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(54) METHOD AND APPARATUS FOR DETECTING KEY

(57) A method and an apparatus for detecting a key
are provided. The method comprises: detecting the key
to obtain a key signal (S11); sampling the key signal with
a variable frequency; and outputting a control signal
when the number of times of sampling the key effective
signal in a pre-set time range reaches or exceeds a pre-
set number (S12), wherein sampling with the variable
frequency means that the sampling frequency is gradu-

ally increases from a first frequency to a second frequen-
cy, then gradually reduced from the second frequency to
the first frequency, and the gradual increasing and re-
ducing processes are repeated, moreover, the sampling
frequency stays for a pre-set time in each frequency. The
method and the apparatus for detecting the key reduce
the probability of key detection being interfered by exter-
nal signals.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to Chi-
nese patent application No. 201010515086.3, filed on
September 30, 2010, and entitled "METHOD AND AP-
PARATUS FOR DETECTING KEY", and the entire dis-
closure of which is incorporated herein by reference.

FIELD OF THE DISCLOSURE

[0002] The present disclosure generally relates to
electronic technology, and more particularly, to a key de-
tection method and apparatus.

BACKGROUND

[0003] At present, a variety of keys have been widely
used in electronic products. The successful key detection
rate may have a direct effect on electronic products. Key
detection generally includes detecting an operation on a
key and determining whether the key is pressed.
[0004] The existing key detection methods mainly in-
clude following steps: detecting a key to obtain a key
signal; sampling the key signal with a fixed frequency;
and outputting a control signal when the sampling times
for an effective key signal in a predetermined time span
reach or exceed a predetermined value.
[0005] In the existing methods, a false key triggering
rate and a miss key detection rate increases and a suc-
cessful key detection rate decreases if there is any inter-
ference of environment, such as noise from mobile
phones or other electric appliances.

SUMMARY

[0006] The present disclosure provides a key detection
method to increase the successful key detection rate.
[0007] The key detection method may include follow-
ing steps: detecting a key to  obtain a key signal; sampling
the key signal at varying frequencies; and outputting a
control signal when the sampling times for an effective
key signal in a predetermined time span reach or exceed
a predetermined value, where the sampling frequency
varies from a first frequency increasing to a second fre-
quency and then from the second frequency decreasing
to the first frequency, the increasing and decreasing sam-
pling processes are performed repeatedly, and the sam-
pling may stay in each frequency point for a predeter-
mined time.
[0008] Optionally, the sampling is performed in 1 unit
of frequency increasingly or decreasingly.
[0009] Optionally, the key may be a capacitive touch-
key.
[0010] Optionally, the key may be an air key or a con-
tact key.
[0011] Optionally, detecting the key to obtain the key

signal may include: detecting a charge change amount
in a capacitance in the key; and obtaining the key signal,
where the key signal may be a digital signal correspond-
ing to the charge change amount in the capacitance.
[0012] Optionally, sampling an effective key signal
may include: sampling a key signal; and determining a
sampled key signal to be an effective one when numerical
value of the sampled key signal is greater than a thresh-
old of the charge change amount.
[0013] Optionally, the predetermined time span may
be 3ms, the predetermined value may be 80, the first
frequency may be 80KHz, the second frequency may be
120KHz, the predetermined time may be 5ms, and the 1
unit of frequency may be 1KHz.
[0014] Optionally, the key detection method further in-
cludes: receiving external signals; and when the frequen-
cy of an external signal is between the first frequency
and the second frequency, generating a trigger signal
which is used to trigger the key detection process.
[0015] Optionally, receiving external signals may in-
clude: receiving external signals at hopping frequencies,
where receiving at hopping frequencies includes receiv-
ing external signals whose frequencies are equal to hop-
ping frequency points, the hopping frequency increases
from a third frequency to a fourth frequency, then de-
creases from the fourth frequency to the third frequency,
and so the cycle to repeat, the frequency points in the
increasing process are different from those in the de-
creasing process, and the third frequency is less than
the first frequency and the fourth frequency is greater
than the second frequency.
[0016] Optionally, the hopping frequency increases or
decreases in 2 units of frequency.
[0017] Optionally, the frequency range from the third
frequency to the fourth frequency may include three con-
tinuous frequency bands, namely, a first frequency band,
a second frequency band and a third frequency band.
The second frequency band may include a frequency
band from the first frequency to the second frequency.
Time stayed in each frequency point within the first fre-
quency band or the third frequency band is less than that
in each frequency point within the second frequency
band.
[0018] Optionally, the third frequency may be 20KHz
and the fourth frequency may be 500KHz.
[0019] Optionally, the frequency range from the third
frequency to the fourth frequency may include three con-
tinuous frequency bands, namely, a first frequency band,
a second frequency band and a third frequency band.
The first frequency band is from 20KHz to 80KHz, the
second frequency band is from 80KHz to 300KHz, and
the third frequency band is from 300KHz to 500KHz. Time
stayed in each frequency point within the first frequency
band or in the third frequency band is 0.1ms and time
stayed in each frequency point within the second fre-
quency band is 0.2ms.
[0020] Optionally, the hopping frequency increasing
from the third frequency to the fourth frequency may in-
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clude: the hopping frequency increasing from 20KHz to
21KHz, then increasing from 21KHz to 499KHz in 2KHz
and increasing from 499KHz to 500KHz. The hopping
frequency decreasing from the fourth frequency to the
third frequency may include: the hopping frequency de-
creasing from 500KHz to 20KHz in 2KHz.
[0021] The present disclosure further provides a key
detection apparatus, including: a key detecting unit con-
figured to detect a key to obtain a key signal; and an
effective signal detecting unit to sample the key signal at
varying frequencies and output a control signal when the
sampling times for an effective key signal in a predeter-
mined time span reach or exceed a predetermined value,
where the sampling frequency varies from a first frequen-
cy increasing to a second frequency, then from the sec-
ond frequency decreasing to the first frequency, the in-
creasing and decreasing sampling processes are repeat-
ed, and the sampling may stay in each frequency point
for a predetermined time.
[0022] Optionally, the sampling is performed in 1 unit
of frequency increasingly or decreasingly.
[0023] Optionally, the key may be a capacitive touch-
key.
[0024] Optionally, the key may be an air key or a con-
tact key.
[0025] Optionally, the key detecting unit may include
a capacitance detecting unit configured to detect a
charge change amount in a capacitance in the key to
obtain the key signal, where the key signal may be a
digital signal corresponding to the charge change amount
in the capacitance.
[0026] Optionally, a key signal being an effective key
signal means numerical value of the key signal is greater
than a threshold of charge change amount.
[0027] Optionally, the predetermined time span may
be 3ms, the predetermined value may be 80, the first
frequency may be 80KHz, the second frequency may be
120KHz, the predetermined time may be 5ms, and the 1
unit of frequency may be 1KHz.
[0028] Optionally, the key detection apparatus further
includes: a receiving unit configured to receive external
signals; and an external signal detecting unit configured
to generate a trigger signal which is used to trigger the
key detection process when the frequency of an external
signal is between the first frequency and the second fre-
quency. After receiving the trigger signal, the key detect-
ing unit may detect a key to obtain a key signal.
[0029] Optionally, the receiving unit may include: an
antenna configured to receive external environment sig-
nals; and a frequency hopping receiving unit configured
to receiving external signals at hopping frequencies. Re-
ceiving at hopping frequencies includes receiving exter-
nal signals whose frequencies are equal to hopping fre-
quency points, the hopping frequency increases from a
third frequency to a fourth frequency, then decreases
from the fourth frequency to the third frequency, and so
the cycle to repeat, the frequency points in the increasing
process are different from those in the decreasing proc-

ess, and the third frequency is less than the first frequen-
cy and the fourth frequency is greater than the second
frequency.
[0030] Optionally, the hopping frequency increases or
decreases in 2 units of frequency.
[0031] Optionally, the frequency range from the third
frequency to the fourth frequency may include three con-
tinuous frequency bands, namely, a first frequency band,
a second frequency band and a third frequency band.
The second frequency band may include a frequency
band from the first frequency to the second frequency.
Time stayed in each frequency point within the first fre-
quency band or the third frequency band is less than that
in each frequency point within the second frequency
band.
[0032] Optionally, the third frequency may be 20KHz
and the fourth frequency may be 500KHz.
[0033] Optionally, the frequency range from the third
frequency to the fourth frequency may include three con-
tinuous frequency bands, namely, a first frequency  band,
a second frequency band and a third frequency band.
The first frequency band is from 20KHz to 80KHz, the
second frequency band is from 80KHz to 300KHz, and
the third frequency band is from 300KHz to 500KHz. Time
stayed in each frequency point within the first frequency
band or in the third frequency band is 0.1ms and time
stayed in each frequency point within the second fre-
quency band is 0.2ms.
[0034] Optionally, the hopping frequency increasing
from the third frequency to the fourth frequency may in-
clude: the hopping frequency increasing from 20KHz to
21KHz, then increasing from 21KHz to 499KHz in 2KHz
and increasing from 499KHz to 500KHz. The hopping
frequency decreasing from the fourth frequency to the
third frequency may include: the hopping frequency de-
creasing from 500KHz to 20KHz in 2KHz.
[0035] In the present disclosure, a key signal is sam-
pled at varying frequencies and its effectiveness is de-
termined. Compared with a fixed sampling frequency in
the existing methods, varying sampling frequencies are
difficult to be tracked by varying external signals, thereby
reducing the probability of sampled signals being inter-
fered by external signals.
[0036] Further, key detection may be initiated after an
external signal with a frequency within a predetermined
frequency range is received. External signals are re-
ceived at hopping frequency points, which means that
external signals with one kind of frequency point are re-
ceived in a particular time span. Embodiments of the
present disclosure combine receiving signals at hopping
frequency points with sampling signals at varying fre-
quencies, which further decreases the coincidence be-
tween sampling frequency and external signals’ frequen-
cy, and thereby decreases interferences in key detection.
[0037] Further, external signals are received in a pre-
determined frequency range (from a first frequency to a
second frequency) in forward hopping frequency, back-
ward hopping frequency, and so the cycle to repeat, hop-
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ping frequency points in the forward process are different
from those in the backward process, and staying time  at
each frequency point lasts for a predetermined time,
which improve detection rate, and almost will not miss a
key press event.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] FIG. 1 schematically illustrates a flow chart of
a key detection method according to one embodiment of
the present disclosure;
[0039] FIG. 2 schematically illustrates a detailed flow
chart of Step S12 shown in FIG. 1;
[0040] FIG. 3 schematically illustrates a flow chart of
a key detection method according to another embodi-
ment of the present disclosure;
[0041] FIG. 4 schematically illustrates a structure of a
key detection apparatus according to one embodiment
of the present disclosure;
[0042] FIG. 5 schematically illustrates a structure of a
key detection apparatus according to another embodi-
ment of the present disclosure;
[0043] FIG. 6 schematically illustrates a structure of an
anti-interference capacitive touch-key detection system
according to one embodiment of the present disclosure;
and
[0044] FIG. 7 schematically illustrates a detailed struc-
ture of an anti-interference capacitive touch-key detec-
tion system according to one embodiment of the present
disclosure.

DETAILED DESCRIPTION OF THE DISCLOSURE

[0045] In the existing key detection technologies, a key
signal is sampled with a fixed frequency and the sampling
frequency is easy to be tracked by varied external envi-
ronment signals, and the sampled signals are thereby
interfered, resulting in missing effective key signals or an
interference signal mistaken as an effective key signal.
The present disclosure provides a method to sample a
key signal with varying frequencies, thereby reducing risk
of sampling signals being interfered by external  signals.
[0046] In order to clarify the objects, characteristics
and advantages of the disclosure, embodiments of
present disclosure will be described in detail in conjunc-
tion with accompanying drawings. In following embodi-
ments, a key may be a capacitive touch-key, which is not
limited thereto. For example, it may be a resistive key or
a switching key in other embodiments.
[0047] FIG. 1 schematically illustrates a flow chart of
a key detection method according to one embodiment of
the present disclosure, the key detection method includ-
ing steps of:
[0048] Step S 11, detecting a key to obtain a key signal;
and
[0049] Step S12, sampling the key signal at varying
frequencies and outputting a control signal when the
sampling times for an effective key signal in a predeter-

mined time span reach or exceed a predetermined value,
where the sampling frequency varies from a first frequen-
cy increasing to a second frequency, then from the sec-
ond frequency decreasing to the first frequency, the sam-
pling staying in each frequency point for a predetermined
time, and the increasing sampling and the decreasing
sampling processes are repeated.
[0050] Hereinafter, Step S11 and Step S 12 are de-
scribed in detail.
[0051] In Step S11, a key may be detected and a key
signal may be obtained. In some embodiments, the key
may be a capacitive touch-key, such as an air key or a
contact key. Generally, there is a parasitic capacitance
to ground in a key. Once a key is pressed, the parasitic
capacitance in the key is to be paralleled with a finger
capacitance to ground. Therefore, whether a key is
pressed can be determined by detecting the capacitance
charge or the capacitance value.
[0052] In some embodiments, Step S11 may include:
detecting a charge change amount in a capacitance (e.g.
a parasitic capacitance) to obtain a key signal, where the
key signal is a digital signal corresponding to the charge
change amount in the  capacitance and used to deter-
mine whether a key is pressed in subsequent steps. A
digital signal corresponding to the charge change amount
in the capacitance means numerical value which the dig-
ital signal represents may be the charge change amount
in the capacitance or may be proportional to the charge
change amount in the capacitance. The technology for
detecting charge change amount in a capacitance is
known to those skilled in the art and is not described in
detail herein.
[0053] Following Step S11, Step S12 may be per-
formed. In Step S12: sampling the key signal at varying
frequencies and outputting a control signal when the
sampling times for an effective key signal in a predeter-
mined time span reach or exceed a predetermined value.
Namely, whether the sampling times for an effective key
signal in a predetermined time span reach or exceed a
predetermined value is determined. If so, a control signal
is output and the key may be predetermined to be
pressed; otherwise, the key signal is determined to be
caused by interference of external signals. Sampling at
varying frequencies may include sampling from a first
frequency increasing to a second frequency, then from
the second frequency decreasing to the first frequency,
repeating the increasing and decreasing sampling proc-
esses, and the sampling stay in each frequency point for
a predetermined time.
[0054] Optionally, sampling an effective key signal
may include: sampling a key signal; and determining a
sampled key signal to be an effective one when numerical
value of the sampled key signal is greater than a thresh-
old of charge change amount.
[0055] In some embodiments, FIG. 2 schematically il-
lustrates a detailed flow chart of Step S12. Step S12 may
include steps of:
[0056] Step S121, sampling the key signal, namely,
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sampling a digital signal corresponding to the charge
change amount in a capacitance obtained in Step S11,
where the sampling frequency increases from a first fre-
quency to a second frequency and then decreases from
the second frequency to the first frequency, this increas-
ing and decreasing sampling process is performed re-
peatedly, and the sampling may stay in each frequency
point for a predetermined time.
[0057] In some embodiments, the sampling frequency
may vary between the first frequency and the second
frequency (including the first frequency and the second
frequency) in turn. An increment value (an increment val-
ue each time of the sampling frequency increasing from
the first frequency to the second frequency) and a dec-
rement value (an decrement value each time of the sam-
pling frequency decreasing from the second frequency
to the first frequency) of the sampling frequency is 1 unit
of frequency, namely, the sampling frequency increases
or decreases in an equal difference. Specifically, the
sampling frequency increases from the first frequency to
the second frequency in 1 unit of frequency (i.e. the unit
of the first frequency and the second frequency, for ex-
ample, if the unit is KHz, the sampling frequency increas-
ing in 1KHz each time) and the sampling may stay in
each frequency point for a predetermined time, namely,
the sampling frequency increases in 1 unit of frequency
every predetermined time; then the sampling frequency
decreases from the second frequency to the first frequen-
cy in 1 unit of frequency and the sampling may stay in
each frequency point for the predetermined time, namely,
the sampling frequency decreases in 1 unit of frequency
every predetermined time; furthermore, the sampling fre-
quency increases from the first frequency to the second
frequency and decreases from the second frequency to
the first frequency, and the increasing sampling and the
decreasing sampling is repeated.
[0058] The first frequency and the second frequency
may respectively be a lower limit and an upper limit of
frequency of signals generated after a key is pressed and
they are always determined by an experience value ac-
cording to practical application. For example, a capacitive
touch-key is pressed by a finger. Signals between 80KHz
and 120KHz may be generated accordingly. Therefore,
the first frequency may be set to be 80KHz and the sec-
ond frequency may be set to be 120KHz. The 1 unit of
frequency may be 1KHz. The predetermined time may
depend on a predetermined time span and a predeter-
mined value of times (sometimes being experience val-
ue). Namely, according to the predetermined time, effec-
tive key signals may be sampled more than the prede-
termined value of times in the predetermined time span.
For  example, the predetermined time span is 3ms and
the predetermined value is 80, then the predetermined
time may be 5ms. The sampling frequency may be 80KHz
at first, then increases to 81KHz 5ms later, increases to
82KHz after another 5ms, and so on, until the sampling
frequency reaches 120KHz, and it takes 200ms to finish
this increasing process; then, the sampling frequency de-

creases from 120KHz to 119KHz 5ms later, decreases
to 118KHz after another 5ms, and so on, until the sam-
pling frequency reaches 80KHz, and it takes 200ms to
finish this decreasing process. Thus a cycle process in-
cluding a increasing process and a decreasing process
may be 400ms, and a key signal (digital signal) may be
sampled 11 times therein. 3ms includes 7.5 cycles, there-
fore, a key signal may be sampled 82 to 83 times therein.
[0059] Step S122, determining whether a sampled key
signal is an effective key signal, if so, proceeding to Step
S123; otherwise, proceeding to Step S124. A key signal
being an effective key signal means numerical value of
the key signal is greater than a threshold of charge
change amount.
[0060] Step S123, a counting number being increased
by 1 and proceeding to Step S124. The original counting
number is 0 and the counting number is used to count
times for obtaining an effective key signal. The counting
number may be increased by 1 when the sampled key
signal is an effective key signal.
[0061] Step S124, determining whether the current
time reaches or exceeds the predetermined time span,
if so, proceeding to Step S125; otherwise, proceeding to
Step S122. Each time after the sampled key signal is
determined to be not an effective key signal, or the sam-
pled key signal is determined to be an effective key signal
and the counting number is increased by 1, the difference
between the current time and the start time of Step S12
is determined whether to be greater than or equal to the
predetermined time span, if so, proceeding to Step S125;
otherwise, proceeding to Step S122.
[0062] Step S125, determining whether the counting
number is more than or equal to the predetermined value,
if so, proceeding to Step S126; otherwise, proceeding to
Step S127. If difference between the current time and
the start time of Step S12 is greater than or equal to the
predetermined time span, the counting number is deter-
mined whether to be greater than or equal to the prede-
termined value, if so, proceeding to Step S126; other-
wise, proceeding to Step S127.
[0063] Step S126, outputting a control signal. If the
counting number within the predetermined time span is
greater than or equal to the predetermined value, a con-
trol signal is output, which means that the key is pressed
or probable to be pressed.
[0064] Step S127, determining to be interference of
external signals. If the counting number within the pre-
determined time span is less than the predetermined val-
ue, it means that the key is not pressed and the key de-
tection may be interfered by external interference signals.
[0065] Generally, the abovementioned Step S121 may
be performed in parallel with Step S122 to S125.
[0066] The control signal and / or the determination
result of whether the sampling times for an effective key
signal in a predetermined time span reach or exceed a
predetermined value may be used to further determine
operation on the key in subsequent process. For exam-
ple, Step S11 and Sep S12 may be performed repeatedly
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in 3s. If control signals are generated all the time, it means
the key is pressed continuously.
[0067] FIG. 3 schematically illustrates a flow chart of
a key detection method according to another embodi-
ment of the present disclosure. The difference between
the embodiment and the first embodiment lies in: before
Step S11, the method may further include: receiving ex-
ternal signals and generating a trigger signal to trigger
the key detection process when the frequency of an ex-
ternal signal is between a first frequency and a second
frequency, namely, after a trigger signal is generated,
Step S11 is started.
[0068] The key detection method shown in FIG. 3 may
include:
[0069] Step S21, receiving external signals;
[0070] Step S22, generating a trigger signal to trigger
the key detection process when the frequency of an ex-
ternal signal is between the first frequency and the sec-
ond frequency;
[0071] Thereafter, Step S11, detecting a key to obtain
a key signal, namely, detecting a key after the trigger
signal is generated; and
[0072] Step S12, sampling the key signal at varying
frequencies and outputting a control signal when the
sampling times for an effective key signal in a predeter-
mined time span reach or exceed a predetermined value,
where the sampling frequency varies from a first frequen-
cy increasing to a second frequency and then decreasing
from the second frequency to the first frequency, the in-
creasing and decreasing sampling processes are repeat-
ed, and the sampling may stay in each frequency point
for a first predetermined time.
[0073] The abovementioned Steps S11 and S12 are
the same as in the first embodiment, so only Steps S21
and S22 are described in detail hereinafter.
[0074] First, Step S21 may be performed. In Step S21,
external signals may be received. The external signals
may include signals caused by environment signals and
key operation from external, which may be received
through an antenna. A frequency range of signals re-
ceived by the antenna may depend on the antenna. In
some embodiments, the frequency range of signals re-
ceived by the antenna may be from 20KHz to 500KHz.
[0075] In some embodiments, receiving external sig-
nals may include: receiving external signals at hopping
frequencies, where receiving at hopping frequencies in-
cludes receiving external signals whose frequencies are
equal to hopping frequency points, the hopping frequen-
cy increases from a third frequency to a fourth frequency,
then decreases from the fourth frequency to the third fre-
quency, and so the cycle to repeat, the frequency points
in the increasing process are different from those in the
decreasing process, and the third frequency is less than
the first frequency and the fourth frequency is greater
than the second frequency. The third frequency is a lower
limit of frequency of signals received by an antenna, for
example, 20KHz; and the fourth frequency is an upper
limit of frequency of signals received by the antenna, for

example, 500KHz. In other embodiments, external sig-
nals may be received not at hopping frequencies, while
the antenna keeps in reception state all the time.
[0076] In some embodiments, an increment value (an
increment value each time of the hopping frequency in-
creasing from the third frequency to the fourth frequency)
and a decrement value (a decrement value each time of
the hopping frequency decreasing from the fourth fre-
quency to the third frequency) of the hopping frequency
is 2 units of frequency, namely, the hopping frequency
increases or decreases in an equal difference.
[0077] The hopping frequency progressively increas-
ing from 20KHz to 500KHz may be frequencies with an
almost equal difference, e.g., the hopping frequency in-
creasing from 20KHz to 21KHz, then increasing from
21KHz to 499KHz in 2KHz and then increasing from
499KHz to 500KHz; the hopping frequency progressively
decreasing from 500KHz to 20KHz may be frequencies
with an equal difference, e.g., the hopping frequency de-
creasing from 500KHz to 20KHz in 2KHz. In some em-
bodiments, the frequencies points in the increasing proc-
ess and in the decreasing process are different, e.g., odd
ones and even ones, respectively.
[0078] Optionally, the frequency range from the third
frequency to the fourth frequency may include three con-
tinuous frequency bands, namely, a first frequency band,
a second frequency band and a third frequency band.
The second frequency band may include a frequency
band from the first frequency to the second frequency.
Time stayed in each frequency point within the first fre-
quency band or the third frequency band is less than that
in each frequency point within the second frequency
band. For example, the third frequency is 20KHz and the
fourth frequency is 500KHz. Accordingly, the first fre-
quency band may be from 20KHz to 80KHz, the second
frequency band may be from 80KHz to 300KHz, and the
third frequency band may be from 300KHz to 500KHz.
Time stayed in each frequency point within the first fre-
quency band or in the third frequency band is 0.1ms and
time stayed in each frequency point within the second
frequency band is 0.2ms.
[0079] In some embodiments, time stayed at each fre-
quency point within a first frequency band, a second fre-
quency band and a third frequency band (a frequency
band from a third frequency to a fourth frequency) may
be the same. In some embodiments, external signals with
frequencies within a first frequency band or a third fre-
quency band are generally interference signals, shorten-
ing residence time at each frequency point within these
two frequency bands (being less than that at each fre-
quency point within a second frequency band) may in-
crease frequency hopping rate, thus reduce detection
time and improve a utilization rate of system resources.
[0080] Following Step S21, Step S22 may be per-
formed. In Step S22, a trigger signal may be generated
to trigger the key detection process when the frequency
of an external signal is between the first frequency and
the second frequency. The first frequency and the second
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frequency may respectively be a lower limit and an upper
limit of frequency of signals which are caused by an op-
eration on a key (e.g. pressing a key). In some embodi-
ments, the first frequency is 80KHz and the second fre-
quency is 120KHz. In the present disclosure, a subse-
quent key detection process is performed when an ex-
ternal signal with a frequency between the first frequency
and the second frequency (including the first frequency
and the second frequency) is received, namely, when a
key is possible to be pressed. Specifically, whether the
frequency of an external signal is between the first fre-
quency and the second frequency or not is determined.
If so, a trigger signal is generated; otherwise, the external
signal is determined to be caused by interferences of
environment.
[0081] Corresponding to the abovementioned key de-
tection method, a key detection apparatus according to
one embodiment of the present disclosure is illustrated
in FIG. 4, including a key detecting unit 41 and an effective
signal detecting  unit 42.
[0082] The key detecting unit 41 is configured to detect
a key to obtain a key signal. In some embodiments, the
key may be a capacitive touch-key, the key detecting unit
may be a capacitance detecting unit configured to detect
a charge change amount in a capacitance. The key signal
is a digital signal corresponding to the charge change
amount in the capacitance. In some embodiments, the
capacitance detecting unit may be implemented by an
Analog to Digital Converter (ADC) which is configured to
detect the charge change amount in the capacitance and
convert analog data of charge change to digital data.
[0083] The effective signal detecting unit 42 is config-
ured to sample the key signal at varying frequencies and
output a control signal when the sampling times for an
effective key signal in a predetermined time span reach
or exceed a predetermined value, where the sampling
frequency varies from a first frequency increasing to a
second frequency, then from the second frequency de-
creasing to the first frequency, the increasing and de-
creasing sampling processes are repeated, and the sam-
pling may stay in each frequency point for a predeter-
mined time. The 1 unit of frequency may be 1KHz. A key
signal being an effective key signal means numerical val-
ue of the key signal is greater than a threshold of charge
change amount. In some embodiments, the effective sig-
nal detecting unit 42 may be implemented by a Micro
Controller Unit (MCU).
[0084] A key detection apparatus according to another
embodiment of the present disclosure is illustrated in FIG.
5, including a receiving unit 51, an external signal detect-
ing unit 52, a key detecting unit 41 and an effective signal
detecting unit 42.
[0085] The receiving unit 51 is configured to receive
external signals. In some embodiments, the receiving
unit 51 may include an antenna 511 and a frequency
hopping receiving unit 512. The antenna 511 is config-
ured to receive external environment signals; and the
frequency hopping receiving unit 512 is configured to re-

ceive external signals at hopping frequencies. Receiving
at hopping frequencies  includes receiving external sig-
nals whose frequencies are equal to hopping frequency
points, and transmitting the received external environ-
ment signals to the external signal detecting unit 52, the
hopping frequency increases from a third frequency to a
fourth frequency, then decreases from the fourth frequen-
cy to the third frequency, and so the cycle to repeat, the
frequency points in the increasing process are different
from those in the decreasing process, and the third fre-
quency is less than the first frequency and the fourth fre-
quency is greater than the second frequency. In other
embodiments, a receiving unit 51 may be used as an
antenna, namely, the receiving unit 51 directly receives
external environment signals and transmits the received
external environment signals to an external signal de-
tecting unit 52.
[0086] The hopping frequency increases or decreases
in 2 units of frequency. The frequency range from the
third frequency to the fourth frequency may include three
continuous frequency bands, namely, a first frequency
band, a second frequency band and a third frequency
band. The second frequency band may include a fre-
quency band from the first frequency to the second fre-
quency. Time stayed in each frequency point within the
first frequency band or the third frequency band is less
than that in each frequency point within the second fre-
quency band.
[0087] The external signal detecting unit 52 is config-
ured to generate a trigger signal which is used to trigger
the key detection process when the frequency of an ex-
ternal signal is between the first frequency and the sec-
ond frequency. The external signal detecting unit 52 is
connected to the key detecting unit 41 and transmits the
trigger signal to it.
[0088] The key detecting unit 41 is configured to detect
a key to obtain a key signal after receiving the trigger
signal from the external signal detecting unit 52. The ef-
fective signal detecting unit 42 is the same as the first
embodiment and is not described in detail therein.
[0089] The abovementioned key detection method
may be applied in a key detection system, which may
eliminate interference of ambient noises and increase
accuracy of key detection. The key may be a contact key,
such as a capacitive touch-key, or other types of keys,
such as an air key. The contact key denotes the key
where bodies may directly contact with metal plates and
the air key denotes the key where bodies may not directly
contact with metal plates.
[0090] FIG. 5 schematically illustrates a structure of an
anti-interference capacitive touch-key detection system,
including: capacitive touch-keys 21, an environment de-
tecting unit 31, a key detecting unit 32 and a control unit
40. The environment detecting unit 31 is configured to
detect background environment signals, shield signals
with frequencies beyond the range from a first frequency
to a second frequency and generate a trigger signal after
a signal with a frequency between the first frequency and
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the second frequency is detected; the key detecting unit
32 is configured to detect a key, triggered by the trigger
signal, to obtain a key signal; and the control unit 40 is
configured to sample the key signal, triggered by the trig-
ger signal, and output a control signal when the sampling
times for an effective key signal in a first time window
reach or exceed a predetermined value.
[0091] The capacitive touch-keys are set on a detec-
tion plate 20. The detection plate 20 may be a Printed
Circuit Board (PCB). At least one balance point 22 is set
on the detection plate 20. The balance point may be made
of metal and used to adjust the frequency reception and
response range of the detection plate 20, which is de-
scribed in further detail below.
[0092] Furthermore, the environment detecting unit 31
and the key detecting unit 32 may be integrated on one
detection chip 30. The key detecting unit 32 is configured
to detect a charge change amount in the keys 21, namely,
the difference between the current charge in the keys 21
and the charge therein under the original balanced state,
and convert the charge change amount to corresponding
digital signals which correspond to the charge change
amount.
[0093] The control unit 40 may be implemented by a
MCU.
[0094] FIG. 7 schematically illustrates a detailed struc-
ture of FIG. 6. Referring to  FIG. 7, the environment de-
tecting unit 31 may include: a system interference de-
tecting module 311 configured to detect system noise
signals with frequencies within the frequency range of a
power supply; a low-frequency interference detecting
module 312 configured to detect low-frequency noise sig-
nals with frequencies between a third frequency and a
fourth frequency, where the third frequency is less than
the first frequency and the fourth frequency is greater
than the second frequency, and generate a trigger signal
after a signal with a frequency between the first frequency
and the second frequency is detected; a high-frequency
interference detecting module 313 configured to detect
high-frequency noise signals with frequencies between
a fifth frequency and a sixth frequency, where the fifth
frequency is greater than the fourth frequency; and a de-
tection control module 314 configured to control the sys-
tem interference detecting module 311, the low-frequen-
cy interference detecting module 312 and the high-fre-
quency interference detecting module 313 to operate
successively and repeatedly.
[0095] The system interference detecting module 311
is mainly configured to detect noises caused by a power
supply and other noises with frequencies within the fre-
quency range of the power supply. In some embodi-
ments, the power supply is formed after a voltage trans-
formation of a lighting source and a frequency range of
the corresponding system noise signals to be detected
is from 50Hz to 75Hz. Generally, these system noise sig-
nals may be detected through power ripple detection cir-
cuit and method.
[0096] The low-frequency interference detecting mod-

ule 312 is mainly configured to detect low-frequency
noise signals with frequencies between the third frequen-
cy and the fourth frequency. In some embodiments, the
range may be from 20KHz to 500KHz. In order to receive
signals with frequencies within the range, the detection
plate 20 is configured to be an antenna of the low-fre-
quency interference detecting module 312. One or more
balance points made of metal may be set on the detection
plate 20 to adjust its capacitive reactance and inductive
reactance. Due to the above adjustment and additional
adjustment of shape and size of the detection plate 20,
both  the frequency response and receiving range for
signals of the detection plate 20 can include the range
from the third frequency to the fourth frequency, namely,
the detection plate 20 can receive the signals with fre-
quencies between 20KHz and 500KHz. In some embod-
iments, capacitive reactance of the detection plate 20
may be 0.5pF, and inductive reactance may be 0.1mH
to 0.8mH. The keys 21 and the whole detection plate 20
may be taken as the antenna of the low-frequency inter-
ference detecting module 312 and no special low-fre-
quency antenna needs to be configured, thereby improv-
ing integration of the system and reducing size of a final
product.
[0097] The high-frequency interference detecting
module 313 is configured to detect high-frequency noise
signals with frequencies between the fifth frequency and
the sixth frequency. Specifically, the range may be from
900MHz to 3GHz. The high-frequency noise signals are
received through an individual antenna 312a.
[0098] An anti-interference capacitive touch-key de-
tection system and a detection method therein according
to one embodiment of the present disclosure are de-
scribed in detail in conjunction with FIG. 7.
[0099] Initialization may be performed following a pow-
er-on event of the anti-interference capacitive touch-key
detection system. During the initialization, a detection
chip 30 is initialized, namely, the environment detecting
unit 31 and the key detecting unit 32 are initialized; fur-
thermore, a control unit 40 is initialized as well. It may
take 20ms to complete the whole initialization.
[0100] Following the initialization, the environment de-
tecting unit 31 may detect background environment sig-
nals, shield signals with frequencies beyond the range
from a first frequency to a second frequency and generate
a trigger signal after a signal with a frequency between
the first frequency and the second frequency is detected.
Specifically, the environment detecting unit 31 may gen-
erate a trigger signal after a signal with a frequency be-
tween 80KHz and 120KHz is detected, and shield signals
whose frequencies are other frequencies. It should be
known that, a signal with a frequency between 80KHz
and 120KHz being detected means that there is a signal
between 80KHz and 120KHz whose amplitude is larger
than a particular amplitude threshold. The background
environment signal detection process is shown in Step
S11 in FIG. 3.
[0101] The detection process of background environ-
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ment signals will be described in detail. First, a system
interference detecting module 311 may detect system
noise signals with frequencies within the frequency range
of a power supply. Specifically, frequencies of these sys-
tem noise signals are between 50Hz and 75Hz. If a signal
with a frequency within the range is detected, the key
detecting unit 32 may not be triggered to detect a key
and the control unit 40 may not determine the key as well.
In some embodiments, if amplitude of a system noise
signal is less than a first predetermined amplitude (being
100mV here), for example, 50mV, the amplitude of the
system noise signal may be transmitted to the control
unit 40 and added to a reference signal by the control
unit 40. In a subsequent determination process of effec-
tive key signals, the amplitude of the system noise signal
is removed from a key signal, thereby avoiding the influ-
ence to determination caused by power ripple interfer-
ence. If amplitude of a system noise signal is greater than
a second predetermined amplitude (being 500mV here),
for example, 800mV, the amplitude of the system noise
signal may be transmitted into the control unit 40 and
limited therein, namely, in the subsequent determination
process of effective key signals, a key signal whose am-
plitude is greater than the second predetermined ampli-
tude may be determined to be caused by system noises
but not a press on a key.
[0102] Following the system noise signal detection, the
detection control module 314 may control the low-fre-
quency interference detecting module 312 to detect low-
frequency noise signals with frequencies between the
third frequency and the fourth frequency. Specifically, fre-
quencies of these low-frequency noise signals are be-
tween 20KHz and 500KHz and the low-frequency noise
signals are received through the detection plate 20. The
detailed detection is performed at hopping frequencies.
Detecting at hopping frequencies includes receiving ex-
ternal signals whose frequencies are equal to hopping
frequency points, where the hopping  frequency increas-
es from the third frequency (20KHz) to the fourth frequen-
cy (500KHz) and then decreases from the fourth frequen-
cy (500KHz) to the third frequency (20KHz), and the fre-
quency points in the increasing process are different from
those in the decreasing process. The hopping frequency
increases or decreases in 2 units of frequency, namely,
the hopping frequency increases or decreases by equal
difference.
[0103] Low-frequency noise signals with frequencies
beyond the range from 80KHz to 120KHz may be shield-
ed, namely, neither the key detecting unit 32 nor the con-
trol unit 40 is triggered, thereby avoiding false determi-
nation on a key press event caused by low-frequency
noise signals.
[0104] Following the low-frequency noise signal detec-
tion, the detection control module 314 may control the
high-frequency interference detecting module 313 to de-
tect high-frequency noise signals with frequencies be-
tween the fifth frequency (900MHz) and the sixth frequen-
cy (3GHz). High-frequency noise signals with frequen-

cies between 900MHz and 3GHz may be shielded,
namely, neither the key detecting unit 32 nor the control
unit 40 is triggered, thereby avoiding false determination
on a key press event caused by high-frequency noise
signals.
[0105] Following the high-frequency noise signal de-
tection, the detection control module 314 may control the
system interference detecting module 311, the low-fre-
quency interference detecting module 312 and the high-
frequency interference detecting module 313 to operate
successively and repeatedly. Namely, system noise sig-
nals, low-frequency noise signals and high-frequency
noise signals are detected repeatedly.
[0106] If a signal with a frequency between the first
frequency (80KHz) and the second frequency (120KHz)
is detected at the low-frequency interference detecting
module 312, a trigger signal may be generated to trigger
the key detecting unit 32 and the control unit 40 to oper-
ate. The key detecting unit 32 is configured to detect the
capacitive touch-key to obtain a key signal. The control
unit 40 is configured to  sample the key signal and output
a control signal when the sampling times for an effective
key signal in a first time window (3ms) reach or exceed
a predetermined value.
[0107] In some embodiments, a sampling frequency
may vary between the first frequency and the second
frequency in turn. The sampling is performed in 1 unit of
frequency increasingly or decreasingly, namely, the sam-
pling frequency increases or decreases in an equal dif-
ference. Specifically, the sampling frequency increases
from the first frequency to the second frequency in 1 unit
of frequency and the sampling may stay in each frequen-
cy point for a predetermined time, namely, the sampling
frequency increases in 1 unit of frequency every prede-
termined time; then the sampling frequency decreases
from the second frequency to the first frequency in 1 unit
of frequency and the sampling may stay in each frequen-
cy point for the predetermined time, namely, the sampling
frequency decreases in 1 unit of frequency every prede-
termined time; furthermore, the sampling frequency in-
creases from the first frequency to the second frequency
and decreases from the second frequency to the first
frequency, and the increasing sampling and the decreas-
ing sampling is repeated.
[0108] It should be noted that, during the process of
sampling a key signal at the control unit 40, background
environment signals are still detected continually at the
environment detecting unit 31.
[0109] If the sampling times for an effective key signal
in a first time window are less than a predetermined value,
namely, no key press event being detected in the first
time window and no control signal being output, the en-
vironment detecting unit 31 may enter a sleep state and
stop detecting background environment signals.
[0110] If the sampling times for an effective key signal
in a first time window reach or exceed a predetermined
value, namely, a key press event being detected in the
first time window and a corresponding control signal be-
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ing output, then a second time window is opened, where
duration of the second time window is longer than that
of  the first time window. In some embodiments, duration
of the second time window may be 3s. The key signal
may be continually sampled in the second time window
and a control signal may be output when the sampling
times for an effective key signal in any first time window
of the second time window reach or exceed the prede-
termined value. Namely, the key signal is detected still
by taking the first time window as basis unit in the second
time window. A control signal may be output again when
the sampling times for an effective key signal in any first
time window of the second time window reach or exceed
the predetermined value (80 times). If the sampling times
for an effective key signal in a second time window are
less than a predetermined value, no key press event be-
ing detected in the second time window, the environment
detecting unit 31 may enter a sleep state and stop de-
tecting background environment signals, thereby reduc-
ing power consumption of the whole system. In practice,
key press events always occur successively, such as vol-
ume is adjusted or channel is switched by pressing a key
successively. Therefore, after a key press event is de-
termined in the first time window, the longer second time
window is opened to catch other following key press
events, thereby effectively improving accuracy of suc-
cessive key press event detection.
[0111] In some embodiments, a watchdog module may
be included in the anti-interference capacitive touch-key
detection system, configured to wake up the environment
detecting unit 31 to detect system noise signals, low-
frequency noise signals and high-frequency noise sig-
nals if the environment detecting unit 31 has been in a
sleep state for a predetermined sleep time(being 128ms
here). Generally, duration of a key press event is much
longer than 128ms, therefore the environment detecting
unit 31 will not miss a key press event when it is in a
sleep state, thereby reducing power consumption and
ensuring accuracy of detection.
[0112] In some embodiments, the control unit 40 may
receive background environment signals from the envi-
ronment detecting unit 31. Considering system noise sig-
nals, low-frequency noise signals and high-frequency
noise signals being successively scanned one time at
the environment detecting unit 31 as a cycle, during  a
predetermined monitoring time, if a signal in one frequen-
cy point exists in 500 cycles (corresponding time of 500
cycles being the predetermined monitoring time), com-
pensation is performed on the threshold of charge
change amount according to the amplitude of the signal
in the frequency point. For example, a metal component
is placed around the capacitive touch-keys 21 for a long
time, causing interference with a fixed frequency of
30KHz. Therefore, interference signals exists in the fre-
quency point of 30KHz during background environment
signal detection process of 500 cycles and the control
unit 40 may perform compensation on the threshold of
charge change amount according to the amplitude of the

signal in the frequency point of 30KHz. For example, if
charge in capacitive touch-keys in a balance state is re-
duced because of the external interference of 30KHz,
the threshold of charge change amount may be adjusted
when detecting the capacitive touch-keys, and the ad-
justed threshold may adapt to the charge in a balance
state. Based on the above adjustment, the anti-interfer-
ence capacitive touch-key detection system may be self-
adapting to environment. And the threshold of charge
change amount is modified to an original value when the
fixed frequency interference disappears, thereby imple-
menting memory and recovery function of environment
and ensuring accuracy of detection.
[0113] In conclusion, in the present disclosure, a key
signal is sampled with varying frequencies and its effec-
tiveness is determined. Compared with a fixed sampling
frequency in the existing methods, varying sampling fre-
quencies are difficult to be tracked by varied external
signals, thereby reducing the probability of sampled sig-
nals being interfered by external signals.
[0114] Furthermore, a key detection process may be
initiated after an external signal with a frequency within
a predetermined frequency range is received. Besides,
external signals are received at hopping frequencies,
which means that external signals with one kind of fre-
quency point are received in a particular time span. Em-
bodiments of the present disclosure combine receiving
signals at hopping frequencies with sampling signals at
varying frequencies, which further decreases the coinci-
dence between sampling frequency signals and external
signals’ frequency, and  thereby decreases interferences
in key detection.
[0115] Further, external signals are received in a pre-
determined frequency range (from a first frequency to a
second frequency) in forward hopping frequency, back-
ward hopping frequency, and so the cycle to repeat, hop-
ping frequency points in the forward process are different
from those in the backward process, and staying time at
each frequency point lasts for a predetermined time,
which improve detection rate, and almost will not miss a
key press event.
[0116] Although the present disclosure has been dis-
closed as above with reference to preferred embodi-
ments thereof but will not be limited thereto. Those skilled
in the art can modify and vary the embodiments without
departing from the spirit and scope of the present disclo-
sure. Accordingly, without departing from the scope of
the present invented technology scheme, whatever sim-
ple modification and equivalent variation belong to the
protection range of the present invented technology
scheme.

Claims

1. A key detection method, comprising:

detecting a key to obtain a key signal; and
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sampling the key signal with varying frequencies
and outputting a control signal when the sam-
pling times for an effective key signal in a pre-
determined time span reach or exceed a prede-
termined value;
where the sampling frequency varies from a first
frequency increasing to a second frequency and
then from the second frequency decreasing to
the first frequency, the increasing and decreas-
ing sampling processes are repeated, and the
sampling stays in each frequency point for a pre-
determined time.

2. The key detection method according to claim 1,
where the sampling is performed in 1 unit of frequen-
cy increasingly or decreasingly.

3. The key detection method according to claim 1,
where the key is a capacitive touch-key.

4. The key detection method according to claim 1,
where the key is an air key or a contact key.

5. The key detection method according to claim 3,
where detecting the key to obtain the key signal com-
prises: detecting a charge change amount in a ca-
pacitance in the key; and obtaining the key signal,
where the key signal is a digital signal corresponding
to the charge change amount in the capacitance.

6. The key detection method according to claim 5,
where sampling an effective key signal comprises:
sampling a key signal; and determining a sampled
key signal to be an effective key signal when numer-
ical value of the sampled key signal is greater than
a threshold of charge change amount.

7. The key detection method according to claim 3,
where the predetermined time span is 3ms, the pre-
determined value is 80, the first frequency is 80KHz,
the second  frequency is 120KHz, the predetermined
time is 5ms, and the 1 unit of frequency is 1KHz.

8. The key detection method according to claim 1 or 3,
comprising:

receiving external signals; and
when the frequency of an external signal is be-
tween the first frequency and the second fre-
quency, generating a trigger signal which is used
to trigger the key detection process.

9. The key detection method according to claim 8,
where receiving external signals comprises: receiv-
ing external signals at hopping frequencies, where
receiving at hopping frequencies includes receiving
external signals whose frequencies are equal to hop-
ping frequency points;

where the hopping frequency increases from a third
frequency to a fourth frequency, then decreases from
the fourth frequency to the third frequency, and so
the cycle to repeat, the frequency points in the in-
creasing process are different from those in the de-
creasing process, and the third frequency is less than
the first frequency and the fourth frequency is greater
than the second frequency.

10. The key detection method according to claim 9,
where the hopping frequency increases or decreas-
es in 2 units of frequency.

11. The key detection method according to claim 9,
where the frequency range from the third frequency
to the fourth frequency comprises three continuous
frequency bands, namely, a first frequency band, a
second frequency band and a third frequency band,
the second frequency band comprises a frequency
band from the first frequency to the second frequen-
cy and time stayed in each frequency point within
the first frequency band or the third frequency band
is less than that in each frequency point within the
second frequency band.

12. The key detection method according to claim 9,
where the third frequency is 20KHz and the fourth
frequency is 500KHz.

13. The key detection method according to claim 12,
where the frequency range from the third frequency
to the fourth frequency comprises three continuous
frequency bands, namely, a first frequency band, a
second frequency band and a third frequency band,
the first frequency band is from 20KHz to 80KHz, the
second frequency band is from 80KHz to 300KHz,
and the third frequency band is from 300KHz to
500KHz; and
time stayed in each frequency point within the first
frequency band or in the third frequency band is
0.1ms and time stayed in each frequency point within
the second frequency band is 0.2ms.

14. The key detection method according to claim 12,
where the hopping frequency increasing from the
third frequency to the fourth frequency comprises:
the hopping frequency increasing from 20KHz to
21KHz, then increasing from 21KHz to 499KHz in
2KHz and increasing from 499KHz to 500KHz; and
the hopping frequency decreasing from the fourth
frequency to the third frequency comprises: the hop-
ping frequency decreasing from 500KHz to 20KHz
in 2KHz.

15. A key detection apparatus, comprising:

a key detecting unit configured to detect a key
to obtain a key signal; and
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an effective signal detecting unit to sample the
key signal with varying frequencies and output
a control signal when the sampling times for an
effective key signal in a predetermined time
span reach or exceed a predetermined value;
where the sampling frequency varies from a first
frequency increasing to a second frequency,
then from the second frequency decreasing to
the first frequency, the increasing and decreas-
ing sampling processes are repeated, and the
sampling stays in each frequency point for a pre-
determined time.

16. The key detection apparatus according to claim 15,
where the sampling is performed in 1 unit of frequen-
cy increasingly or decreasingly.

17. The key detection apparatus according to claim 15,
where the key is a capacitive touch-key.

18. The key detection apparatus according to claim 15,
where the key is an air key or a contact key.

19. The key detection apparatus according to claim 17,
where the key detecting unit comprises a capaci-
tance detecting unit configured to detect a charge
change amount in a capacitance in the key to obtain
the key signal, where the key signal is a digital signal
corresponding to the charge change amount in the
capacitance.

20. The key detection apparatus according to claim 19,
where a key signal being an effective key signal
means numerical value of the key signal is greater
than a threshold of charge change amount.

21. The key detection apparatus according to claim 15,
where the predetermined time span is 3ms, the pre-
determined value is 80, the first frequency is 80KHz,
the second frequency is 120KHz, the predetermined
time is 5ms, and the 1 unit of frequency is 1KHz.

22. The key detection apparatus according to claim 15
or 17, further comprising:

a receiving unit configured to receive external
signals; and
an external signal detecting unit configured to
generate a trigger signal which is used to trigger
the key detection process when the frequency
of an external signal is between the first frequen-
cy and the second frequency;
where the key detecting unit detects a key to
obtain a key signal after receiving the trigger sig-
nal.

23. The key detection apparatus according to claim 22,
where the receiving unit comprises:

an antenna configured to receive external envi-
ronment signals; and
a frequency hopping receiving unit configured
to receive external signals at hopping frequen-
cies, receiving at hopping frequencies includes
receiving external signals whose frequencies
are equal to hopping frequency points;
where the hopping frequency increases from a
third frequency to a fourth frequency, then de-
creases from the fourth frequency to the third
frequency, and so the cycle to repeat, the fre-
quency points in the increasing process are dif-
ferent from those in the decreasing process, and
the third frequency is less than the first frequen-
cy and the fourth frequency is greater than the
second frequency.

24. The key detection apparatus according to claim 23,
where the hopping frequency increases or decreas-
es in 2 units of frequency.

25. The key detection apparatus according to claim 23,
where the frequency range from the third frequency
to the fourth frequency comprises three continuous
frequency bands, namely, a first frequency band, a
second frequency band and a third frequency band,
the second frequency band comprises a frequency
band from the first frequency to the second frequen-
cy, and time stayed in each frequency point within
the first frequency band or the third frequency band
is less than that in each frequency point within the
second frequency band.

26. The key detection apparatus according to claim 23,
where the third frequency is 20KHz and the fourth
frequency is 500KHz.

27. The key detection apparatus according to claim 26,
where the frequency range from the third frequency
to the fourth frequency comprises three continuous
frequency bands, namely, a first frequency band, a
second frequency band and a third frequency band,
the first frequency band is from 20KHz to 80KHz, the
second frequency band is from 80KHz to 300KHz,
and the third frequency band is from 300KHz to
500KHz; and
time stayed in each frequency point within the first
frequency band or in the third  frequency band is
0.1ms and time stayed in each frequency point within
the second frequency band is 0.2ms.

28. The key detection apparatus according to claim 23,
where the hopping frequency progressively increas-
ing from the third frequency to the fourth frequency
comprises: the hopping frequency increasing from
20KHz to 21KHz, then increasing from 21KHz to
499KHz in 2KHz and increasing from 499KHz to
500KHz; and the hopping frequency decreasing

21 22 



EP 2 680 018 A1

13

5

10

15

20

25

30

35

40

45

50

55

from the fourth frequency to the third frequency com-
prises: the hopping frequency decreasing from
500KHz to 20KHz in 2KHz.
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