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ing electrode, a monitor electrode, and a detecting electrode;
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putted from the detecting electrode due to an inertial force; an
oscillation control circuit Which controls an energiZation

electrode to oscillate the oscillator; a detecting circuit Which
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amount of the driving signal according to a monitor signal
outputted from the monitor electrode; and a fault diagnosing
circuit Which inputs a pseudo angular speed signal to the
detecting circuit for fault diagnosis, Wherein a ?lter sWitching
circuit Which sWitches a characteristic of a ?lter circuit
included in the detecting circuit in fault diagnosis mode to
shorten a delay time is provided
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INERTIAL FORCE SENSOR
TECHNICAL FIELD
[0001] The present invention relates to an inertial force
sensor used in various electronic equipment, for example,
used for attitude control, navigation, or the like, of a mobile
body such as an aircraft, an automobile, a robot, a Watercraft,
and a vehicle.

BACKGROUND ART

[0002]

A conventional angular speed sensor Will be

described beloW.
[0003] FIG. 11 is a circuit block diagram of the conven
tional angular speed sensor. In FIG. 11, the conventional

angular speed sensor has oscillator 1 having driving electrode
2, monitor electrode 3, and detecting electrode 4, driving
circuit 5, oscillation control circuit 6, detecting circuit 7, fault
diagnosing circuit 8, and ?lter circuit 9. Driving circuit 5
applies a driving signal to driving electrode 2 to oscillate
oscillator 1. Detecting circuit 7 detects an angular speed
according to a detecting signal outputted from detecting elec
trode 4 due to an inertial force. Oscillation control circuit 6

resistor 12 (R2) and capacitor 13 (C1) are large, time constant
"c de?ned by Equation 4 is increased. Accordingly, the delay
time becomes longer.
[Equation 4]

[0009]

When the delay time becomes longer, as shoWn in

FIG. 13, the output of the detecting signal is delayed With
respect to pseudo angular speed signal 21 for fault diagnosis.
Responsibility at the time of fault diagnosis is loWered.
Accordingly, the diagnosis accuracy of fault diagnosis is loW
ered. To shorten the delay time, the values of resistor 12 (R2)
and capacitor 13 (C1) as the delay elements should be smaller.
HoWever, When the values of resistor 12 (R2) and capacitor 13
(C1) as the delay elements are smaller, the cutoff frequency is

increased, Which affects angular speed detection accuracy.
The above con?guration has the problem that the accuracy of

fault diagnosis cannot be improved by shortening the delay
time While loWering the cutoff frequency.
[0010] [Patent Document 1] Unexamined Japanese Patent
Publication No. 2002-267448

controls an energiZation amount of the driving signal accord
ing to a monitor signal outputted from monitor electrode 3.

DISCLOSURE OF THE INVENTION

Fault diagnosing circuit 8 inputs a pseudo angular speed
signal to detecting circuit 7 for fault diagnosis.

[0011] The present invention provides an inertial force sen
sor Which can reduce the deterioration of an angular speed

[0004] FIG. 12 is an equivalent circuit diagram of ?lter
circuit 9 included in detecting circuit 7. In ?lter circuit 9, an

detection accuracy and improve the diagnosis accuracy of

input signal is inputted to one input terminal 1011, the other
input terminal 10b is grounded, and an output signal is out
putted from output terminal 1 1. The input signal is inputted to
an input portion (IN) via resistor 20 (R1). Resistor 12 (R2)
and capacitor 13 (C1) are connected in parallel to input ter
minal 10a and output terminal 11. A ?ltered signal is output
ted from an output portion (OUT) of ?lter circuit 9.
[0005] The detecting signal is ?ltered by ?lter circuit 9 of
detecting circuit 7 and is outputted as a predetermined signal.
An angular speed is detected according to the predetermined

[0012] The present invention includes an oscillator having
a driving electrode, a monitor electrode, and a detecting elec

signal. The ?lter is a loW-pass ?lter or a high-pass ?lter. A
cutoff frequency of ?lter circuit 9 is about 10 HZ.
[0006] In the fault diagnosis of the inertial force sensor, as

shoWn in FIG. 11, the pseudo angular speed signal for fault
diagnosis is inputted to detecting circuit 7 by fault diagnosing
circuit 8 at the time of start after poWer-on. When the angular

speed is detected according to the pseudo angular speed sig
nal, it can be judged that no faults have occurred.
[0007] As conventional document information on the

invention of this application, Patent Document 1, for
example, has been knoWn. In the above conventional con?gu
ration, the detecting signal is ?ltered by ?lter circuit 9 of
detecting circuit 7. As shoWn in FIG. 12, resistor 20 (R1),
resistor 12 (R2), and capacitor 13 (C1) are included in ?lter
circuit 9. These are typically delay elements. Here, a transfer
function of ?lter circuit 9 is expressed by Equation 1, a phase

characteristic thereof is expressed by Equation 2, and a delay
time thereof is expressed by Equation 3.

fault diagnosis.
trode; a driving circuit Which applies a driving signal to the
driving electrode to oscillate the oscillator; a detecting circuit
Which detects an angular speed according to a detecting sig
nal outputted from the detecting electrode due to an inertial
force; an oscillation control circuit Which controls an energi
Zation amount of the driving signal according to a monitor

signal outputted from the monitor electrode; and a fault diag
nosing circuit Which sWitches a characteristic of the ?lter

circuit included in the detecting circuit and inputs a pseudo

angular speed signal to the detecting circuit for fault diagno
sis.

[0013]

With the above con?guration, the characteristic of

the ?lter circuit is sWitched to shorten a delay time. Accord

ingly, When the pseudo angular speed signal is inputted to the
detecting circuit at the time of fault diagnosis, its responsi
bility is good and the diagnosis accuracy of fault diagnosis
can be improved.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a circuit block diagram of an angular speed
sensor according to an embodiment of the present invention;
[0015] FIG. 2 is an equivalent circuit diagram of a ?lter

circuit portion of an embodiment;
[0016] FIG. 3 is a diagram shoWing the relation betWeen a
clock controlling the ?lter circuit and “On” and “Off” of SW1

and SW2;
T

_

—R2

[Equation 1]

(w) _ R1(1+jw-C1-R2)

<I>(w) : arctan(—w - C1 —R2)

[Equation 2]

T : 6<I>(w)/6w

[Equation 3]

[0008] According to Equations 1 to 3, the delay time of
?lter circuit 9 is caused by the delay elements. When values of

[0017] FIG. 4 is an equivalent circuit diagram of the ?lter
circuit portion in a section in Which the clock controlling the

?lter circuit is “High”;
[0018] FIG. 5 is an equivalent circuit diagram of the ?lter
circuit portion in a section in Which the clock controlling the
?lter circuit is “LoW”;
[0019] FIG. 6 is a diagram shoWing an overall signal ?oW
according to an embodiment;
[0020] FIG. 7 is an operation diagram in normal mode
according to an embodiment;
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[0021]

FIG. 8 is an operation diagram in fault diagnosis

mode according to an embodiment;
[0022] FIG. 9 is a characteristic diagram shoWing respon
sibility in the fault diagnosis mode according to an embodi

ment;
[0023]

FIG. 10 is an equivalent circuit diagram of a digital
?lter circuit according to an embodiment;
[0024] FIG. 11 is a circuit block diagram of a conventional

angular speed sensor;
[0025]

FIG. 12 is an equivalent circuit diagram of a con

ventional ?lter circuit; and
[0026] FIG. 13 is a characteristic diagram shoWing respon
sibility in the fault diagnosis mode of a background art.
REFERENCE MARKS IN THE DRAWINGS

[0027]

31 Oscillator

[0028]

32 Driving electrode

[0029]

33 Monitor electrode

[0030]
[0031]

34 Detecting electrode
35 Driving circuit

[0032]

36 Oscillation control circuit

[0033]
[0034]

37 Detecting circuit
38 Fault diagnosing circuit
39 Filter circuit
40a Input terminal
40b Input terminal
41 Output terminal
42a First sWitch portion
42b Second sWitch portion

[0035]

[0036]
[0037]
[0038]
[0039]
[0040]
[0041]
[0042]
[0043]
[0044]
[0045]
[0046]
[0047]
[0048]
[0049]

43 Capacitor
44 Switch

45 Clock frequency sWitching circuit
50 Capacitor
51 Digital ?lter circuit
52 First ampli?er
53 Second ampli?er
54 Delay device
55 Adder

[0050]

56 A/D converter circuit

[0051]
[0052]
[0053]
[0054]

60
61
62
63

SWitch
SWitch
SWitch
SWitch

[0055] 70 Capacitor
PREFERRED EMBODIMENTS FOR CARRYING
OUT OF THE INVENTION
[0056] An inertial force sensor according to an embodi
ment of the present invention Will be described beloW With
reference to the draWings. FIG. 1 is a circuit block diagram of
an angular speed sensor according to an embodiment of the

present invention. In FIG. 1, the angular speed sensor has
oscillator 31 having driving electrode 32, monitor electrode

33, and detecting electrode 34, driving circuit 35, oscillation
control circuit 36, detecting circuit 37, and fault diagnosing
circuit 38. Driving circuit 35 applies a driving signal to driv
ing electrode 32 to oscillate oscillator 31. Detecting circuit 37
detects an angular speed according to a detecting signal out
putted from detecting electrode 34 due to an inertial force.
Oscillation control circuit 36 controls an energiZation amount

of the driving signal according to a monitor signal outputted

from monitor electrode 33. Fault diagnosing circuit 38 inputs
a pseudo angular speed signal to detecting circuit 37 for fault

diagnosis.
[0057] Detecting circuit 37 has ?lter circuit 39 Whose
responsibility is determined according to a clock frequency
and Which ?lters the detecting signal. Filter circuit 39 is a
sWitched capacitor ?lter.
[0058] As shoWn in FIG. 2, in ?lter circuit 39, a signal
inputted from an input portion (IN) is ?ltered by a predeter
mined characteristic and is outputted from an output portion
(OUT). An input signal is inputted to one input terminal 40a.
The other input terminal 40b is grounded. An output signal is
outputted from output terminal 41. First sWitch portion 4211
having capacitor 50 (C2) and a plurality of sWitches 60 (SW2)
and 61 (SW1) are connected to input terminal 40a and input
terminal 40b. An input signal is inputted via ?rst sWitch

portion 42a. Second sWitch portion 42b having capacitor 43
(C3) and a plurality of sWitches 62 (SW2) and 63 (SW1) are
connected to input terminal 40a, input terminal 40b, and
output terminal 41. Clocks are inputted from clock frequency
sWitching circuit 45 to ?rst sWitch portion 42a and second
sWitch portion 42b to control opening and closing of the

sWitch portions.
[0059] First sWitch portion 42a, second sWitch portion 42b,
and capacitor 70 (C4) correspond to resistor 20 (R1), resistor
12 (R2), and capacitor 13 (C1) of FIG. 12, respectively. First
sWitch portion 42a is operated as an input resistor. Second
sWitch portion 42b is operated as a feedback resistor Which

feeds back the output signal of output terminal 41 to input
terminal 40a. Capacitor 70 (C4) is operated as a feedback

capacitor Which feeds back the output signal of output termi
nal 41 to input terminal 40a.
[0060] SWitches 61 and 63 (SW1) and sWitches 60 and 62
(SW2) are operated as a pair, respectively. “On” and “Off” of
the SW1 and SW2 are opposite each other according to a
clock. FIG. 3 shoWs the relation betWeen “High” and “LoW”
ofa clock and “On” and “Off” of SW1 and SW2.
[0061] In a section in Which the clock is “High”, the SW1 is
turned off and the SW2 is turned on. The equivalent circuit
diagram of the ?lter circuit portion of FIG. 2 is as shoWn in
FIG. 4.
[0062] In a section in Which the clock is “LoW”, the SW1 is
turned on and the SW2 is turned off. The equivalent circuit

diagram of the ?lter circuit portion of FIG. 2 is as shoWn in
FIG. 5

[0063]

With the above con?guration, ?lter circuit 39 is

operated as a sWitched capacitor ?lter.
[0064] FIG. 6 shoWs an overall signal ?oW betWeen ?lter

circuit 39, clock frequency sWitching circuit 45, and fault
diagnosing circuit 38.
[0065] The reference numeral 80 denotes a pseudo angular

speed signal for fault diagnosis outputted from fault diagnos
ing circuit 38. The reference numeral 81 denotes a mode
sWitching signal Which sWitches betWeen a normal mode and

a fault diagnosis mode. Mode sWitching signal 81 selects the
clock of clock frequency sWitching circuit 45 at frequency
fclk1 in the normal mode and selects it at frequency fclk2

higher than fclk1 in the fault diagnosis mode.
[0066]

FIG. 7 shoWs an operation in the normal mode in

Which fault diagnosis is not performed. The clock having
clock frequency fclk1 is inputted from clock frequency
sWitching circuit 45 to ?lter circuit 39. Pseudo angular speed
signal 80 is not outputted from fault diagnosing circuit 38.
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[0067]

FIG. 8 shows an operation in the fault diagnosis

mode. In the fault diagnosis mode, pseudo angular speed
signal 80 outputted from fault diagnosing circuit 38 is input

loWer than the clock frequency in the fault diagnosis mode.
Accordingly, the diagnosis accuracy of fault diagnosis can be

easily improved and the deterioration of angular speed detec

ted to detecting circuit 37 by mode sWitching signal 81. The
clock having clock frequency fclk2 higher than fclkl is input
ted to ?lter circuit 39 by clock frequency sWitching circuit 45

tion accuracy can be reduced.

to sWitch a characteristic of ?lter circuit 39.

stable driving state after poWer-on, the clock frequency is
increased at the time of start to shorten the delay time, thereby

[0068] The detecting signal is ?ltered by ?lter circuit 39 of
detecting circuit 37 and is outputted as a predetermined sig
nal. A predetermined angular speed is detected according to
the predetermined signal. The ?lter may be a loW-pass ?lter or
a high-pass ?lter, and a ?lter having a predetermined ?lter
characteristic. A cutoff frequency of ?lter circuit 39 is about
10 HZ.
[0069]

[0074]

When fault diagnosis is performed at the time of

start immediately after poWer-on and the normal mode is a

improving the diagnosis accuracy of fault diagnosis. In the
stable driving state, the clock frequency may be loWered to
return the delay time to the original and the cutoff frequency
in a predetermined loW frequency range may be secured,
thereby reducing the deterioration of the angular speed detec
tion accuracy. In particular, fault diagnosis is performed at the

In the fault diagnosis of the inertial force sensor, as

time of start, Which is effective as misdetection can be

shoWn in FIG. 1, the pseudo angular speed signal for fault
diagnosis is inputted to detecting circuit 37 by fault diagnos

reduced immediately after start. Fault diagnosis may be per
formed in the stable driving state other than at the time of
start. Fault diagnosis is performed at all times in the stable
driving state, Which is effective as the deterioration of the
angular speed detection accuracy can be reduced.
[0075] In place of the above, the clock frequency may be
sWitched so that the cutoff frequency of ?lter circuit 39 in the
fault diagnosis mode is higher than the cutoff frequency in the
normal mode and the cutoff frequency in the normal mode is
loWer than the cutoff frequency in the fault diagnosis mode.
[0076] When the clock frequency is higher, the cutoff fre

ing circuit 38 at the time of start after poWer-on. When the

predetermined angular speed is detected according to the
pseudo angular speed signal, it can be judged that no faults
have occurred.

[0070]

The clock frequency is sWitched by clock frequency

sWitching circuit 45 so that the clock frequency in the fault

diagnosis mode is higher than the clock frequency in the
normal mode and the clock frequency in the normal mode is
loWer than the clock frequency in the fault diagnosis mode.
Here, When the clock frequency of the clock is fclk, a transfer

function of ?lter circuit 39 is expressed by Equation 5, a phase
characteristic thereof is expressed by Equation 6, and a delay
time thereof is expressed by Equation 7.

quency is increased (the delay time becomes shorter). When
the clock frequency is loWer, the cutoff frequency is
decreased (the delay time becomes longer). The clock fre
quency is increased at the time of start to shorten the delay

time, thereby improving the diagnosis accuracy of fault diag
—

1

[Equation 5]

m’) = E ' W
+ c3- fclk
_

reducing the deterioration of the angular speed detection
1

[Equation 6]

<I>(w) _ arctzm(—w-C4
T : 6<I>(w)/6w

nosis. The clock frequency is loWered in the normal mode to
return the delay time to the original and the cutoff frequency
in a predetermined loW frequency range is secured, thereby
accuracy.

[0077]
[Equation 7]

[0071] According to Equations 5 to 7, the delay time of
?lter circuit 39 is caused by capacitor 43 (C3) and capacitor
70 (C4) as delay elements. It is also caused by clock fre
quency fclk. Particularly, as shoWn in Equation 6, When clock
frequency fclk is higher, the delay time is shortened. The
clock frequency is increased to fclk2 so as to shorten the delay

time in the fault diagnosis mode. In the normal mode, the
clock frequency is decreased to fclkl.
[0072] With the above con?guration, diagnosing means
Which shortens the delay time due to the delay elements
included in detecting circuit 37 for fault diagnosis is pro

vided. Accordingly, When the pseudo angular speed signal is
inputted to detecting circuit 37, responsibility is good so that
the diagnosis accuracy of fault diagnosis can be improved. As

In place of ?lter circuit 39 shoWn in FIG. 2, digital

?lter circuit 51 as shoWn in FIG. 10 may be used. Speci?cally,

the detecting signal from detecting electrode 34 shoWn in
FIG. 1 and the output signal from fault diagnosing circuit 38
are inputted to A/D converter circuit 56 shoWn in FIG. 10 and

are converted to digital signals. The digital signals are input
ted to ?rst ampli?er 52 having ampli?cation degree 0t and
delay device 54 Whose delay time T is determined by the
clock having clock frequency fclk supplied from clock fre
quency sWitching circuit 45. An output of delay device 54 is

inputted to second ampli?er 53 having ampli?cation degree
[3. The outputs of ?rst ampli?er 52 and second ampli?er 53 are
added by adder 55 for output.
[0078] Here, a transfer function of digital ?lter circuit 51 is
expressed by Equation 8, a phase characteristic thereof is
expressed by Equation 9, and a delay time thereof is

expressed by Equation 10.

shoWn in FIG. 9, the responsibility of the detecting signal
With respect to the input of the pseudo angular speed signal
for fault diagnosis becomes higher.

T(w) : a + ,B(coswT — j - sinwT)

—,B - sinwT

[0073] Filter circuit 39 Whose responsibility is determined
according to a clock frequency and Which ?lters the detecting
signal is provided. Filter circuit 39 is a sWitched capacitor

(Mm) : arm
T : 6<I>(w)/6w

[Equation 8]

[Equation 9]

a + ,BcoswT]
[Equation 10]

?lter. The clock frequency is sWitched by clock frequency
sWitching circuit 45 so that the clock frequency in the fault

diagnosis mode is higher than the clock frequency in the

[0079]

normal mode and the clock frequency in the normal mode is

is in proportion to the inverse number of clock frequency fclk

In this con?guration, delay time T of delay device 54
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of the clock supplied from clock frequency switching circuit

a fault diagnosing circuit Which inputs a pseudo angular

45. The clock frequency is increased so that delay time T of
delay device 54 can be reduced. An input and output delay
time of digital ?lter circuit 51 can be shorter. As a result, the
accuracy of fault diagnosis can be improved.

Wherein
the detecting circuit has a ?lter circuit Which ?lters the
detecting signal and sWitches a characteristic of the ?lter

INDUSTRIAL APPLICABILITY

2. The inertial force sensor according to claim 1, Wherein

[0080] The angular speed sensor according to the present
invention can improve detection sensitivity according to
operating mode, can realiZe high-speed and high-accuracy
fault diagnosis particularly in the fault diagnosis mode, and is
applicable to various electronic equipment.
1. An inertial force sensor comprising:
an oscillator having a driving electrode, a monitor elec

trode, and a detecting electrode;
a driving circuit Which applies a driving signal to the driv
ing electrode to oscillate the oscillator;
a detecting circuit Which detects an angular speed accord

ing to a detecting signal outputted from the detecting
electrode due to an inertial force;
an oscillation control circuit Which controls an energiZa

speed signal to the detecting circuit for fault diagnosis,

circuit in fault diagnosis mode.

the ?lter circuit Whose responsibility is determined according
to a clock frequency and the fault diagnosing circuit performs
fault diagnosis by making a cutoff frequency of the ?lter
circuit in the fault diagnosis mode higher than the cutoff
frequency in normal mode.
3. The inertial force sensor according to claim 1, Wherein

the ?lter circuit Whose responsibility is determined according
to a clock frequency and the fault diagnosing circuit performs
fault diagnosis by making the clock frequency in the fault
diagnosis mode higher than the clock frequency in the normal
mode.
4. The inertial force sensor according to claim 2 or 3,

Wherein fault diagnosis is performed only at the time of start.
5. The inertial force sensor according to claim 2 or 3,

Wherein fault diagnosis is performed at either the time of start
or the time of stable driving.

tion amount of the driving signal according to a monitor

signal outputted from the monitor electrode; and
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