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(57) ABSTRACT 

A sensing apparatus for use in a non-horizontally rnounted 
vehicle navigation system includes a chip having a sensing 
element for detecting a direction based on an amount of a 

physical quantity applied thereto. The sensing element is 
arranged in the chip so as to at least partly compensate for 
the non-horizontal mounting of the vehicle navigation sys 
tern in Which the sensing apparatus is used. 
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SENSING APPARATUS FOR A NAVIGATION 
SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of application Ser. 
No. 10/356,597, ?led Feb. 3, 2003. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0002] The present invention relates to a sensing apparatus 
and movable body-mountable electronic equipment utilizing 
such an apparatus, and particularly to a sensing apparatus for 
detecting a physical quantity having a direction, such as 
acceleration and the electronic equipment, Which utiliZes 
such a sensing apparatus and is to be mounted on a movable 
body such as a vehicle. 

[0003] There has recently been Widely available an appa 
ratus for detecting the current position of a vehicle to 
facilitate movement of the vehicle, i.e., a so-called naviga 
tion apparatus. 

[0004] The conventional navigation apparatus utiliZes a 
so-called GPS (Global Positioning System) as Well as 
another system for independently obtaining the traveling 
direction and distance of the vehicle from a predetermined 
reference point (more speci?cally, the starting point from 
Which the vehicle travels), so as to detect the current position 
of the vehicle. 

[0005] Many of the conventional navigation apparatus are 
provided With a gyro-sensor and an accelerometer for detect 
ing acceleration applied to the vehicle, in order to obtain the 
current position, traveling direction and/or change in veloc 
ity of the vehicle With the use of the above-mentioned 
system for independently obtaining the current position 
thereof. 

[0006] The conventional sensor such as the gyro-sensor 
and accelerometer has a detection reference axis along 
Which the direction and amount of acceleration are detected. 
In actual cases, such a detection reference axis is provided 
in the form of a physical element or an imaginary element, 
taking into consideration the direction of acceleration to be 
detected by means of the sensor. The positional determina 
tion of such a detection reference axis relative to the sensor 
is made Without taking into consideration a possibility that 
the navigation apparatus in Which the sensor is mounted, 
may not be disposed on a horiZontal plane. More speci? 
cally, these sensors having the predetermined characteristic 
features are mounted on the navigation apparatus, on the 
assumption that the respective detection reference axes are 
in parallel With a ground on Which the vehicle drives. In such 
a case, the navigation apparatus is disposed on the vehicle so 
as to be also in parallel With the ground. 

[0007] On the other hand, miniaturiZation of the naviga 
tion apparatus has recently advanced, thus making it pos 
sible to dispose the navigation apparatus in a central console 
of the vehicle. 

[0008] With respect to an operation for disposing the 
navigation apparatus in the central console, in many cases, 
the navigation apparatus is placed so that the front surface of 
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an operation panel of the navigation apparatus, on Which a 
display unit and operation sWitches such as buttons are 
placed, is inclined relative to the vertical direction so as to 
face upWard, in vieW of improvement in vieWability of the 
display unit and operability of the sWitches. In a case Where 
the navigation apparatus is placed on or under the other 
audio apparatus in the central console, the navigation appa 
ratus is usually disposed so that the front surface of the 
operation panel is inclined relative to the vertical direction 
so as to face upWard. Such a positional relationship can be 
achieved by mounting the navigation apparatus in itself in 
the central console in a tilted state (more speci?cally, so that 
the rear side of the navigation apparatus (Which is the front 
side in the traveling direction of the vehicle) is placed loWer 
than the front side thereof. 

[0009] The sWitches such as the buttons of the navigation 
apparatus are usually operated With loWer frequency than 
those of the other audio apparatus. Such a tendency may lead 
to a situation that the navigation apparatus is placed under 
the other audio apparatus in the central console. As a result, 
there may be a case Where the inclination angle of the 
navigation apparatus as mounted relative to the horiZontal 
plane becomes excessively large (more speci?cally, over the 
alloWable angle (for example, 30 degrees) as described later. 

[0010] In the above-described case, the direction of the 
detection reference axis of the sensor greatly deviates from 
the direction of acceleration actually applied to the sensor 
during an actual detection (i.e., the horiZontal direction), 
thus causing an error such as offset in sensitivity of the 
sensor. As a result, there occur problems of deterioration of 
accuracy of positioning the current position and velocity of 
the vehicle. 

[0011] NoW, such problems Will be described more in 
detail With reference to FIG. 8. FIG. 8 is a descriptive vieW 
illustrating the central console 102 in Which the navigation 
apparatus 100 provided With the accelerometer 101 is 
mounted. 

[0012] When the navigation apparatus 100 is inclined 
relative to the horiZontal plane so that the operation panel 
103 faces upWard so as to be ?tted into a receiving space of 
the central console 102, as shoWn in FIG. 8, the detection 
reference axis “G” of the accelerometer 101 is also inclined 
relative to the horiZontal plane by the mounting angle “O” 
of the navigation apparatus 100 in accordance With the 
inclination thereof. 

[0013] If the assumption is made that the vehicle drives 
forWard to move rightWard in FIG. 8, the acceleration 
actually applied to the navigation apparatus 100 during such 
a forWard movement can be expressed by “Ax” having the 
opposite directional component to the forWard movement. 

[0014] When the acceleration “Ax” actually applied to the 
navigation apparatus 100 is detected by means of the accel 
erometer 101 having the detection reference axis, Which is 
inclined by the mounting angle “8” of the navigation 
apparatus 100, the accelerometer 101 outputs the accelera 
tion “Gx (Gx=cos ®><Ax)” as the detection result, Which has 
the smaller value than the actually applied acceleration 
“Ax”. 

[0015] On the other hand, acceleration vertically and 
upWardly applied to the navigation apparatus 100 (i.e., the 
vertically and upWardly applied thereto due to vibration of 
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the vehicle and an impactive force from the ground) can be 
expressed by the acceleration “AZ”, Which is perpendicular 
to the above-mentioned acceleration “Ax”. 

[0016] When the acceleration “AZ” actually applied to the 
navigation apparatus 100 is detected by means of the accel 
erometer 101 in the same manner as the acceleration “AZ”, 
the accelerometer 101 outputs the acceleration “GZ (GZ=sin 
®><AZ)” as the detection result, Which is the sine element of 
the actually applied acceleration “AZ”. 

[0017] The acceleration “At”, Which is detected through 
vector sum of the accelerations “Gx” and “GZ” as mentioned 
above by the accelerometer 101, can be expressed by the 
following formula: 

[0018] The resultant acceleration “At” differs from the 
acceleration “Ax” to be actually detected. Such a difference 
causes an error, Which deteriorates accuracy of positioning 
the current position of the vehicle. As the mounting angle 
“6)” of the navigation apparatus 100 increases, a tendency 
that the acceleration “Ax” to be actually detected is more 
remarkably in?uenced by the vertical acceleration “AZ”, 
rather than the acceleration “Ax” in the traveling direction of 
the vehicle, becomes more remarkable, thus leading to a 
noticeable error. 

[0019] The conventional navigation apparatus has recently 
made a correction of the detection results obtained by the 
accelerometer or the gyro-sensor through a processing 
operation based on softWare for correcting the error. In 
addition, there has also been adopted a system for improving 
the accuracy of correction through a continuous learning 
process along With the movement of the vehicle. 

[0020] HoWever, the error correction carried out by the 
above-mentioned processing operation does not provide 
sufficient correcting effects, immediately after the naviga 
tion apparatus is mounted on the vehicle, thus causing a 
problem. 

[0021] In addition, even When the error correction is 
carried out utiliZing the softWare for correcting the error, an 
increased mounting angle “6)” (for example, exceeding 30 
degrees) may be outside the range of alloWable angle, Which 
has been predetermined for the sensor, thus also causing a 
problem. 

[0022] It is conceivable to dispose the sensor in the 
navigation apparatus in the manufacturing process so that 
the above-mentioned mounting angle is decreased, thus 
avoiding the error of positioning due to the above-mentioned 
mounting angle. In such a case, it is necessary to dispose the 
sensor in the navigation apparatus so as to be inclined in a 
predetermined direction through speci?c measures or struc 
tural components, for the purpose of avoiding the above 
mentioned error. Consequently, this leads to increased cost 
for manufacturing the navigation apparatus and reduction in 
yields. 

[0023] In addition, disposing the sensor in the navigation 
apparatus so as to be inclined may hinder an effective use of 
the limited space in the casing of the navigation apparatus. 
Giving a higher priority to the above-mentioned measures to 
avoid the error may have an in?uence on the siZe of the 
navigation apparatus. 
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SUMMARY OF THE INVENTION 

[0024] An object of the present invention, Which Was 
made to solve the above-mentioned problems, is therefore to 
provide a sensing apparatus, Which detects acceleration 
applied to a vehicle, Without causing an error of positioning 
due to the above-mentioned mounting angle, thus avoiding 
the problems of increased cost for manufacturing the navi 
gation apparatus and reduction in yields, on the one hand, 
and an electronic equipment to be mounted on a movable 
body, Which utiliZes such a sensing apparatus. 

[0025] In order to attain the aforementioned object, the 
sensing apparatus of the ?rst aspect of the present invention 
comprises: 

[0026] a sensing unit for detecting a direction and an 
amount of physical quantity applied thereto, said 
sensing unit having a detection reference axis along 
Which the direction and the amount of the physical 
quantity are detected; and 

[0027] a supporting unit for stationarily supporting 
said sensing unit; 

[0028] Wherein: 

[0029] said sensing unit is inclined relative to said 
supporting unit by an angle, said angle being prede 
termined so that a difference in angle betWeen said 
detection reference axis and the direction of said 
physical quantity actually applied to said sensing 
unit When detecting the direction and the amount of 
said physical quantity is minimiZed. 

[0030] Here, the sensing unit is inclined clockWise or 
counterclockwise relative to the direction of the physical 
quantity on a plane including the direction of the physical 
quantity. 
[0031] Securing the sensing unit on the supporting unit so 
that the above-mentioned difference in angle is minimiZed 
makes it possible to accurately detect the amount and 
direction of the physical quantity. 

[0032] In a case Where the detected results from the 
sensing apparatus is subjected to an optional correction 
operation such as a processing operation to provide more 
accurate results, the range of possible error to be corrected 
is remarkably expanded, since the above-mentioned differ 
ence in angle is minimiZed in the sensing apparatus in itself. 

[0033] In addition, it is possible to amount the sensing 
apparatus on an electronic equipment in the same manner as 
the conventional measures or through the conventional 
?tting elements during the manufacture of such an electronic 
equipment, Without taking into consideration any measures 
to reduce the above-mentioned difference in angle. As a 
result, an effective use of the limited space in the casing of 
the electronic equipment can be ensured, the manufacturing 
cost can be decreased and the yields can be improved. 

[0034] In the second aspect of the present invention, there 
may be adopted a structure in Which said supporting unit 
comprises a base member and a mounting member secured 
to said base member; and said sensing unit is mounted on 
said mounting member. 

[0035] The above-mentioned difference in angle is mini 
miZed by connection of the mounting member, Which is 
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placed between the sensing unit and the base member, With 
the sensing unit, thus making it possible to accurately detect 
the physical quantity in a simple structure. In addition, With 
respect to the other structural components than the above, 
there can be used the corresponding same components in the 
conventional sensing apparatus, thus making it possible to 
decrease the manufacturing cost and improve the yields. 

[0036] In the third aspect of the present invention, there 
may be adopted a structure in Which said mounting member 
has a slit formed therein; said sensing unit has a counter-slit 
formed therein; and said sensing unit is mounted on said 
mounting member so that said counter-slit of said sensing 
unit engages With said slit of said mounting member. 

[0037] Merely forming the slit in the mounting member so 
as to incline to the predetermined direction, by Which the 
above-mentioned difference in angle can be minimiZed, 
makes it possible to support the sensing unit on the mounting 
member in an appropriate manner, thus reducing the manu 
facturing cost of the sensing apparatus. 

[0038] The structure in Which the counter-slit of the sens 
ing unit engages With the slit of the mounting member 
ensures an appropriate mounting state of the sensing unit on 
the mounting member, thus making it possible to manufac 
ture the sensing apparatus in simple manufacturing pro 
cesses. 

[0039] In the fourth aspect of the present invention, there 
may be adopted a structure in Which said sensing unit 
comprises a plurality of detection discs disposed in parallel 
With each other and a supporting shaft passing through a 
center of each of said detection discs to support said detec 
tion discs thereon, said supporting shaft serving as said 
detection reference axis; and said supporting shaft is secured 
to said supporting unit. 

[0040] The sensing unit includes the supporting shaft, 
Which is inclined so that the above-mentioned difference in 
angle is minimiZed. It is therefore possible to accurately 
detect physical quantity in a simple structure, even When the 
sensing unit further includes the detection discs supported 
on the supporting shaft, thus permitting reduction in the 
manufacturing cost and improvement in yields. 

[0041] In the ?fth aspect of the present invention, there 
may be adopted a structure in Which said detection discs 
comprises a stationary electrode, Which is stationarily sup 
ported on said supporting shaft and a pair of movable 
electrodes, Which are supported on said supporting shaft on 
opposite sides of said stationary electrode so as to be 
movable in a direction of said supporting shaft. 

[0042] Such a structure provides an accurate detection of 
physical quantity in a simple manner, thus permitting reduc 
tion in the manufacturing cost and improvement in yields. 

[0043] Further, in order to attain the aforementioned 
object, the electronic equipment of the siXth aspect of the 
present invention comprises: 

[0044] 
[0045] a sensing apparatus provided in said main 

body, said sensing apparatus comprising a sensing 
unit for detecting a direction and an amount of 
physical quantity applied thereto, said sensing unit 
having a detection reference aXis along Which the 

a main body; and 
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direction and the amount of the physical quantity are 
detected; and (ii) a supporting unit for stationarily 
supporting said sensing unit; 

[0046] Wherein: 

[0047] said sensing unit is inclined relative to said 
supporting unit by an angle, said angle being prede 
termined so that a difference in angle betWeen said 
detection reference aXis and the direction of said 
physical quantity actually applied to said sensing 
unit When detecting the direction and the amount of 
said physical quantity is minimiZed. 

[0048] The sensing unit is inclined so that the above 
mentioned difference in angle is minimiZed, taking into 
consideration a mounting angle, by Which the electronic 
equipment including the sensing unit is mounted on the 
movable body, thus enabling the sensing unit in the elec 
tronic equipment to detect accurately the direction and 
amount of physical quantity. In addition, the sensing appa 
ratus per se has a structure in Which the above-mentioned 
difference in angle is minimiZed, Without need to provide 
independently any mechanism for inclining the sensing 
apparatus in itself. The above-mentioned structure has no 
in?uence on the effective use of the limited space in the 
electronic equipment, Which is mountable on the movable 
body, thus permitting reduction in the manufacturing cost of 
the electronic equipment and improvement in yields. 

[0049] The seventh to tenth aspects of the present inven 
tion have the same features as those of the above-mentioned 
second to ?fth aspects of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] FIG. 1 is a partial perspective vieW of a room of an 
automobile, illustrating a central console in Which a navi 
gation apparatus utiliZing a sensing apparatus of the ?rst 
embodiment of the present invention; 

[0051] FIG. 2(a) is a perspective vieW illustrating an 
angular velocity sensor serving as a sensing unit of the 
sensing apparatus of the ?rst embodiment of the present 
invention and FIG. 2(b) is a side vieW of the angular 
velocity sensor as shoWn in FIG. 2(a); 

[0052] FIG. 3(a) is a perspective vieW illustrating the 
internal structure of the angular velocity sensor used in the 
?rst embodiment of the present invention, FIG. 3(b) is a 
front vieW of the angular velocity sensor, vieWed in a 
direction “X” as shoWn in FIG. 3(a), FIG. 3(a) is a side 
vieW of the angular velocity sensor, vieWed in a direction 
“Y” as shoWn in FIG. 3(a), FIG. 3(LD is a perspective vieW 
of a sensing element serving as the sensing unit and FIG. 
3(e) is a perspective vieW of a mounting member serving as 
a support unit; 

[0053] FIG. 4(a) is a perspective vieW illustrating the 
angular velocity sensor used in the second embodiment of 
the present invention, FIG. 4(b) is a rear vieW of the angular 
velocity sensor, vieWed in a direction “X” as shoWn in FIG. 
4(a) and FIG. 4(a) is a side vieW of the angular velocity 
sensor, vieWed in a direction “Y” as shoWn in FIG. 4(a); 

[0054] FIG. 5(a) is a perspective vieW illustrating the 
internal structure of the angular velocity sensor used in the 
second embodiment of the present invention, FIG. 5(b) is a 
side vieW of the angular velocity sensor, vieWed in a 
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direction “X” as shown in FIG. 5(a) and FIG. 5(a) is a rear 
vieW of the angular velocity sensor, vieWed in a direction 
“Y” as shoWn in FIG. 5(a); 

[0055] FIG. 6(a) is a perspective vieW illustrating a chip 
sensor serving as the sensing unit used in the third embodi 
ment of the present invention, FIG. 6(b) is a side vieW of the 
chip sensor, vieWed in a direction “X” as shoWn in FIG. 6(a) 
and FIG. 6(a) is a rear vieW of the chip sensor, vieWed in a 
direction “Y” as shoWn in FIG. 6(a); 

[0056] FIG. 7 is a vieW illustrating the internal structure 
of the chip sensor of the third embodiment of the present 
invention; and 

[0057] FIG. 8 is a descriptive vieW illustrating the con 
ventional sensing apparatus. 

DETAILED DESCRIPTION EXAMPLE 
EMBODIMENTS 

[0058] NoW, embodiments of a sensing apparatus and 
movable body-mountable electronic equipment of the 
present invention Will be described in detail beloW With 
reference to the accompanying draWings. 

[0059] There are described beloW the embodiments in 
Which the present invention is applied to the sensing appa 
ratus secured in the navigation apparatus serving as the 
electronic equipment that is mounted on a vehicle to provide 
a navigating effect. 

[0060] [I] First Embodiment 

[0061] NoW, description Will be given of the ?rst embodi 
ment of the present invention With reference to FIGS. 1 to 

3(6). 
[0062] In the ?rst embodiment, the present invention is 
applied to a gyro-sensor (angular velocity sensor) for detect 
ing angular velocity applied to a vehicle, When turning to the 
right or left. 

[0063] FIG. 1 is a partial perspective vieW of a room of an 
automobile, illustrating a central console including a navi 
gation apparatus utiliZing a sensing apparatus of the ?rst 
embodiment of the present invention. FIG. 2(a) is a per 
spective vieW illustrating an angular velocity sensor serving 
as a sensing unit of the sensing apparatus of the ?rst 
embodiment of the present invention and FIG. 2(b) is a side 
vieW of the angular velocity sensor as shoWn in FIG. 2(a). 
FIG. 3(a) is a perspective vieW illustrating the internal 
structure of the angular velocity sensor used in the ?rst 
embodiment of the present invention, FIG. 3(b) is a front 
vieW of the angular velocity sensor, vieWed in a direction 
“X” as shoWn in FIG. 3(a), FIG. 3(a) is a side vieW of the 
angular velocity sensor, vieWed in a direction “Y” as shoWn 
in FIG. 3(a), FIG. 3(a) is a perspective vieW of a sensing 
element serving as the sensing unit and FIG. 3(6) is a 
perspective vieW of a mounting member serving as a support 
unit. 

[0064] The navigation apparatus 1 according to the ?rst 
embodiment of the present invention is mounted in the loWer 
position of the central console 102, Which is located in the 
front side of the room of the vehicle “C”, so that an operation 
panel 2 of the navigation apparatus 1 is eXposed in the 
vehicle room. 
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[0065] A retractable display “D” serving as a display unit, 
Which is used in a navigation processing as carried out by the 
navigation apparatus 1, is disposed through a support mem 
ber above the navigation apparatus 1 in the upper portion of 
the central console 102. 

[0066] The navigation apparatus 1 is mounted in an 
inclined state relative to the horiZontal plane including the 
traveling direction of the vehicle “C” so that the rear side 
(Which is the front side in the traveling direction of the 
vehicle), Which is deeply inserted into the central console, is 
placed loWer than the front side thereof, as shoWn in FIG. 
1. The operation panel 2 of the navigation apparatus 1 is 
directed obliquely upWard to an operator in this manner, so 
as to improve operability of the operation panel 2. 

[0067] NoW, description Will be given beloW of a structure 
of the angular velocity sensor provided in the navigation 
apparatus 1 according to the ?rst embodiment of the present 
invention, With reference to FIGS. 2(a) to 3(6). In the ?rst 
embodiment, the gyro-sensor utiliZing a tuning fork-type 
pieZoelectric element is used as the angular velocity sensor. 

[0068] As shoWn in FIG. 2(a), the angular velocity sensor 
10 according to the ?rst embodiment of the present inven 
tion has a rectangular parallelepiped shape, Which is de?ed 
by a casing 11 and a side plate 12 serving as the base 
member. The side plate 12 has connection terminals 13 
formed thereon, Which are connected to an internal circuit 
enclosed in the side plate 12 and the casing 11. The angular 
velocity sensor 10 is supported on a holder 14. The holder 
14 is provided on its loWer side With legs 15, Which are ?Xed 
to a base plate 20 described later of the apparatus. 

[0069] The above-mentioned connection terminals 13 are 
electrically connected to holder terminals 16 through a 
printed circuit (not shoWn), Which is held betWeen the holder 
14 and the side plate 12. Consequently, the connection 
terminals 13 are electrically connected to the base plate 20 
of the apparatus through the holder terminals 16. 

[0070] NoW, description Will be given beloW of a mount 
ing state of the angular velocity sensor 10 on the navigation 
apparatus 1, With reference to FIG. 2(b). FIG. 2(b) is a side 
vieW illustrating a mounting state of the angular velocity 
sensor 10, vieWed in the direction shoWn by a double-lined 
arroW in FIG. 2(a). 

[0071] As shoWn in FIG. 2(b), the angular velocity sensor 
10 is vertically ?Xed, at its legs 15, on the base plate 20 of 
the apparatus, Which is secured parallelly on the bottom of 
a casing 21 of the navigation apparatus 1. The internal circuit 
of the angular velocity sensor 10 and the base plate 20 of the 
apparatus are electrically connected to each other through 
the above-mentioned holder terminals 16. 

[0072] NoW, the internal structure of the angular velocity 
sensor 10 Will be described With reference to FIGS. 3(a) to 
3(6). FIG. 3(a) is a perspective vieW illustrating the internal 
structure of the angular velocity sensor 10 from Which the 
casing 11 is removed, FIG. 3(b) is a front vieW of the 
angular velocity sensor 10, vieWed in a direction “X” as 
shoWn in FIG. 3(a), FIG. 3(a) is a side vieW of the angular 
velocity sensor 10, vieWed in a direction “Y” as shoWn in 
FIG. 3(a), FIG. 3(a) is a perspective vieW of a sensing 
element 27 serving as the sensing unit and FIG. 3(6) is a 
perspective vieW of a mounting member 26 serving as a 
support unit. 
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[0073] As shown in FIGS. 3(a) to 3(e), the turning fork 
type sensing element 27 serving as the sensing unit, for 
detecting the direction and amount of angular velocity 
actually applied to the vehicle “C” is supported by the 
mounting member 26 serving as the supporting unit, in the 
inside of the angular velocity sensor 10. The mounting 
member 26 is ?xed on the side plate 12. The direction of the 
detection reference axis “G” of the sensing element 27 
coincides With the direction perpendicular to the longitudi 
nal direction of the sensing element 27 on the vertical plane 
including the traveling direction of the vehicle “C”, as 
shoWn in FIG. 3(c). 

[0074] An internal circuit board 25 is disposed on the 
inner side of the side plate 12 and ?xed thereto. The inner 
circuit board 25 has a recess in Which the mounting member 
26 is received. The inner circuit board 25 is provided thereon 
With an internal circuit (not shoWn), Which is electrically 
connected to the sensing element 27 and the connection 
terminals 13, so as to execute necessary processing for 
detection of angular velocity applied to the vehicle “C”. 

[0075] In such a structure, the sensing element 27 is 
supported on the side plate 12 through the mounting member 
26 so as to incline in the opposite direction to the traveling 
direction of the vehicle “C” by the angle “6” on the vertical 
plane including such a traveling direction, as shoWn in 
FIGS. 3(a) to 3(a). The sensing element 27 does not incline 
relative to the vertical plane thereon, Which is perpendicular 
to the traveling direction of the vehicle “C” (i.e., in the 
rightWard or leftWard direction in FIG. 3(b)). 

[0076] The angular velocity sensor 10 having the internal 
structure as described above is vertically ?xed on the base 
plate 20 of the apparatus, Which is placed stationarily on the 
bottom of the casing 21 so as to be in parallel thereWith, as 
shoWn in FIG. 2(b). When the navigation apparatus 1 
including the casing 21 is mounted in the central console 
102, the rear side of the navigation apparatus 1 is placed 
loWer than the front side thereof so that the navigation 
apparatus 1 in itself inclines on the vertical plane including 
the traveling direction of the vehicle “C”. As a result, the 
angular velocity sensor 10 is placed in a turned state in the 
counterclockwise direction in FIG. 3(c) so that the differ 
ence in angle betWeen the detection reference axis “G” as 
shoWn in FIG. 3(c) and the traveling direction of the vehicle 
“C” is minimiZed by an angle “8” as shoWn in FIG. 3(c). 

[0077] When the detection of the angular velocity applied 
to the vehicle “C” is made through the angular velocity 
sensor 10, a correction operation is carried out optionally to 
correct a possible error due to the mounting angle of the 
navigation apparatus 1, through a processing circuit (not 
shoWn) included therein based on the similar error correc 
tion program to the conventional prior art. In this case, the 
sensing element 2 inclines by the predetermined angle “6” to 
compensate the mounting angle of the navigation apparatus 
1, as shoWn in FIG. 3(c), With the result that there actually 
suffices execution of the processing operation for correcting 
only the difference in angle betWeen the inclination angle of 
the navigation apparatus 1 mounted in the central console 
102 relative to the horiZontal direction (i.e., the mounting 
angle of the navigation apparatus) and the above-mentioned 
angle “6”. 
[0078] NoW, description Will be given beloW of a Way of 
mounting the sensing element 27 on the mounting member 
26 With reference to FIGS. 3(a) and 3(6). 
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[0079] As shoWn in FIG. 3(e), the mounting member 26 
has a slit 26a formed therein. The longitudinal direction of 
the slit 26a inclines in the opposite direction to the traveling 
direction of the vehicle “C” by the above-mentioned angle 
“6”. On the other hand, as shoWn in FIG. 3(a), the sensing 
element 27 has a counter-slit 27a formed at its end so as to 
extend in the longitudinal direction. The extending direction 
of the slit 27a is perpendicular to the detection reference axis 
“G”. The sensing unit 27 is mounted on the mounting 
member 26 so that the counter-slit 27a of the sensing 
element 27 engages With the slit 26a of the mounting 
member 26, as shoWn in FIGS. 3(a) and 3(a). The sensing 
element 27 and the mounting member 26, Which is kept in 
such an engaging state, are ?xed to each other through 
adhesive. 

[0080] In the structure as described above of the angular 
velocity sensor 10 of the ?rst embodiment of the present 
invention, the sensing element 27 is ?xed in an inclined state 
in the assembling step of the angular velocity sensor 10 so 
that the above-mentioned difference in angle is minimiZed, 
thus making it possible to detect accurately the direction and 
amount of angular velocity. 

[0081] In case Where the detected results from the angular 
velocity sensor 10 is subjected to an optional correction 
operation such as a processing operation to provide more 
accurate results, the range of possible error to be corrected 
is remarkably expanded, since the above-mentioned differ 
ence in angle is minimiZed in the angular velocity sensor 10 
in itself. 

[0082] In addition, it is possible to mount the angular 
velocity sensor 10 on the navigation apparatus 1 in the same 
manner as the conventional measures or through the con 

ventional ?tting elements during the manufacture of the 
navigation apparatus 1, Without taking into consideration 
any measures to reduce the above-mentioned difference in 
angle. As a result, an effective use of the limited space in the 
casing of the navigation apparatus 1 can be ensured, the 
manufacturing cost can be decreased and the yields can be 
improved. 

[0083] The above-mentioned difference in angle is mini 
miZed by connection of the mounting member 26, Which is 
placed betWeen the sensing element 27 and the side plate 12, 
With the sensing element 27, thus making it possible to 
accurately detect the angular velocity in a simple structure. 
In addition, With respect to the other structural components 
than the above, there can be used the corresponding same 
components in the conventional angular velocity sensor, 
thus making it possible to decrease the manufacturing cost 
and improve the yields. 

[0084] The sensing element 27 is placed in the speci?c 
position merely by inclining the slit 26a of the mounting 
member 26 in the predetermined direction by the angle “6” 
so that the above-mentioned difference in angle is mini 
miZed, thus reducing the manufacturing cost of the angular 
velocity sensor 10. 

[0085] The engagement of the counter-slit 27a of the 
sensing element 27 With the slit 26a of the mounting 
member 26 enables the sensing element 27 to be secured to 
the mounting member 26, thus permitting manufacture of 
the angular velocity sensor 10 in a simpler manufacturing 
process. 
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[0086] The inclination direction and angle “6” of the 
sensing element 27 are predetermined so that the above 
mentioned difference in angle is minimized, taking into 
consideration the mounting angle, by Which the navigation 
apparatus 1 including the angular velocity sensor 10 is 
mounted on the vehicle “C”, thus enabling the sensing 
element 27 in the navigation apparatus 1 to detect accurately 
the direction and amount of angular velocity. In addition, the 
angular velocity sensor 10 per se has the structure in Which 
the above-mentioned difference in angle is minimiZed, With 
out need to provide independently any mechanism for 
inclining the angular velocity sensor 10 in itself. The above 
mentioned structure has no in?uence on the effective use of 
the limited space in the navigation apparatus 1, Which is 
mountable on the vehicle “C”, thus permitting reduction in 
the manufacturing cost of the navigation apparatus 1 and 
improvement in yields. 

[0087] [II] Second Embodiment 

[0088] NoW, description Will be given of the second 
embodiment of the present invention With reference to 
FIGS. 4(a) to 5(c). 

[0089] In the second embodiment, the present invention is 
applied to a capacitance accelerometer for detecting accel 
eration applied to a vehicle, When increasing or reducing 
velocity thereof, While, in the ?rst embodiment, the present 
invention is applied to the gyro-sensor (i.e., the angular 
velocity sensor) utiliZing the tuning fork-type pieZoelectric 
element. 

[0090] The Way of mounting the navigation apparatus 
provided With the accelerometer of the second embodiment 
is the same as that of the navigation apparatus 1 of the ?rst 
embodiment as shoWn in FIG. 1. The detailed description 
thereof is omitted. 

[0091] NoW, description Will be given beloW of the struc 
ture of the accelerometer according to the second embodi 
ment, Which is mounted on the navigation apparatus, With 
reference to FIGS. 4(a) to 5(c). 

[0092] As shoWn in FIG. 4(a), the accelerometer 30 
according to the second embodiment has a rectangular 
parallelepiped shape, Which is de?ned by a casing 31. The 
casing 31 is provided on its loWer side With legs 32 by Which 
the accelerometer 30 is secured on the base plate 20 of the 
apparatus. The casing 31 has connection terminals 33 
formed thereon, Which are connected to an internal circuit 
enclosed in the casing 31. The above-mentioned internal 
circuit is electrically connected through the connection 
terminals 33 to the base plate 20 of the apparatus. 

[0093] NoW, description Will be given beloW of a mount 
ing state of the accelerometer 30 on the navigation apparatus 
1 of the second embodiment, With reference to FIGS. 4(b) 
and 4(c). FIG. 4(b) is a rear vieW of the accelerometer 30 as 
mounted, vieWed in a direction “X” as shoWn in FIG. 4(a) 
and FIG. 4(a) is a side vieW of the accelerometer as 
mounted, vieWed in a direction “Y” as shoWn in FIG. 4(a). 

[0094] As shoWn in FIGS. 4(b) and 4(a), the accelerometer 
30 is vertically ?xed, at its legs 32, on the base plate 20 of 
the apparatus, Which is secured parallelly on the bottom of 
the casing 21 of the navigation apparatus of the second 
embodiment. The internal circuit of the accelerometer 30 
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and the base plate 20 of the apparatus are electrically 
connected to each other through the connection terminals 
33. 

[0095] NoW, the internal structure of the accelerometer 30 
Will be described With reference to FIGS. 5(a) to 5(c). FIG. 
5(a) is a perspective vieW illustrating the internal structure 
of the accelerometer 30 from Which the casing 31 is 
removed, FIG. 5(b) is a side vieW of the accelerometer 30, 
vieWed in a direction “X” as shoWn in FIG. 5(a) and FIG. 
5(a) is a rear vieW of the accelerometer 30, vieWed in a 
direction “Y” as shoWn in FIG. 5(a). 

[0096] As shoWn in FIGS. 5(a) to 5(a), the sensing unit 50 
for detecting the direction and amount of acceleration actu 
ally applied to the vehicle “C” is secured on an internal 
circuit board 35 in the accelerometer 30. The connection 
terminals 33 eXtend from the internal circuit board 35. 

[0097] The sensing unit 50 includes a pair of disc-shaped 
guard electrodes 37, 38, a pair of disc-shaped movable 
electrodes 41, 42 serving as detecting discs, Which are 
placed betWeen the guard electrodes 37, 38, a rectangular 
stationary electrode 36, Which is placed betWeen the mov 
able electrodes 41, 42, and a supporting shaft 39 passing 
through the central portion of each of the guard electrodes 
37, 38, the movable electrodes 41, 42 and the stationary 
electrode 36. The supporting shaft 39 is secured at its one 
end on a base plate 43. A nut 40 is ?tted to the other end of 
the supporting shaft 39 and tighten so that the guard elec 
trodes 37, 38, the movable electrodes 41, 42 and the sta 
tionary electrode 36 are held betWeen the base plate 43 and 
the nut 40 on the supporting shaft 39. The central aXis of the 
supporting shaft 39 coincides With the detection reference 
aXis “G” on the vertical plane including the traveling direc 
tion of the vehicle “C”, Which is perpendicular to the internal 
circuit board 35. 

[0098] The inner circuit board 35 is provided thereon With 
an internal circuit (not shoWn), Which is electrically con 
nected to the sensing unit 50 and the connection terminals 
13, so as to execute necessary processing for detection of 
acceleration applied to the vehicle “C”. 

[0099] In such a structure, the sensing unit 50 is supported 
on the inner circuit board 35 through the base plate 43 so as 
to incline in the opposite direction to the traveling direction 
of the vehicle “C” by the angle “6” on the vertical plane 
including such a traveling direction, as shoWn in FIG. 5(b). 

[0100] The accelerometer 30 having the internal structure 
as described above is vertically ?Xed on the base plate 20 of 
the apparatus, Which is placed stationarily on the bottom of 
the casing 21 so as to be in parallel thereWith, as shoWn in 
FIG. 4(b). When the navigation apparatus 1 according to the 
second embodiment, including the casing 21 is mounted in 
the central console 102, the rear side of the navigation 
apparatus 1 is placed loWer than the front side thereof so that 
the navigation apparatus 1 in itself inclines on the vertical 
plane including the traveling direction of the vehicle “C” in 
the same manner as the ?rst embodiment of the present 
invention. As a result, the accelerometer 30 is placed in a 
turned state in the counterclockwise direction in FIG. 5(b) 
so that the difference in angle betWeen the detection refer 
ence aXis “G” as shoWn in FIG. 5(b) and the traveling 
direction of the vehicle “C” is minimiZed by an angle “6” as 
shoWn in FIG. 5(b). 
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[0101] When the detection of the acceleration applied to 
the vehicle “C” is made through the accelerometer 30, a 
correction operation is carried out optionally to correct a 
possible error due to the mounting angle of the navigation 
apparatus 1, through a processing circuit (not shoWn) 
included therein based on the similar error correction pro 
gram to the conventional prior art, in the same manner as the 
?rst embodiment of the present invention. In this case, the 
sensing unit 50 inclines by the predetermined angle “6” to 
compensate the mounting angle of the navigation apparatus 
1, as shoWn in FIG. 3(c), With the result that there actually 
suffices execution of the processing operation for correcting 
only the difference in angle betWeen the inclination angle of 
the navigation apparatus 1 mounted in the central console 
102 relative to the horiZontal direction (i.e., the mounting 
angle of the navigation apparatus) and the above-mentioned 
angle “6”. 

[0102] In the structure as described above of the acceler 
ometer 30 of the ?rst embodiment of the present invention, 
the sensing unit 50 is ?xed in an inclined state in the 
assembling step of the accelerometer 30 so that the above 
mentioned difference in angle is minimiZed, thus making it 
possible to detect accurately the direction and amount of 
acceleration. 

[0103] In case Where the detected results from the accel 
erometer 30 is subjected to an optional correction operation 
such as a processing operation to provide more accurate 
results, the range of possible error to be corrected is remark 
ably expanded, since the above-mentioned difference in 
angle is minimiZed in the accelerometer 30 in itself. 

[0104] In addition, it is possible to amount the accelerom 
eter 30 on the navigation apparatus 1 in the same manner as 
the conventional measures or through the conventional 
?tting elements during the manufacture of the navigation 
apparatus 1 of the second embodiment of the present inven 
tion, Without taking into consideration any measures to 
reduce the above-mentioned difference in angle. As a result, 
an effective use of the limited space in the casing of the 
navigation apparatus 1 can be ensured, the manufacturing 
cost can be decreased and the yields can be improved. 

[0105] Further, the structure that the supporting shaft 39 of 
the sensing unit 50 inclines makes it possible to detect 
accurately physical quantity in a simpler structure, decrease 
the manufacturing cost and improve the yields, even When 
the capacitance sensing unit 50 supported on the supporting 
shaft 38 is used. 

[0106] The inclination direction and angle “6” of the 
sensing unit 50 are predetermined so that the above-men 
tioned difference in angle is minimiZed, taking into consid 
eration the mounting angle, by Which the navigation appa 
ratus 1 including the accelerometer 30 is mounted on the 
vehicle “C”, thus enabling the sensing unit 50 in the navi 
gation apparatus 1 to detect accurately the direction and 
amount of acceleration. In addition, the accelerometer 30 per 
se has the structure in Which the above-mentioned difference 
in angle is minimiZed, Without need to provide indepen 
dently any mechanism for inclining the accelerometer 30 in 
itself. The above-mentioned structure has no in?uence on 
the effective use of the limited space in the navigation 
apparatus 1, Which is mountable on the vehicle “C”, thus 
permitting reduction in the manufacturing cost of the navi 
gation apparatus 1 and improvement in yields. 
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[0107] [III] Third Embodiment 

[0108] NoW, description Will be given of the third embodi 
ment of the present invention With reference to FIGS. 6(a) 
to 7. 

[0109] In the third embodiment, the present invention is 
applied to a chip sensor, Which includes an IC (Integrated 
Circuit) accelerometer and is integrated in itself through a 
bulk-micro machining technique, While in the ?rst embodi 
ment, the present invention is applied to the gyro-sensor 
(i.e., the angular velocity sensor) utiliZing the tuning fork 
type pieZoelectric element, and in the second embodiment, 
the present invention is applied to a capacitance accelerom 
eter for detecting acceleration applied to a vehicle, When 
increasing or reducing velocity thereof. 

[0110] The Way of mounting the navigation apparatus 
provided With the chip sensor of the third embodiment is the 
same as that of the navigation apparatus 1 of the ?rst 
embodiment as shoWn in FIG. 1. The detailed description 
thereof is omitted. 

[0111] NoW, description Will be given beloW of the struc 
ture of the chip sensor according to the third embodiment, 
Which is mounted on the navigation apparatus, With refer 
ence to FIGS. 6(a) to 6(c). FIG. 6(a) is a perspective vieW 
illustrating the chip sensor serving as the sensing unit used 
in the third embodiment of the present invention, FIG. 6(b) 
is a side vieW of the chip sensor, vieWed in a direction “X” 
as shoWn in FIG. 6(a) and FIG. 6(a) is a rear vieW of the 
chip sensor, vieWed in a direction “Y” as shoWn in FIG. 

6(a). 
[0112] As shoWn in FIG. 6(a), the chip sensor 60 accord 
ing to the third embodiment of the present invention has a 
typical shape knoWn as the IC chip. The chip sensor 60 
includes a main body 55 formed of synthetic resin and a 
plurality of connection terminals 56 embedded therein. The 
chip sensor 60 includes a sensing element 57 embedded 
therein, Which is turned around an axis “J” perpendicular to 
the surface 55A of the main body 55 as shoWn in FIG. 6(a). 
The internal circuit including the above-mentioned sensing 
element 57 is electrically connected through the connection 
terminals 56 to the base plate 20 of the apparatus. 

[0113] NoW, description Will be given beloW of a mount 
ing state of the chip sensor 60 on the navigation apparatus 
1 of the third embodiment, With reference to FIGS. 6(b) and 
6(c). 
[0114] As shoWn in, FIGS. 6(b) and 6(c), a sub-circuit 
board 61 is vertically ?xed through the connection terminal 
62 to the bottom of the casing 21 of the navigation apparatus 
according to the third embodiment of the present invention. 
The chip sensor 60 is ?xed on the above-mentioned sub 
circuit board 61 so that the main surface of the sub-circuit 
board 61 and the surface 55A of the main body 55 are in 
parallel With each other. The internal circuit of the chip 
sensor 60 including the sensing element 57 and the base 
plate 20 of the apparatus are electrically connected to each 
other through the above-mentioned connection terminals 56, 
62 and the sub-circuit board 61. The surface of the sub 
circuit board 61, on Which the chip sensor 60 is ?xed, is in 
parallel With the traveling direction of the vehicle “C”. 

[0115] The sub-circuit board 61 is provided thereon With 
an internal circuit (not shoWn), Which is electrically con 
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nected to the chip sensor 60, so as to execute necessary 
processing for detection of acceleration applied to the 
vehicle “C”. 

[0116] NoW, the internal structure of the chip sensor 60 
Will be described. 

[0117] As shoWn in FIGS. 6(a) and 6(b), the IC ship 
shaped sensing element 57 is embedded in the chip sensor 
60. The sensing element 57 is turned around the above 
mentioned axis “J” so that the detection reference axis “G” 
of the sensing element 57 inclines by an angle “6” relative 
to the traveling direction of the vehicle “C” in the clockWise 
direction in FIG. 6(b). 

[0118] The chip sensor 60 having the internal structure as 
described above is ?xed on the surface of the sub-circuit 
board 61 that is perpendicular to the base plate 20 of the 
apparatus, Which is placed stationarily on the bottom of the 
casing 21 so as to be in parallel thereWith, as shoWn in FIGS. 
6(b) and 6(c). When the navigation apparatus 1 according to 
the third embodiment, including the casing 21 is mounted in 
the central console 102, the rear side of the navigation 
apparatus 1 is placed loWer than the front side thereof so that 
the navigation apparatus 1 in itself inclines on the vertical 
plane including the traveling direction of the vehicle “C” in 
the same manner as the thirst embodiment of the present 
invention. As a result, the chip sensor 60 is placed in a turned 
state in the counterclockwise direction in FIG. 6(b) so that 
the difference in angle betWeen the detection reference axis 
“G” as shoWn in FIG. 6(b) and the traveling direction of the 
vehicle “C” is minimiZed by an angle “6” as shoWn in FIG. 

6(b). 
[0119] When the detection of the acceleration applied to 
the vehicle “C” is made through the chip sensor 60, a 
correction operation is carried out optionally to correct a 
possible error due to the mounting angle of the navigation 
apparatus 1, through a processing circuit (not shoWn) 
included therein based on the similar error correction pro 
gram to the conventional prior art, in the same manner as the 
?rst embodiment of the present invention. In this case, the 
sensing element 57 inclines by the predetermined angle “6” 
to compensate the mounting angle of the navigation appa 
ratus 1, as shoWn in FIG. 6(b), With the result that there 
actually suf?ces execution of the processing operation for 
correcting only the difference in angle betWeen the inclina 
tion angle of the navigation apparatus 1 mounted in the 
central console 102 relative to the horiZontal direction (i.e., 
the mounting angle of the navigation apparatus) and the 
above-mentioned angle “6”. 

[0120] In the structure as described above of the chip 
sensor 60 of the third embodiment of the present invention, 
the sensing element 57 is placed in an inclined state in the 
process of embedding the sensing element 57 into the main 
body 55 so that the above-mentioned difference in angle is 
minimiZed, thus making it possible to detect accurately the 
direction and amount of acceleration. 

[0121] In case Where the detected results from the chip 
sensor 60 is subjected to an optional correction operation 
such as a processing operation to provide more accurate 
results, the range of possible error to be corrected is remark 
ably expanded, since the above-mentioned difference in 
angle is minimiZed in the chip sensor 60 in itself. 

[0122] In addition, it is possible to amount the chip sensor 
60 on the navigation apparatus 1 in the same manner as the 
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conventional measures or through the conventional ?tting 
elements during the manufacture of the navigation apparatus 
1 of the third embodiment of the present invention, Without 
taking into consideration any measures to reduce the above 
mentioned difference in angle. As a result, an effective use 
of the limited space in the casing of the navigation apparatus 
1 can be ensured, the manufacturing cost can be decreased 
and the yields can be improved. 

[0123] The inclination direction and angle “6” of the 
sensing element 57 are predetermined so that the above 
mentioned difference in angle is minimiZed, taking into 
consideration the mounting angle, by Which the navigation 
apparatus 1 including the chip sensor 60 is mounted on the 
vehicle “C”, thus enabling the chip sensor 60 in the navi 
gation apparatus 1 to detect accurately the direction and 
amount of acceleration. In addition, the chip sensor 60 per 
se has the structure in Which the above-mentioned difference 
in angle is minimiZed, Without need to provide indepen 
dently any mechanism for inclining the chip sensor 60 in 
itself. The above-mentioned structure has no in?uence on 
the effective use of the limited space in the navigation 
apparatus 1, Which is mountable on the vehicle “C”, thus 
permitting reduction in the manufacturing cost of the navi 
gation apparatus 1 and improvement in yields. 

[0124] In the above-described third embodiment of the 
present invention, the sensing element 57 inclines relative to 
the main body 55. In the modi?cation of the third embodi 
ment, it may be adopted a structure that the detection 
reference axis “G” in itself is inclined in the process of 
manufacturing the IC chip serving as the sensing element 65 
as shoWn in FIG. 7, Without inclining the sensing element 65 
in itself embedded in the main body of the chip sensor 
relative thereto. Such a modi?cation provides the same 
effects as the third embodiment. 

[0125] The above-mentioned modi?cation in Which a 
capacitance detecting type accelerometer is used as the 
sensing element 65 Will be described in detail beloW With 
reference to FIG. 7. 

[0126] In the above-described chip sensor 60 of the third 
embodiment of the present invention, the central axis of the 
sensing element 65 (i.e., of the three directional central axes, 
the central axis, Which approximates to the horiZontal direc 
tion and be in parallel With the surface of the sub-circuit 
board 61) is placed in parallel With the detection reference 
axis “G”. Alternatively, the detection reference axis “G” in 
itself is inclined by the above-mentioned angle “6” relative 
to the main body of the sensing element 65 in the capaci 
tance detecting type accelerometer 65, Which includes a 
movable member 70 connected to an external terminal 71, 
and capacitance detecting members 66, 68 and 72 connected 
to external terminals 67, 69 and 73, respectively, as shoWn 
in FIG. 7. 

[0127] The above-described sensing element 65 is embed 
ded in the main body of the chip sensor, Without inclining 
the sensing element 65 around the axis “J ” as shoWn in FIG. 
6(a). The chip sensor in Which such the sensing element 65 
is embedded, is ?xed on the sub-circuit board 61 as shoWn 
in FIGS. 6(b) and 6(c), thus providing the same effects as 
those in the above-described third embodiment of the 
present invention. 

[0128] In the embodiments and modi?cation as described 
above, the inclination angle “6” is set, taking into consid 
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eration the advantages of the correction processing based on 
the appropriate program. Alternatively, in case Where there 
is achieved no correction operation utilizing a processing 
treatment and the mounting angle of the navigation appa 
ratus is previously obtained, the mounting angle may be 
completely compensated by the angle “6” in the embodi 
ments and modi?cation as described above. 

[0129] In the embodiments and modi?cation as described 
above, the direction and amount of physical quantity such as 
acceleration is detected When the vehicle “C” drives for 
Ward. It is also possible to apply the present invention to an 
accurate detection of the physical quantity, such as accel 
eration When reversing the vehicle “C”. 

[0130] In the embodiments and modi?cation as described 
above, the acceleration and the like are exempli?ed as the 
physical quantity having the direction. The present invention 
may be applied to a direct detection of velocity of the 
vehicle. 

[0131] According to the ?rst aspect of the present inven 
tion as described in detail, securing the sensing unit on the 
supporting unit so that the above-mentioned difference in 
angle is minimiZed makes it possible to accurately detect the 
amount and direction of the physical quantity. 

[0132] In case Where the detected results from the sensing 
apparatus is subjected to an optional correction operation 
such as a processing operation to provide more accurate 
results, the range of possible error to be corrected is remark 
ably eXpanded, since the above-mentioned difference in 
angle is minimized in the sensing apparatus in itself. 

[0133] In addition, it is possible to amount the sensing 
apparatus on an electronic equipment in the same manner as 
the conventional measures or through the conventional 
?tting elements during the manufacture of such an electronic 
equipment, Without taking into consideration any measures 
to reduce the above-mentioned difference in angle. As a 
result, an effective use of the limited space in the casing of 
the electronic equipment can be ensured, the manufacturing 
cost can be decreased and the yields can be improved. 

[0134] According to the second aspect of the present 
invention, the above-mentioned difference in angle is mini 
miZed by connection of the mounting member, Which is 
placed betWeen the sensing unit and the base member, With 
the sensing unit, thus making it possible to accurately detect 
the physical quantity in a simple structure. In addition, With 
respect to the other structural components than the above, 
there can be used the corresponding same components in the 
conventional sensing apparatus, thus making it possible to 
decrease the manufacturing cost and improve the yields. 

[0135] According to the third aspect of the present inven 
tion, merely forming the slit in the mounting member so as 
to incline to the predetermined direction, by Which the 
above-mentioned difference in angle can be minimiZed, 
makes it possible to support the sensing unit on the mounting 
member in an appropriate manner, thus reducing the manu 
facturing cost of the sensing apparatus. 

[0136] The structure in Which the counter-slit of the sens 
ing unit engages With the slit of the mounting member 
ensures an appropriate mounting state of the sensing unit on 
the mounting member, thus making it possible to manufac 
ture the sensing apparatus in simple manufacturing pro 
cesses. 

[0137] According to the fourth aspect of the present inven 
tion, the sensing unit includes the supporting shaft, Which is 
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inclined so that the above-mentioned difference in angle is 
minimiZed. It is therefore possible to accurately detect 
physical quantity in a simple structure, even When the 
sensing unit further includes the detection discs supported 
on the supporting shaft, thus permitting reduction in the 
manufacturing cost and improvement in yields. 

[0138] According to the ?fth aspect of the present inven 
tion, the structure in Which said detection discs comprises a 
stationary electrode, Which is stationarily supported on said 
supporting shaft and a pair of movable electrodes, Which are 
supported on said supporting shaft on opposite sides of said 
stationary electrode so as to be movable in a direction of said 
supporting shaft provides an accurate detection of physical 
quantity in a simple manner, thus permitting reduction in the 
manufacturing cost and improvement in yields. 

[0139] According to the siXth aspect of the present inven 
tion, the sensing unit is inclined so that the above-mentioned 
difference in angle is minimiZed, taking into consideration a 
mounting angle, by Which the electronic equipment includ 
ing the sensing unit is mounted on the movable body, thus 
enabling the sensing unit in the electronic equipment to 
detect accurately the direction and amount of physical 
quantity. In addition, the sensing apparatus per se has a 
structure in Which the above-mentioned difference in angle 
is minimiZed, Without need to provide independently any 
mechanism for inclining the sensing apparatus in itself. The 
above-mentioned structure has no in?uence on the effective 
use of the limited space in the electronic equipment, Which 
is mountable on the movable body, thus permitting reduction 
in the manufacturing cost of the electronic equipment and 
improvement in yields. 

[0140] The entire disclosure of Japanese Patent Applica 
tion No. 2002-27439 ?led on Feb. 4, 2002 including the 
speci?cation, claims, draWings and summary is incorporated 
herein by reference in its entirety. 

What is claimed is: 
1. A sensing apparatus for use in a non-horizontally 

mounted vehicle navigation system, the sensing apparatus 
comprising a chip including a sensing element for detecting 
a direction based on an amount of a physical quantity 
applied thereto, Wherein the sensing element is arranged in 
the chip so as to at least partly compensate for the non 
horiZontal mounting of the vehicle navigation system in 
Which the sensing apparatus is used. 

2. The sensing apparatus according to claim 1, Wherein 
sensing element is arranged to reduce an angle betWeen a 
detection reference aXis thereof and the direction of a 
physical quantity applied thereto that Would otherWise result 
from the non-horiZontal mounting of the vehicle navigation 
system. 

3. Achip for use in a sensing apparatus incorporated in a 
non-horizontally mounted vehicle navigation system, the 
chip including a sensing element for detecting a direction 
based on an amount of a physical quantity applied thereto, 
Wherein the sensing element is arranged in the chip so as to 
at least partly compensate for the non-horiZontal mounting 
of the vehicle navigation system in Which the sensing 
apparatus is used. 

4. The chip according to claim 3, Wherein sensing element 
is arranged to reduce an angle betWeen as detection refer 
ence aXis thereof and the direction of a physical quantity 
applied thereto that Would otherWise result from the non 
horiZontal mounting of the vehicle navigation system. 

* * * * * 


