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(57) ABSTRACT

An amplification control device for controlling a variable-
gain amplifier the amplification factor of which is controlled
based on an analog control signal, and which amplifies an
analog input signal and outputs an analog output signal,
includes component acquisition means that transforms, by
the discrete Fourier transform, a digital output signal con-
verted from the analog output signal into digital form by an
A/D converter, thereby acquiring a desired frequency com-
ponent of the digital output signal, differentiating means that
acquires a difference between the electric power of the fre-
quency component acquired by the component acquisition
means and a target value of the electric power of the frequency
component, and digital control signal output means that out-
puts a digital control signal, based on the difference acquired
by the differentiating means, for controlling the amplification
factor of the variable-gain amplifier, in which the analog
control signal is obtained by converting the digital control
signal into analog form by the D/A converter.

16 Claims, 9 Drawing Sheets
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1
AMPLIFICATION CONTROL DEVICE, TEST
SIGNAL GENERATION MODULE, TEST
DEVICE, AMPLIFICATION CONTROL
METHOD, PROGRAM, AND RECORDING
MEDIUM

TECHNICAL FIELD

The present invention relates to adjustment of a signal
level.

BACKGROUND ART

Conventionally, there has been known a device which
amplifies a signal by means of a variable-gain amplifier, out-
puts an amplified signal, detects the output by peak detection,
processes the detected signal by means of an analog circuit
(refer to FIG. 5 of Japanese Laid-Open Patent Publication
(Kokai) No. H11-154839) or a digital circuit (refer to FIG. 1
and ABSTRACT of Japanese Laid-Open Patent Publication
(Kokai) No. H11-154839), and controls the gain of the vari-
able-gain amplifier based on a processing result.

However, according to the above described prior art, if the
output signal of the variable-gain amplifier contains signals of
multiple frequency components, it is not possible to maintain
a constant level of a signal of a certain frequency component.
This is because signals of all the frequency components are
detected, when the output signal is detected by the peak
detection.

It is therefore an object of the present invention to maintain
a constant level of a signal of a certain frequency component
of the output signal of the variable-gain amplifier.

DISCLOSURE OF THE INVENTION

According to the present invention, an amplification con-
trol device for controlling an amplification unit an amplifica-
tion factor of which is controlled based on an analog control
signal, and which amplifies an analog input signal and outputs
an analog output signal, includes: a component acquisition
unit that transforms, by the discrete Fourier transform, a
digital output signal converted from the analog output signal
into digital form, thereby acquiring a desired frequency com-
ponent of the digital output signal; a differentiating unit that
acquires a difference between the electric power of the fre-
quency component acquired by the component acquisition
unit and a target value of the electric power of the frequency
component; and a digital control signal output unit that out-
puts, based on the difference acquired by the differentiating
unit, a digital control signal for controlling the amplification
factor of the amplification unit, wherein the analog control
signal is obtained by converting the digital control signal into
analog form.

According to the thus constructed amplification control
device, an amplification control device for controlling an
amplification unit an amplification factor of which is con-
trolled based on an analog control signal, and which amplifies
an analog input signal and outputs an analog output signal,
can be provided.

A component acquisition unit transforms, by the discrete
Fourier transform, a digital output signal converted from the
analog output signal into digital form, thereby acquiring a
desired frequency component of the digital output signal. A
differentiating unit acquires a difference between the electric
power of the frequency component acquired by the compo-
nent acquisition unit and a target value of the electric power of
the frequency component. A digital control signal output unit
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2

outputs, based on the difference acquired by the differentiat-
ing unit, a digital control signal for controlling the amplifica-
tion factor of the amplification unit. The analog control signal
is obtained by converting the digital control signal into analog
form.

According to the present invention, the amplification con-
trol device may include a sample number setting unit that sets
the number of samples used in the discrete Fourier transform
carried out by the component acquisition unit,

The sample number setting unit sets the number of the
samples such that the number of samples in (P+1)” discrete
Fourier transform carried out by the component acquisition
unit can be larger than the number of samples in P” discrete
Fourier transform where P is a positive integer.

According to the amplification control device of the
present invention, the sample number setting unit may
increase the number of samples when the number of times of
the discrete Fourier transform carried out by the component
acquisition unit exceeds a predetermined number of times.

According to the amplification control device of the
present invention, the digital control signal output unit may
include a control signal recording unit that records the digital
control signal.

The control signal recording unit records, before a desired
analog output signal is obtained, an appropriate control signal
which is the digital control signal causing the desired analog
output signal to be obtained when a predetermined analog
input signal is fed to the amplification unit.

According to the amplification control device of the
present invention, the appropriate control signal may be cal-
culated based on the predetermined analog input signal and
the desired analog output signal.

According to the amplification control device of the
present invention, the appropriate control signal may be
recorded in the control signal recording unit in a state in
which the predetermined analog input signal is fed to the
amplification unit, and the desired analog output signal is
obtained; and the control signal recording unit may record the
appropriate control signal before the desired analog output
signal is obtained again after the state.

According to the amplification control device of the
present invention, the digital output signal may be obtained
by lowering the frequency of the analog output signal, and
converting the resulting signal into digital form.

According to the present invention, a test signal generation
module may include: the amplification control device accord-
ing to the present invention; the amplification unit; an A/D
converter that converts the analog output signal into digital
form; a D/A converter that converts the digital control signal
into analog form; and a test signal generator that generates a
test signal for testing a device under test to which the analog
output signal is fed, wherein the test signal is the analog input
signal.

According to the present invention, a test device may
include: the test signal generation module according to the
present invention; a response analysis module that analyzes a
response of the device under test when the analog output
signal is fed; and a control unit that controls the test signal
generator based on an operation of the response analysis
module.

According to the present inventions an amplification con-
trol method for controlling an amplification unit an amplifi-
cation factor of which is controlled based on an analog control
signal, and which amplifies an analog input signal and outputs
an analog output signal, includes: a component acquisition
step that transforms, by the discrete Fourier transform, a
digital output signal converted from the analog output signal



US 7,973,599 B2

3

into digital form, thereby acquiring a desired frequency com-
ponent of the digital output signal; a differentiating step that
acquires a difference between the electric power of the fre-
quency component acquired by the component acquisition
step and a target value of the electric power of the frequency
component; and a digital control signal output step that out-
puts, based on the difference acquired by the differentiating
step, a digital control signal for controlling the amplification
factor of the amplification unit, wherein the analog control
signal is obtained by converting the digital control signal into
analog form.

The present invention is a program of instructions for
execution by the computer to perform an amplification con-
trol process for controlling an amplification unit an amplifi-
cation factor of which is controlled based on an analog control
signal, and which amplifies an analog input signal and outputs
an analog output signal, the amplification control process
including: a component acquisition step that transforms, by
the discrete Fourier transform, a digital output signal con-
verted from the analog output signal into digital form, thereby
acquiring a desired frequency component of the digital output
signal; a differentiating step that acquires a difference
between the electric power of the frequency component
acquired by the component acquisition step and a target value
of the electric power of the frequency component; and a
digital control signal output step that outputs, based on the
difference acquired by the differentiating step, a digital con-
trol signal for controlling the amplification factor of the
amplification unit, wherein the analog control signal is
obtained by converting the digital control signal into analog
form.

The present invention is a computer-readable medium hav-
ing a program of instructions for execution by the computerto
perform an amplification control process for controlling an
amplification unit an amplification factor of which is con-
trolled based on an analog control signal, and which amplifies
ananalog input signal and outputs an analog output signal, the
amplification control process including: a component acqui-
sition step that transforms, by the discrete Fourier transform,
a digital output signal converted from the analog output signal
into digital form, thereby acquiring a desired frequency com-
ponent of the digital output signal; a differentiating step that
acquires a difference between the electric power of the fre-
quency component acquired by the component acquisition
step and a target value of the electric power of the frequency
component; and a digital control signal output step that out-
puts, based on the difference acquired by the differentiating
step, a digital control signal for controlling the amplification
factor of the amplification unit, wherein the analog control
signal is obtained by converting the digital control signal into
analog form.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of an
amplification control device 10 according to a first embodi-
ment of the present invention;

FIG. 2 is a flowchart showing the operation of the first
embodiment;

FIG. 3 is a block diagram showing a configuration of the
amplification control device 10 according to the second
embodiment of the present invention;

FIG. 4 is a diagram showing setting of the number of
samples in the sample number setting unit 124 according the
second embodiment;

FIG. 5 is a flowchart showing the operation of the second
embodiment;
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FIGS. 6(a) and 6(5) show further examples of the setting of
the number N of the samples, FIG. 6(a) shows an example of
the setting of the number N of the samples as three stages, and
FIG. 6(b) shows an example in which the number N of
samples increases as the number of times of the executed DFT
increases;

FIG. 7 is a flowchart showing the operation of the third
embodiment;

FIG. 8 is a block diagram showing a configuration of the
amplification control device 10 according to the fourth
embodiment of the present invention; and

FIG. 9 is a functional block diagram showing a configura-
tion of a test device 500 provided with the amplification
system 1.

BEST MODE FOR CARRYING OUT THE
INVENTION

A description will now be given of an embodiment of the
present invention with reference to drawings.

First Embodiment

FIG. 1 is a block diagram showing a configuration of an
amplification control device 10 according to a first embodi-
ment of the present invention. The amplification control
device 10 is used to control a variable-gain amplifier (ampli-
fication means) 2.

The amplification factor or gain of the variable-gain ampli-
fier 2 is controlled based on an analog control signal. More-
over, the variable-gain amplifier 2 amplifies an analog input
signal (such as an RP (Radio Frequency) signal), and outputs
an analog output signal. It should be noted that the variable-
gain amplifier 2 is connected, via an A/D converter 4 and a
D/A converter 6, to the amplification control device 10. The
A/D converter 4 receives the analog output signal, converts
the analog output signal into digital form, and outputs a
resulting signal. The output of the A/D converter 4, namely
the signal obtained by converting the analog output signal
into digital form is referred to as digital output signal. The
D/A converter 6 outputs the analog control signal. The analog
control signal is obtained by converting a digital control sig-
nal described later into analog form. In other words, the D/A
converter 6 receives the digital control signal, converts the
digital control signal into analog form, and outputs the analog
control signal.

The analog output signal includes signals of multiple fre-
quency components. The amplification control device 10
controls the variable-gain amplifier (amplification means) 2
in order to cause a signal of a certain frequency component of
the analog output signal to maintain a constant level.

It should be noted that an amplification system 1 includes
the variable-gain amplifier 2, the A/D converter 4, the D/A
converter 6, and the amplification control device 10.

The amplification control device 10 includes component
acquisition means 12, differentiating means 14, digital con-
trol signal output means 16, a counter 18, and a power supply
19.

The component acquisition means 12 transforms the digi-
tal output signal output by the A/D converter 4 by means of
the discrete Fourier transform (DFT), thereby acquiring a
desired frequency component of the digital output signal.

The component acquisition means 12 includes a DFT unit
122 and a sample number setting unit 124.
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The DFT unit 122 transforms the digital output signal by
means of the DFT. The DFT is defined by a following equa-
tion (1).

N-1
X = an -exp(—j-2xkn/N)

n=

M

wherein X, ={X,, X, - . . , Xy, } represents a digital signal
series of the digital output signal, N denotes the sample num-
ber (number of samples) of the DFT, and k denotes a kth
frequency point when the DFT is carried out for the sample
number of N. X, denotes a result of the DFT at the frequency
point k. The DFT unit 122 receives X, ={X, X1, . . . , Xp.1 }, and
outputs X,.

When the sampling frequency of the A/D converter 4 is fs,
the result X, of the calculation of the equation (1) represents
a component at a frequency f represented by the following
equation (2).

SEENS @

For example, when the sampling frequency fs is 100 MHz,
the number N of the samples is 100, and the frequency point
k is 10, according to the equation (2), the DFT unit 122
outputs a component of 10 MHz. In this way, the DFT unit
122 transforms the digital output signal by means of the DFT,
thereby acquiring a desired frequency component (such as a
component of 10 MHz).

The sample number setting unit 124 sets the number of
samples (sample number N) used in the DFT carried out by
the DFT unit 122 of the component acquisition means 12.

According to the first embodiment, the number N of the
samples and the frequency point k are set so as to transform,
by the DFT, a signal of a frequency the level of which is to be
maintained constant out of the signals of the multiple fre-
quencies contained in the analog output signal. For example,
if it is desired to maintain the level of the component of 10
MHz of the analog output signal constant, the number N of
the samples is set to 100, and the frequency points k is set to
10 (when the sampling frequency fs is 100 MHz).

The differentiating means 14 acquires a difference between
the electric power of the frequency component acquired by
the component acquisition means 12 and a target value of the
electric power of the frequency component. The differentiat-
ing means 14 includes an electric power calculation unit 142,
a target value setting unit 144, and a subtractor 146.

The electric power calculation unit 142 calculates the elec-
tric power of the frequency component acquired by the com-
ponent acquisition means 12. Specifically, the electric power
calculation unit 142 calculates a sum of respective squares of
the real part and the imaginary part of the output X, of the
DFT unit 122. The target value setting unit 144 sets the target
value of the electric power of the frequency component. The
subtractor 146 subtracts an output (the target value of the
electric power of the frequency component) of the target
value setting unit 144 from an output (the electric power of the
frequency component acquired by the component acquisition
means 12) of the electric power calculation unit 142.

The digital control signal output means 16 outputs a digital
control signal, based on the difference obtained by the difter-
entiating means 14, for controlling the amplification factor of
the variable-gain amplifier 2. The digital control signal output
means 16 includes a multiplier 162, an adder 164, a flip-flop
(control signal recording means) 166.
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The multiplier 162 multiplies the difference obtained by
the differentiating means 14 (output from the subtractor 146)
by a predetermined constant, and outputs the multiplied sig-
nal.

The adder 164 adds data recorded in the flip-flop 166 and
the output from the multiplier 162 to each other, and feeds the
sum to the flip-flop 166, thereby recording the sum in the
flip-flop 166.

The flip-flop (control signal recording means) 166 outputs
the data (“digital control signal”’) recorded by itselfto the D/A
converter 6 and the adder 164. It should be noted that 0 (zero)
is recorded in the flip-flop 166 before the flip-flop 166
receives the output from the adder 164. Moreover, when the
record in the flip-flop 166 is rewritten, a signal indicating the
rewrite of the record in the flip-flop 166 is fed to the counter
18.

It should be noted that the digital control signal fed to the
D/A converter 6 is converted by the D/A converter 6 into
analog form as the analog control signal. The analog control
signal controls the amplification factor or gain of the variable-
gain amplifier 2. For example, if the output of the subtractor
146 is positive, the amplification factor or gain of the variable-
gain amplifier 2 is to be decreased. If the output of the sub-
tractor 146 is negative, the amplification factor or gain of the
variable-gain amplifier 2 is to be increased. The control of the
amplification factor or gain of the variable-gain amplifier 2
according to the analog control signal is widely known, and a
detailed description thereof is, therefore, omitted.

The counter 18 initially sets the number of times m which
the component acquisition means 12, the differentiating
means 14, and the digital control signal output means 16
repeat the above operations. Then, the counter 18, upon
receiving the signal indicating the rewrite of the record in the
flip-flop 166 from the flip-flop 166, decrements m by one at a
time. Then, if m has reached 0 (zero), the counter 18 feeds a
signal indicating an end of operation to the power supply 19.

The power supply 19 is a power supply for entire the
amplification control device 10. The power supply 19, upon
receiving the signal indicating the end of operation from the
counter 18, stops the supply of the electric power for the entire
amplification control device 10. As a result, the operation of
the amplification control device 10 ends.

A description will now be given of an operation of the first
embodiment with reference to a flowchart in FIG. 2. FIG. 2 is
a flowchart showing the operation of the first embodiment.

First, the number m of iterations is set to the counter 19
(S10). The number m is a positive integer.

Further, the analog input signal is fed to the variable-gain
amplifier 2. The variable-gain amplifier 2 amplifies the ana-
log input signal, and outputs the analog output signal. The
analog output signal is converted by the A/D converter 4 into
the digital output signal. The digital output signal is fed to the
DFT unit 122 of the component acquisition means 12.

The DFT unit 122 transforms the digital output signal by
means of the discrete Fourier transform (DFT) (S12). As a
result, the desired frequency component of the digital output
signal is acquired.

The differentiating means 14 receives the frequency com-
ponent acquired by the DFT unit 122 of the component acqui-
sition means 12, and calculates the electric power thereof in
the electric power calculation unit 142. Then, the subtractor
146 subtracts the output of the target value setting unit 144
(namely the target value of the electric power of the frequency
component) from the output of the electric power calculation
unit 142, thereby acquiring a difference therebetween (S14).

The digital control signal output means 16 receives the
difference from the subtractor 146 of the differentiating
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means 14, and multiplies the difference by the predetermined
constant in the multiplier 162. The output from the multiplier
162 is added to the data recorded in the flip-flop 166 by the
adder 164. The output from the adder 164 is written to the
flip-flop 166. The flip-flop 166 records the written data. The
data (digital control signal) recorded in the flip-flop 166 is
output to the D/A converter 6 (S16). The D/A converter 6
receives the digital control signal, and outputs the analog
control signal. The variable-gain amplifier 2 receives the ana-
log control signal, and the amplification factor or gain of the
variable-gain amplifier 2 is thus controlled.

Further, the flip-flop 166 feeds the signal indicating that the
record in the flip-flop 166 has been rewritten to the counter 18.
The counter 18, upon receiving this signal, decrements in by
one (S18). Then, the counter 18 determines whether m has
reached 0 (zero) or not (S20).

If m has not reached 0 (“NO” in S20), the processing
returns to the DFT (S12). As a result, the DFT (S12), the
differentiation (S14), and the output of the digital control
signal (S16) are repeated. The digital control signal is con-
verted by the D/A converter 6 into the analog control signal,
the analog control signal is fed to the variable-gain amplifier
2, and the amplification factor or gain of the variable-gain
amplifier 2 is controlled. While the control of the amplifica-
tion factor or gain of the variable-gain amplifier 2 is being
repeated, the level of the signal of the desired frequency
component of the analog output signal converges.

When m has reached 0 (“YES” in S20), the counter 18
transmits the stop signal to the power supply 19, the electric
power supply is stopped, and the processing ends.

It is understood from the above description that the DFT
(812), the differentiation (S14), and the output of the digital
control signal (S16) are repeated m times in the amplification
control device 10.

It should be noted that setting m to infinite may be permit-
ted. In this case, until a user of the amplification control
device 10 stops the supply of the electric power by the power
supply 19, the DFT (S12), the differentiation (S14), and the
output of the digital control signal (S16) are repeated.

According to the first embodiment of the present invention,
only the signal of the desired frequency component can be
extracted by the DFT unit 122 of the component acquisition
means 12. Thus, ifthe analog output signal contains signals of
multiple frequency components, it is possible to control the
amplification factor or gain of the variable-gain amplifier 2
such that the level of the signal of a certain frequency com-
ponent is constant.

Second Embodiment

The amplification control device 10 according to the sec-
ond embodiment of the present invention is different from
that of the first embodiment in that the number of samples
(sample number N) changes according to the count of the
counter 18.

FIG. 3 is a block diagram showing a configuration of the
amplification control device 10 according to the second
embodiment of the present invention. The variable-gain
amplifier 2, the A/D converter 4, and the D/A converter 6 are
the same as those of the first embodiment, and a description
thereof is, therefore, omitted. The amplification control
device 10 includes the component acquisition means 12, the
differentiating means 14, the digital control signal output
means 16, the counter 18, and the power supply 19. In the
following section, the same components are denoted by the
same numerals as of the first embodiment, and will be
explained in no more details.
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The DFT unit 122, the differentiating means 14, the digital
control signal output means 16, and the power supply 19 of
the component acquisition means 12 are the same as those of
the first embodiment, and a description thereof is, therefore,
omitted.

A sample number setting unit 124 of the component acqui-
sition means 12 sets the number of the samples such that the
number of the samples (sample number N) in (P+1)” DFT
carried out by the DFT unit 122 of the component acquisition
means 12 can be larger than the number of the samples
(sample number N) in P” DFT. It should be noted that the
number P is a positive integer.

It should be noted that P may be a predetermined value. For
example, P may be set to 10. In this case, if the number of
times of the DFT carried out by the DFT unit 122 of the
component acquisition means 12 exceeds a predetermined
number of times (10 times), the number of samples is
increased.

FIG. 4 is a diagram showing setting of the number of
samples in the sample number setting unit 124 according the
second embodiment. It should be noted that the number of
times m of the iterations of the DFT is 20. First, when the
number of times of the executed DFT is 1 to 10, the number N
of the samples is 100. When the number of times of the
executed DFT is 11 to 20, the number N of the samples is 200.
It should be noted that cases for the numbers of times of the
operation of the DFT being 1, 10, 11, and 20 are shown in
FIG. 4, and cases for the other numbers of times are omitted.

Moreover, the frequency of the component acquired by the
DFT unit 122 is maintained constant by increasing the num-
ber N of the samples, and simultaneously increasing the fre-
quency point k. When the number N of the samples is 100, and
the frequency point k is 10, if the number N of the samples is
increased to 200, as described above, k is simultaneously
increased from 10 to 20. As a result, the frequency of the
component acquired by the DFT unit 122 can be maintained
constant (refer to the equation (2)).

As the number of times of the executed DFT increases as 1,
2,3, ..., the counter 18 decrements m by one at a time, and
m thus decreases as 20, 19, 18, . .. . When the number of times
ofthe executed DFTis 10, mis 11, and when the numberis 11,
m is 10. On this occasion, it is assumed that the value of m
immediately after the number of the samples has been
changed (the number of times of the executed DFT is 11) is
M (=10). M is obtained as m-P.

The counter 18 operates as in the first embodiment. When
m has reached M, the counter 18 supplies the sample number
setting unit 124 with a signal indicating that the number of
samples is to be changed.

A description will now be given of an operation of the
second embodiment with reference to a flowchart in FIG. 5.
FIG. 5 is a flowchart showing the operation of the second
embodiment.

First, the number m of iterations is set to the counter 19
(S10). The number m is a positive integer.

Further, the analog input signal is fed to the variable-gain
amplifier 2. The variable-gain amplifier 2 amplifies the ana-
log input signal, and outputs the analog output signal. The
analog output signal is converted by the A/D converter 4 into
the digital output signal. The digital output signal is fed to the
DFT unit 122 of the component acquisition means 12.

The DFT unit 122 transforms the digital output signal by
means of the discrete Fourier transform (DFT) (S12). As a
result, the desired frequency component of the digital output
signal is acquired.

The differentiating means 14 receives the frequency com-
ponent acquired by the DFT unit 122 of the component acqui-
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sition means 12, and calculates the electric power thereof in
the electric power calculation unit 142. Then, the subtractor
146 subtracts the output of the target value setting unit 144
(namely the target value of the electric power of the frequency
component) from the output of the electric power calculation
unit 142, thereby acquiring a difference therebetween (S14).

The digital control signal output means 16 receives the
difference from the subtractor 146 of the differentiating
means 14, and multiplies the difference by the predetermined
constant in the multiplier 162. The output from the multiplier
162 is added to the data recorded in the flip-flop 166 by the
adder 164. The output from the adder 164 is written to the
flip-flop 166. The flip-flop 166 records the written data. The
data (digital control signal) recorded by the flip-flop 166 is
output to the D/A converter 6 (S16). The D/A converter 6
receives the digital control signal, and outputs the analog
control signal. The variable-gain amplifier 2 receives the ana-
log control signal, and the amplification factor or gain of the
variable-gain amplifier 2 is controlled.

Further, the flip-flop 166 feeds the signal indicating that the
record in the flip-flop 166 has been rewritten to the counter 18.
The counter 18, upon receiving this signal, decrements m by
one (S18).

Then, the counter 18 determines whether m has reached M
or not (S19qa). If m has reached M (“YES” in S19a), the
counter 18 supplies the sample number setting unit 124 with
the signal indicating that the number of samples is to be
changed. Then, the sample number setting unit 124 changes
the number of the samples (S195). Then, the counter 18
determines whether m has reached 0 (zero) or not (S20). If m
has not reached M (“NO” in S19a), namely m is not equal to
M, the counter 18 determines whether m has reached 0 (zero)
or not (S20).

Referring to the example in FIG. 4, when m is 20, 19, . . .,
11 (the number of times of the executed DFT is 1,2, ..., 10),
m has not reached M (=10) “NO” in S19a), and the number of
the samples (100) is thus not changed (S196). When m has
reached 10 (the number of times of the executed DFT is 11),
since m has reached M (“YES” in 194a), the number of the
samples is changed (S195). In the case in FIG. 4, the number
of'the samples becomes 200. Subsequently, since the changed
number of the samples (200) is used when the DFT is carried
out (11th time), when the number of times of the executed
DFTis 11,12, . .., 20, the changed number of the samples
(200) is used.

If m has not reached 0 (“NO” in S20), the processing
returns to the DFT (S12). As a result, the DFT (S12), the
differentiation (S14), and the output of the digital control
signal (S16) are repeated. The digital control signal is con-
verted by the D/A converter 6 into the analog control signal,
the analog control signal is fed to the variable-gain amplifier
2, and the amplification factor or gain of the variable-gain
amplifier 2 is controlled. While the control of the amplifica-
tion factor or gain of the variable-gain amplifier 2 is being
repeated, the level of the signal of the desired frequency
component of the analog output signal converges.

When m has reached 0 (“YES” in S20), the counter 18
transmits the stop signal to the power supply 19, the electric
power supply is stopped, and the processing ends.

It is understood from the above description that the DFT
(812), the differentiation (S14), and the output of the digital
control signal (S16) are repeated m times in the amplification
control device 10.

It should be noted that setting m to infinite may be permit-
ted. In this case, until a user of the amplification control
device 10 stops the supply of the electric power by the power
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10
supply 19, the DFT (S12), the differentiation (S14), and the
output of the digital control signal (S16) are repeated.

According to the second embodiment, there are obtained
effects as those of the first embodiment. Moreover, when the
number of times of the executed DFT is small, the number N
of'the samples is set to a smaller number, thereby increasing
the speed of the calculation. Further, as the number of times of
the executed DFT has become large, the level of the signal of
the desired frequency component has converged, and the
number N of the samples is increased to increase the precision
of the calculation. Thus, high-speed and precise DFT, there-
fore high-speed and precise control of the variable-gain
amplifier 2 can be carried out.

It should be noted that the setting of the number N of the
sample is not limited to the example shown in FIG. 4 in which
the number N of the samples is set as two stages. FIGS. 6(a)
and 6(b) show further examples of the setting of the number
N of the samples.

FIG. 6(a) shows an example of the setting of the number N
of the samples as three stages. It should be noted that the
number of times m of the iterations of the DFT is 30. First,
when the number of times of the executed DFT is 1 to 10, the
number N of the samples is 100. When the number of times of
the executed DFT is 11 to 20, the number N of the samples is
150. When the number of times of the executed DFT is 21 to
30, the number N ofthe samples is 200. It should be noted that
cases for the numbers of times of the operation of the DFT
being 1, 10, 11, 20, 21, and 30 are shown in FIG. 6(a), and
cases for the other numbers of times are omitted.

In the example shown in FIG. 6(a), the number of samples
(sample number N) for the 11th DFT is larger than the number
of' samples (sample number N) for the 10th DFT. Further, the
number of samples (sample number N) for the 21st DFT is
larger than the number of samples (sample number N) for the
20th DFT.

FIG. 6(b) shows an example in which the number N of
samples increases as the number of times of the executed DFT
increases. It should be noted that the number of times m of the
iterations of the DFT is 11. When the number of times of the
executed DFT is T, the number N of samples is represented as:
N=100+10(T-1). It should be noted that cases for the num-
bers of times of the operation of the DFT being 1, 2, 10, and
11 are shown in FIG. 6(b), and cases for the other numbers of
times are omitted.

In the example shown in FIG. 6(b), the number of samples
(sample number N) for the (Y+1)” DFT is larger than the
number of samples (sample number N) for the Y* DFT (Y is
a positive integer from 1 to 10).

There has been given a description that the sample number
setting unit 124 of the component acquisition means 12 sets
the number of samples such that the number of samples
(sample number N) in (P+1)” DFT carried out by the DFT
unit 122 of the component acquisition means 12 can be larger
than the number of samples (sample number N) in P” DFT (P
is a positive integer).

In this case, P is not a number determined in advance. For
example, the number of samples may be set according to how
much the level of a desired frequency component of the
analog output signal has been converged. More specifically,
when the absolute value of the output of the subtractor 146
becomes equal to or less than a predetermined value, the
number of samples can be increased. For example, it is
assumed that, until the number of times of the executed DFT
becomes 15, the absolute value of the output of the subtractor
146 is exceeding the predetermined value, and when the
number of times of the executed DFT becomes 16, the output
of the subtractor 146 becomes equal to or less than the pre-
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determined value. In this case, when the number of times of
the DFT carried out by the DFT unit 122 of the component
acquisition means 12 exceeds 15, the number of the samples
is increased.

In this case, since it is unknown how many times the DFT
is repeated until the absolute value of the output of the sub-
tractor 146 becomes equal to or less than the predetermined
value before the operation of the amplification control device
10, P cannot be determined in advance. However, it is con-
sidered that the number of samples (sample number N) for the
(P+1)” (=16") DFT executed by the DFT unit 122 of the
component acquisition means 12 is larger than the number of
samples (sample number N) for the P (=15*) DFT.

Third Embodiment

Though the amplification control device 10 according to
the third embodiment of the present invention has the same
configuration as that of the first and second embodiments, the
third embodiment is different in that the digital control signal
is recorded in the flip-flop 166 before the amplification con-
trol device 10 is used.

Since the configuration of the amplification control device
10 according to the third embodiment of the present invention
is the same as that of the first and second embodiments, a
description thereof is, therefore, omitted.

A description will now be given of an operation of the third
embodiment with reference to a flowchart in FIG. 7. FIG. 7 is
a flowchart showing the operation of the third embodiment.

First, when the amplification control device 10 is delivered
from a factory manufacturing the amplification control device
10, an appropriate control signal is acquired (S100).

It should be noted that the appropriate control signal is a
digital control signal which provides a desired analog output
signal when a predetermined analog input signal is fed to the
variable-gain amplifier 2. In this regard, however, the desired
analog output signal is an analog output signal containing
signals of multiple frequency components, the level of a
signal of a desired frequency component out of the multiple
frequency components being a constant desired value.

The appropriate control signal is stored in the flip-flop
(control signal recording means) 166 when the predetermined
analog input signal is fed to the variable-gain amplifier 2, and
the desired analog output signal is obtained (referred to as
“desired state”). Then, it is possible to acquire the appropriate
control signal by reading out the record in the flip-flop 166 in
the desired state. It should be noted that the desired state can
be realized by feeding the predetermined analog input signal
to the variable-gain amplifier 2, and operating the amplifica-
tion control device 10 as described according to the first
embodiment. The operation of the amplification control
device 10 on this occasion is similar to that of the first embodi-
ment, and hence a description thereof is omitted.

After the appropriate control signal is acquired (S100), the
amplification control device 10 is delivered, and the amplifi-
cation control device 10 is passed into the hands of a user. The
amplification control device 10 is used by the user.

When the amplification control device 10 is used, the
appropriate control signal is first recorded in the flip-flop 166
of the amplification control device 10 (S202). For example,
the appropriate control signal acquired upon the delivery
from the factory is written to the flip-flop 166. Then, the
appropriate control signal is converted by the D/A converter 6
into the analog control signal, and the analog control signal is
fed to the variable-gain amplifier 2 (S204). On this occasion,
the amplification factor (or gain) of the variable-gain ampli-
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fier 2 is an amplification factor (or gain) of the variable-gain
amplifier 2 in the desired state.

Then, the predetermined analog input signal is input to the
variable-gain amplifier 2 (S206). Since the amplification fac-
tor (or gain of the variable-gain amplifier 2 has become the
amplification factor (or gain) of the variable-gain amplifier 2
in the desired state, the desired analog output signal is
acquired (S208).

It should be noted that, after the desired state is realized
when the appropriate control signal is acquired (S100), and
before the desired analog output signal is acquired again
(S208), the appropriate control signal is recorded in the flip-
flop 166 (S5202).

According to the third embodiment of the present inven-
tion, when the appropriate control signal has been acquired in
the desired state (S100), the desired analog output signal can
be acquired at ahigh speed, since it is not necessary to operate
the component acquisition means 12 and the differentiating
means 14, but it is only necessary to operate the flip-flop 166
and the D/A converter 16, in order to acquire the desired
analog output signal again (S208).

Though there has been given the description that the acqui-
sition of the appropriate control signal (S100) is carried out
upon the delivery from the factory, a user may acquire the
appropriate control signal.

Moreover, though there has been given the description that
the acquisition of the appropriate control signal (S100) is
realized by operating the amplification control device 10 as
described in the first embodiment, the appropriate control
signal may be calculated and acquired based on the predeter-
mined analog input signal and the desired analog output sig-
nal without operating the amplification control device 10. It
should be noted that, whether the appropriate control signal is
acquired by the calculation or by realizing the desired state,
the both cases make no difference to the fact that, before the
desired analog output signal is acquired (S208), the appropri-
ate control signal is recorded in the flip-flop 166 (S202).

Fourth Embodiment

The amplification control device 10 according to the fourth
embodiment of the present invention is constructed by adding
frequency lowering means 20 to the amplification control
device 10 of the first embodiment.

FIG. 8 is a block diagram showing a configuration of the
amplification control device 10 according to the fourth
embodiment of the present invention. The amplification con-
trol device 10, the variable-gain amplifier 2, and the D/A
converter 6 are the same as those of the first embodiment, and
a description thereof is, therefore, omitted.

The frequency lowering means 20 lowers the frequency of
the analog output signal. The frequency lowering means 20
includes a local oscillator 22, a mixer 24, and a band-pass
filter 26. The local oscillator 22 generates a local signal. The
mixer 24 mixes the local signal and the analog output signal
by multiplying them by each other. The band-pass filter 26 is
a filter for passing a signal in a predetermined band for
extracting a signal which is obtained by lowering the fre-
quency of the analog output signal (signal in a lower side-
band) from an output of the mixer 24.

The A/D converter 4 converts the output (signal obtained
by lowering the frequency of the analog output signal) of the
band-pass filter 26 of the frequency lowering means 20 into
digital form, and outputs the digital output signal.

An operation of the fourth embodiment is the same as that
of'the first embodiment. However, the operation of the fourth
embodiment is different from the operation of the first
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embodiment in that the frequency of the analog output signal
is lowered by the frequency lowering means 20 and the analog
output signal is then fed to the A/D converter 4.

The amplification control device 10 processes the digital
signals, and it is thus hard for the amplification control device
10 to process a signal at a high frequency. However, according
to the fourth embodiment, even if the frequency of the analog
output signal is high, since the frequency lowering means 20
lowers the frequency, the amplification control device 10 can
apply the digital processing. As a result, even if the frequency
of'the analog output signal is high, the fourth embodiment can
provide the same effects as of the first embodiment.

It should be noted that the configuration according to the
fourth embodiment, namely the configuration that the fre-
quency lowering means 20 is provided before the A/D con-
verter 4, can be applied to the amplification control device 10
according to the second and third embodiments.

It should be noted that a test device can be constructed by
the amplification system 1 (FIGS. 1, 3, and 8) provided with
the amplification control device 10. FIG. 9 is a functional
block diagram showing a configuration of a test device 500
provided with the amplification system 1.

The test device 500 is a device which includes a test signal
generation module 100, a response analysis module 200, and
a control unit 400, and tests a device under test (DUT) 300.

An analog output signal is fed to the DUT 300 from the
amplification system 1. When the analog output signal is fed,
a response is output from the DUT 300.

The test signal generation module 100 includes the ampli-
fication system 1 and a test signal generator 102. The ampli-
fication system 1 includes the variable-gain amplifier 2, the
A/D converter 4, the D/A converter 6, and the amplification
control device 10. The amplification system 1 is the same as
that of the above-described embodiments, and hence a
detailed description thereof is omitted. The test signal gen-
erator 102 generates a test signal for testing the DUT 300. The
test signal serves as the analog input signal fed to the ampli-
fication system 1.

The response analysis module 200 analyzes a response
from the DUT 300. Contents of the analysis are the same as
those of widely known test devices, and hence a detailed
description is omitted. For example, the response analysis
module 200 obtains a power of a frequency component con-
tained in the response from the DUT 300.

The control unit 400 controls the test signal generator 102
based on the operation of the response analysis module 200.
The operation of the control unit 400 is the same as those of
widely known test devices, and hence a detailed description is
omitted. For example, the control unit 400, upon receiving a
signal indicating that the analysis has been finished from the
response analysis module 200, causes the test signal genera-
tor 102 to generate a new test signal.

In the example shown in FIG. 9, one set of the test signal
generation module 100 and the response analysis module 200
is connected to the control unit 400. However, multiple sets of
the test signal generation module 100 and the response analy-
sis module 200 are generally connected to the control unit
400. Moreover, the test signal generation module 100 and the
response analysis module 200 can be integrated into a single
module.

Moreover, the above-described embodiment may be real-
ized in the following manner. A computer is provided with a
CPU, a hard disk, and a media (such as a floppy disk (regis-
tered trade mark) and a CD-ROM) reader, and the media
reader is caused to read a medium recording a program real-
izing the above-described respective components (such as the
component acquisition means 12, the differentiating means
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14, the digital control signal output means 16, and the counter
18 of the amplification control device 10), thereby installing
the program on the hard disk. This method may also realize
the above-described functions.

The invention claimed is:

1. An amplification control device for controlling an ampli-
fier, an amplification factor of which is controlled based on an
analog control signal, and which amplifies an analog input
signal and outputs an analog output signal, comprising:

a component acquirer that transforms, by the discrete Fou-
rier transform, a digital output signal converted from the
analog output signal into digital form, thereby acquiring
a desired frequency component of the digital output
signal;

a differentiator that acquires a difference between the elec-
tric power of the frequency component acquired by the
component acquirer and a target value of the electric
power of the frequency component; and

a digital control signal outputter that outputs, based on the
difference acquired by the differentiator, a digital con-
trol signal for controlling the amplification factor of the
amplifier,

wherein the analog control signal is obtained by converting
the digital control signal into analog form,

wherein the digital control signal outputter comprises a
control signal recorder that records the digital control
signal,

wherein the control signal recorder records, before a
desired analog output signal is obtained, an appropriate
control signal which is the digital control signal causing
the desired analog output signal to be obtained when a
predetermined analog input signal is fed to the amplifier,
and

wherein the appropriate control signal is calculated based
on the predetermined analog input signal and the desired
analog output signal.

2. The amplification control device according to claim 1,
comprising a sample number setter that sets the number of
samples used in the discrete Fourier transform carried out by
the component acquirer,

wherein the sample number setter sets the number of the
samples, such that the number of samples in (P+1)*
discrete Fourier transform carried out by the component
acquirer can be larger than the number of samples in P*
discrete Fourier transform, where P is a positive integer.

3. The amplification control device according to claim 2,
wherein the sample number setter increases the number of
samples when the number of times of the discrete Fourier
transform carried out by the component acquirer exceeds a
predetermined number of times.

4. The amplification control device according to claim 1,
wherein the digital output signal is obtained by lowering the
frequency of the analog output signal, and converting the
resulting signal into digital form.

5. A test signal generation module comprising:

the amplification control device according to claim 1;

the amplifier;

an A/D converter that converts the analog output signal into
digital form;

a D/A converter that converts the digital control signal into
analog form; and

atest signal generator that generates a test signal for testing
a device under test to which the analog output signal is
fed,

wherein the test signal is the analog input signal.
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6. A test device comprising:

the test signal generation module according to claim 5;

a response analysis module that analyzes a response of the
device under test when the analog output signal is fed;
and

a controller that controls the test signal generator based on
an operation of the response analysis module.

7. An amplification control method for controlling an
amplifier, an amplification factor of which is controlled based
on an analog control signal, and which amplifies an analog
input signal and outputs an analog output signal, comprising:

component acquiring that transforms, by the discrete Fou-
rier transform, a digital output signal converted from the
analog output signal into digital form, thereby acquiring
a desired frequency component of the digital output
signal;

differentiating that acquires a difference between the elec-
tric power of the frequency component acquired by the
component acquiring and a target value of the electric
power of the frequency component; and

digital control signal outputting that outputs, based on the
difference acquired by the differentiating, a digital con-
trol signal for controlling the amplification factor of the
amplifier,

wherein the analog control signal is obtained by converting
the digital control signal into analog form,

wherein the digital control outputting comprises recording
the digital control signal in a control signal recorder,

wherein the control signal recorder records, before a
desired analog output signal is obtained, an appropriate
control signal which is the digital control signal causing
the desired analog output signal to be obtained when a
predetermined analog input signal is fed to the amplifier,
and

wherein the appropriate control signal is calculated based
on the predetermined analog input signal and the desired
analog output signal.

8. A computer-readable medium having a program of
instructions for execution by a computer to perform an ampli-
fication control process for controlling an amplifier, an ampli-
fication factor of which is controlled based on an analog
control signal, and which amplifies an analog input signal and
outputs an analog output signal, said amplification control
process comprising:

component acquiring that transforms, by the discrete Fou-
rier transform, a digital output signal converted from the
analog output signal into digital form, thereby acquiring
a desired frequency component of the digital output
signal;

differentiating that acquires a difference between the elec-
tric power of the frequency component acquired by the
component acquiring and a target value of the electric
power of the frequency component; and

digital control signal outputting that outputs, based on the
difference acquired by the differentiating, a digital con-
trol signal for controlling the amplification factor of the
amplifier,

wherein the analog control signal is obtained by converting
the digital control signal into analog form,

wherein the digital control outputting comprises recording
the digital control signal in a control signal recorder,

wherein the control signal recorder records, before a
desired analog output signal is obtained, an appropriate
control signal which is the digital control signal causing
the desired analog output signal to be obtained when a
predetermined analog input signal is fed to the amplifier,
and
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wherein the appropriate control signal is calculated based
on the predetermined analog input signal and the desired
analog output signal.

9. An amplification control device for controlling an ampli-
fier, an amplification factor of which is controlled based on an
analog control signal, and which amplifies an analog input
signal and outputs an analog output signal, comprising:

a component acquirer that transforms, by the discrete Fou-
rier transform, a digital output signal converted from the
analog output signal into digital form, thereby acquiring
a desired frequency component of the digital output
signal;

a differentiator that acquires a difference between the elec-
tric power of the frequency component acquired by the
component acquirer and a target value of the electric
power of the frequency component; and

a digital control signal outputter that outputs, based on the
difference acquired by the differentiator, a digital con-
trol signal for controlling the amplification factor of the
amplifier,

wherein the analog control signal is obtained by converting
the digital control signal into analog form,

wherein the digital control signal outputter comprises a
control signal recorder that records the digital control
signal,

wherein the control signal recorder records, before a
desired analog output signal is obtained, an appropriate
control signal which is the digital control signal causing
the desired analog output signal to be obtained when a
predetermined analog input signal is fed to the amplifier,

wherein the appropriate control signal is recorded in the
control signal recorder in a state in which the predeter-
mined analog input signal is fed to the amplifier, and the
desired analog output signal is obtained, and

wherein the control signal recorder records the appropriate
control signal before the desired analog output signal is
obtained again after the state.

10. The amplification control device according to claim 9,
comprising a sample number setter that sets the number of
samples used in the discrete Fourier transform carried out by
the component acquirer,

wherein the sample number setter sets the number of the
samples, such that the number of samples in (P+1)*
discrete Fourier transform carried out by the component
acquirer can be larger than the number of samples in P*
discrete Fourier transform, where P is a positive integer.

11. The amplification control device according to claim 10,
wherein the sample number setter increases the number of
samples when the number of times of the discrete Fourier
transform carried out by the component acquirer exceeds a
predetermined number of times.

12. The amplification control device according to claim 9,
wherein the digital output signal is obtained by lowering the
frequency of the analog output signal, and converting the
resulting signal into digital form.

13. A test signal generation module comprising:

the amplification control device according to claim 9;

the amplifier;

an A/D converter that converts the analog output signal into
digital form;

a D/A converter that converts the digital control signal into
analog form; and

atest signal generator that generates a test signal for testing
a device under test to which the analog output signal is
fed,

wherein the test signal is the analog input signal.
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14. A test device comprising:

the test signal generation module according to claim 13;

a response analysis module that analyzes a response of the

device under test when the analog output signal is fed;
and

a controller that controls the test signal generator based on

an operation of the response analysis module.

15. An amplification control method for controlling an
amplifier, an amplification factor of which is controlled based
on an analog control signal, and which amplifies an analog
input signal and outputs an analog output signal, comprising:

component acquiring that transforms, by the discrete Fou-

rier transform, a digital output signal converted from the
analog output signal into digital form, thereby acquiring
a desired frequency component of the digital output
signal;

differentiating that acquires a difference between the elec-

tric power of the frequency component acquired by the
component acquiring and a target value of the electric
power of the frequency component; and

digital control signal outputting that outputs, based on the

difference acquired by the differentiating, a digital con-
trol signal for controlling the amplification factor of the
amplifier,

wherein the analog control signal is obtained by converting

the digital control signal into analog form,

wherein the digital control outputting comprises recording

the digital control signal in a control signal recorder,
wherein the control signal recorder records, before a
desired analog output signal is obtained, an appropriate
control signal which is the digital control signal causing
the desired analog output signal to be obtained when a
predetermined analog input signal is fed to the amplifier,

wherein the appropriate control signal is recorded in the
control signal recorder in a state in which the predeter-
mined analog input signal is fed to the amplifier, and the
desired analog output signal is obtained, and

wherein the control signal recorder records the appropriate

control signal before the desired analog output signal is
obtained again after the state.
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16. A computer-readable medium having a program of
instructions for execution by a computer to perform an ampli-
fication control process for controlling an amplifier, an ampli-
fication factor of which is controlled based on an analog
control signal, and which amplifies an analog input signal and
outputs an analog output signal, said amplification control
process comprising:

component acquiring that transforms, by the discrete Fou-

rier transform, a digital output signal converted from the
analog output signal into digital form, thereby acquiring
a desired frequency component of the digital output
signal;

differentiating that acquires a difference between the elec-

tric power of the frequency component acquired by the
component acquiring and a target value of the electric
power of the frequency component; and

digital control signal outputting that outputs, based on the

difference acquired by the differentiating, a digital con-
trol signal for controlling the amplification factor of the
amplifier,

wherein the analog control signal is obtained by converting

the digital control signal into analog form,

wherein the digital control outputting comprises recording

the digital control signal in a control signal recorder,
wherein the control signal recorder records, before a
desired analog output signal is obtained, an appropriate
control signal which is the digital control signal causing
the desired analog output signal to be obtained when a
predetermined analog input signal is fed to the amplifier,

wherein the appropriate control signal is recorded in the
control signal recorder in a state in which the predeter-
mined analog input signal is fed to the amplifier, and the
desired analog output signal is obtained, and

wherein the control signal recorder records the appropriate

control signal before the desired analog output signal is
obtained again after the state.



