (in
step S16).

[0051] When the clock/power source control unit 14
receives, from the signal processing unit 12 through the signal
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processing control unit 13, information that the signal pro-
cessing unit 12 has assumed the inactive state of the intermit-
tent operation, the clock/power source control unit 14
restricts either or both the clock signal and the electric power
to at least one section of the signal processing unit 12 and the
signal processing control unit 13 (in step S18).

[0052] From the foregoing description, it will be under-
stood that the data processing unit according to the preferred
embodiment of the present invention can reduce an electric
power necessary to reproduce data in real time by restricting
either or both a clock signal and an electric power to at least
one section of the signal processing unit 12 and the signal
processing control unit 13 in the inactive period of the inter-
mittent operation.

[0053] Additionally, the signal processing control unit 13
may have a timer, and allow the signal processing unit 12 to
perform the intermittent operation by instructing the signal
processing unit 12 to stop processing the data on the basis of
the elapsed time measured by the timer.

[0054] When the remaining data in the input data storing
unit 11 becomes equal to or smaller than a threshold level
TH3 (TH3<TH1), the input monitor unit 15 may output the
third interrupt signal to the signal processing control unit 13.
When, on the other hand, the remaining data in the output data
storing unit 16 becomes equal to or larger than a threshold
level TH4 (TH4<TH2), the output monitor unit 18 outputs the
fourth interrupt signal to the signal processing control unit 13.
[0055] Here, the threshold level TH3 is previously defined
s0 as not to deplete the data stored in the input data storing unit
11. The threshold level TH4 is previously defined so as not to
overflow with data from the output data storing unit 16.
[0056] In this case, the signal processing control unit 13
instructs the signal processing unit 12 to stop processing the
data in response to the third or the fourth interrupt signal from
the input monitor unit 15 and the output monitor unit 18 to
ensure that the signal processing unit 12 performs the inter-
mittent operation, instead of informing about the volume of
data to be processed by the signal processing unit 12.

INDUSTRIAL APPLICABILITY

[0057] The data processor according to the present inven-
tion is useful as an audio player and a video player for a
battery-powered mobile device, and a mobile phone operable
to performing an audio-visual processing of data.

1. A data processor comprising:

a data input unit into which data is inputted;

an input data storing unit in which the data inputted into the
data input unit is stored;

a signal processing unit operable to read out the data stored
in the input data storing unit, and perform signal pro-
cessing of data read from the input data storing unit;

a signal processing control unit operable to control the
signal processing unit to take an active period to perform
the signal processing at a processing speed faster than an
input speed of the data inputted into the data input unit,
and an inactive period not to perform the signal process-
ing;

a power control unit operable to restrict in the inactive
period at least one of an electric power and a clock signal
both supplied with the signal processing unit; and

an input monitor unit operable to request the power control
unit to remove the restriction of at least one of the elec-
tric power and the clock signal both supplied with the
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signal processing unit on the basis of the volume of the
data in the input data storing unit.

2. A data processor according to claim 1, wherein

the input monitor unit is operable to make the request when
the volume of data in the input data storing unit becomes
equal to or larger than a predetermined threshold level.

3. A data processor comprising:

a signal processing unit operable to perform signal pro-
cessing of data inputted thereinto;

an output data storing unit in which the data processed by
the signal processing unit is stored;

a data output unit operable to read out and output data
stored in the output data storing unit;

a signal processing control unit operable to control the
signal processing unit to take an active period to perform
the signal processing at a processing speed faster than an
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output speed of the data outputted from the data output
unit, and an inactive period not to perform the signal
processing;

a power control unit operable to restrict in the inactive
period at least one of an electric power and a clock signal
both supplied with the signal processing unit; and

an output monitor unit operable to request the power con-
trol unit to remove the restriction of at least one of the
electric power and the clock signal both supplied with
the signal processing unit on the basis of the volume of
the data in the output data storing unit.

4. A data processor according to claim 3, wherein

the output monitor unit is operable to make the request
when the volume of data in the output data storing unit
becomes equal to or smaller than a predetermined
threshold level.



