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CAPACITANCE SENSOR AND DETECTOR USING 
SAME FOR DETECTING OBJECT BEING 

CAUGHT BY DOOR 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a capacitance sensor (or 
capacitive sensor) for detecting an object that may be caught 
or is likely to be caught by a closing slide door, say, of a 
vehicle. 

[0002] Controller systems for a structure adapted to open 
and close such as an electrically poWered slide door of a 
vehicle are provided With a safety feature for preventing an 
object such as a person’s body from becoming caught 
thereby. In the case of an automatically closing mechanism 
adapted to automatically bring the structure (hereinafter 
referred to as the door) to the fully closed position even after 
the user stops its operation, this may be done by detecting an 
object that is caught or likely to be caught and at least 
stopping the operation of the automatically closing mecha 
nism. The motion of the door may also be reversed. 

[0003] Prior art detectors used for such a purpose Were 
either for direct detection or for indirect detection. Indirect 
detection may be made on the basis of operation data of the 
driver motor such as its angular position and its rotary speed 
or the driving poWer. Direct detection may be made by 
means of a sensor for detecting a human body approaching 
or coming into contact With an open end portion of the door. 
Indirect detection has problems in that it is relatively dif?cult 
to quickly and reliably detect a caught object at a load as loW 
as possible. Direct detection is superior from the point of 
vieW of reliability because an object of detection is directly 
detected but since a pressure-sensitive sWitch has been used 
as a sensor of this type, detection could not be made quickly 
at a loW load. This Was because a pressure-sensitive sWitch 
comprised a cable, say, of a conductive resin material 
adapted to function When deformed by a pressure from the 
target object such that an internal conductive member comes 
into a contacting position. In other Words, the sWitch can 
function only after the target object comes into contact With 
a pressure of a certain magnitude and the function of 
preventing the object from being caught begins to Work only 
at such point in time. 

[0004] A sensor for generally detecting an approaching 
target object Without contacting it may be of an optical type, 
an electromagnetic Wave type or a capacitance type. Sensors 
of the optical type have the problem that the detection area 
cannot be de?ned along a curved end portion of a structure 
such as a door, that is, there result so-called insensitive 
Zones. With a sensor of the electromagnetic type, it is 
dif?cult to limit the directionality to the direction of 
approach to the open end portion of the door and there is a 
high probability of an erroneous detection. Capacitance-type 
sensors seem to be superior because they can be easily 
attached to a curved end part, there is no insensitive part and 
the directionality can be easily controlled. The present 
inventors have been examining hoW to use a capacitance 
sensor as a detector for an object caught or being caught by 
a poWered slide door, say, of a vehicle. 

[0005] No prior art eXample is knoWn to have shoWn the 
use of a capacitance sensor for detecting an object caught by 
a poWered slide door of a vehicle. Japanese Patent Publica 
tion Tokkai 10-96368 has disclosed a detector using a 
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capacitance sensor for a door of a railroad passenger car. 
Japanese Patent Publication Tokkai 2001-264448 has dis 
closed the use of a capacitance sensor for detecting a person 
caught by a shutter. Japanese Patent Publication Tokkai 
2001-318162 has disclosed a pin ball machine sensor With a 
high sensitivity for detecting a passing pin ball by providing 
a plurality of pairs of capacitance-providing electrodes and 
on the basis of differentials of signals corresponding to each 
capacitance. 

[0006] According to the studies by the present inventors, 
hoWever, capacitance sensors as described above cannot be 
used for a structure such as a door because of the problems 
of the kinds to be described beloW if there are Water drops 
such as rain drops. 

[0007] (A) When the door is at a positive potential, the 
sensor is likely to function incorrectly, becoming sWitched 
on if a body part such as a hand of a person merely 
approaches the outer side surface of the door While Water 
drops such as rain drops are attached to it. 

[0008] (B) If Water drops become attached to the detection 
surface of a capacitance sensor over its entire Width, the 
sensor is likely to function incorrectly, becoming sWitched 
on because of these Water drops. In the case of a sensor With 
a sectionally U-shaped shield electrode With an opening on 
the side of the detection surface in order to provide direc 
tionality as much as possible only on the side of the 
detection surface, for eXample, a detection signal is likely to 
be incorrectly sWitched on if Water drops become attached 
so as to span betWeen both its end positions. 

[0009] (C) If Water drops become attached continuously 
from the door to a portion of the detection surface, an error 
is likely to result although Water drops may not be attached 
all over the detecting surface. 

[0010] It is therefore an object of this invention to provide 
a capacitance sensor Which is not likely to function incor 
rectly even in an environment Where Water drops such as 
rain drops ?y around, as Well as a reliable detector using 
such a sensor for detecting an object being caught by a door. 

SUMMARY OF THE INVENTION 

[0011] A capacitance sensor embodying this invention 
may be characteriZed simply as having an outer surface With 
a Water-repellant ?nish at least on the detection surface of its 
main body, or someWhat more in detail as having speci?ed 
directionality and comprising detection electrodes, an insu 
lating material insulating the detection electrodes from each 
other, a main body containing the detection electrodes and 
the insulating material and having a detection surface (to be 
de?ned beloW), and a Water-repellant ?nish over at least a 
portion of the main body including the detection surface. 

[0012] The main body may further include a shield elec 
trode inside, open toWard the detection surface and holding 
the detection electrodes inside, as Well as a protective cover 
covering both the shield electrode and the detection elec 
trodes. A shield electrode thus structured serves to signi? 
cantly increase the directionality and reduce the possibility 
of erroneous detection, say, When the object of detection 
approaches someWhere else aWay from the speci?ed detec 
tion area. 

[0013] In the above, the “detection surface” is the portion 
of the sensor surface With increased sensitivity in order to 
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limit the direction in Which a target object is to be detected, 
or its directionality. “Water-repellant ?nish” means forming 
a surface With a Water-repellant material or covering a 
surface With a Water-repellant material Which may be in the 
form of a membrane or a layer, and this may be formed by 
a simple process of pasting a silicon tape on a surface. The 
“outer surface” means the surface of the sensor main body 
or the portion of the sensor having detection electrodes such 
as the surface of a protective cover over the sensor main 
body. If possible, it is desirable to have the Water-repellant 
?nish all over the outer surface inclusive of side surfaces 
Which are not the detection surface. 

[0014] With a capacitance sensor thus structured, Water 
drops do not become attached easily to its outer surface 
inclusive of the detection surface and, even if they become 
attached, they are dispersed quickly and How doWn easily 
due to the Water-repellant surface property. Since large or 
continuous Water drops Which cause erroneous operations 
are not generated, the possibility of incorrect functioning of 
the sensor at least of the types (B) and (C) described above 
is signi?cantly reduced. 

[0015] Acapacitance sensor according to another embodi 
ment of the invention may be characteriZed similarly eXcept 
that its detection surface is formed so as to have unevenness, 
that is, not being ?at but having indentations or protrusions, 
or both. Such surface shapes make it harder for Water drops 
to remain attached, preventing them in particular to become 
connected continuously across the entire Width of the detec 
tion surface. It noW goes Without saying that the character 
istics of the sensors of the ?rst and second embodiments may 
be combined together to gain some synergistic effects. 

[0016] Detectors according to this invention are primarily 
for detecting a target object Which may be caught or is likely 
to be caught by a closing slide door, say, of a vehicle. Such 
an object may be feared as being about to or likely to be 
caught by the door because it is approaching the door and is 
herein simply referred to, for the simplicity of description, as 
an “object being caught” by a door. Detectors of this 
invention may be generally characteriZed as comprising a 
capacitance sensor of this invention such as described above 
including a sensor circuit and having its main body provided 
on an open end part of the door. 

[0017] In the above, the open end part of the door is that 
portion of the door Which, When closed, comes into contact 
With the opposite portion of the door frame. With a detector 
thus formed, the possibility of erroneous detection can be 
reduced especially since Water drops are unlikely to form a 
continuous body of Water on the peripheral portions of the 
sensor main body. 

[0018] It is preferable to have the door grounded such that 
its voltage may be prevented from becoming positive and 
Water drops can be more dependably prevented from 
remaining attached. The problem (A) described above can 
be more reliably obviated. The grounding may be accom 
plished merely by connecting to a component of the vehicle 
kept generally at the ground potential. 

[0019] It is also preferable to arrange the sensor main body 
such that its detection surface Will be at a position farther 
protruding from the open end part of the door to Which the 
main body is attached. This further has the effect of more 
dependably preventing Water drops from becoming con 
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nected continuously over the entire distance betWeen the 
door and the detection surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a schematic draWing of a detector 
embodying this invention With a capacitance sensor and 
portions of a vehicle on Which the sensor is set. 

[0021] FIG. 2A is a schematic draWing of the inner 
structure of the capacitance sensor of FIG. 1 and FIG. 2B 
shoWs the sectional shape and dimensions of its main body. 

[0022] FIG. 3A is a schematic diagram of the sensor 
circuit and FIG. 3B is a Wave diagram for shoWing its 
operations. 
[0023] FIGS. 4A, 4B and 4C are other sectional shapes of 
the sensor main body according to this invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] The invention is described neXt by Way of an 
eXample, Which is a detector for detecting by means of a 
capacitance sensor a person (regarded as its object of detec 
tion) Who has approached a position Within a region close 
enough, say, to a four-Wheeled automobile (vehicle) and 
may be feared to be in danger of becoming caught by its 
sliding door. FIG. 1 shoWs a detector embodying the inven 
tion With a capacitance sensor, together With portions of the 
vehicle on Which this sensor is set. FIG. 2A shoWs the 
structure of the sensor inside its main body 1, and FIG. 2B 
is its sectional vieW, shoWing an eXample of its sectional 
shape and dimensions. 

[0025] In FIG. 2A, the sensor main body 1 is shoWn With 
its detection surface (de?ning the direction of its direction 
ality) facing upWard. The other surfaces facing in other 
directions are therefore considered to be “insensitive sur 
faces”. The main body 1 contains Within itself a shield 
electrode 5 and detection electrodes 6a and 6b. The shield 
electrode 5 may be made of an aluminum foil, being 
cross-sectionally U-shaped With the opening in the direction 
of the detection surface (in the upWard direction in FIG. 
2A). The detection electrodes 6a and 6b may be made of a 
copper foil and disposed inside the shield electrode 5. An 
insulating material 2 With a loW dielectric constant such as 
foamed styrene ?lls the space betWeen the detection elec 
trodes 6a and 6b inside the shield electrode 5. Another 
insulating material 3 With a loW dielectric constant such as 
a heat shrinkable tube serves as a protective cover, covering 
the Whole in a protective manner. 

[0026] The main body 1 thus structured may be made 
suf?ciently compact and ?exible and hence can be bent in 
the longitudinal direction. Thus, as shoWn in FIG. 1, this 
sensor main body 1 can be conveniently set on a slide door 
(a rear door) 10 of a vehicle along its open end portion. The 
main body 1 is so oriented that the opening part of the shield 
electrode 5 is in the direction of the position Where a person 
is likely to be caught by the slide door 10 such that the sensor 
has accordingly a high sensitivity in this direction and is 
basically insensitive in the other directions. 

[0027] Although FIG. 2A shoWs the sensor main body 1 
as having an approximately rectangular outer cross-sectional 
shape but it Was merely for the convenience of illustration. 
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In reality, it may be shaped as shown in FIGS. 1 and 2A, 
protruding in the direction of the detection surface. Such a 
shape With a protrusion may be obtained by causing the 
insulating material 3 to protrude only in the direction of the 
detection surface. The dimensions of the exterior of the main 
body 1 may be as shoWn in FIG. 2B With a Width of about 
15 mm and a thickness of about 20 mm. 

[0028] FIG. 1 shoWs the sensor main body 1 attached to 
the open end part of the slide door 10 by means of a bracket 
11. When the door 10 is closed, as shoWn in FIG. 1, its open 
end part nearly contacts a front door 13 With a small gap left 
therebetWeen, While sandWiching a pillar 12 connected to 
the main body of the vehicle. A hem part 14 is formed on the 
open end portion of the slide door 10, protruding toWard the 
front door 13. As the slide door 10 is closed, its hem part 14 
extends forWard inside the front door 13 and overlaps 
thereWith to close the vehicle door. 

[0029] The sensor main body 1 is disposed inside the hem 
part 14 toWards the interior of the vehicle and is attached to 
the front end of the bracket 11, say, by means of a adhesive 
so as to protrude still farther forWard toWards the front door 
13 than the hem part 14, say, by a distance equal to or greater 
than 3 mm, as shoWn in FIG. 1. 

[0030] As shoWn symbolically by broken lines in FIG. 1, 
the external surface of the sensor main body 1 and its 
neighboring surface portions (including the Whole or parts 
on the side of the sensor main body 1) of the bracket 11 and 
the hem part 14 are covered With a silicon tape or the like to 
provide a Water-repellant ?nish. 

[0031] The slide door 10, the front door 13 and the pillar 
12 are all grounded and at ground potential. Since poWer 
needs to be supplied to an actuator (not shoWn) for moving 
the slide door 10 into a retracted position after it is closed, 
such a slide door used to remain at a positive potential 
according to prior art technologies. According to the present 
invention, a grounding Wire (as schematically shoWn in 
FIG. 1) is provided for electrically connecting the body of 
the slide door 13 With a grounding conductor normally 
disposed beloW the door such that the slide door 10, too, 
remains at ground potential. 

[0032] FIG. 3A shoWs the structure of a circuit (sensor 
circuit) connected to the sensor main body 1 for driving the 
sensor and carrying out signal processing operations. As 
shoWn, the sensor circuit is provided With pulse drive 
circuits 21A and 21B respectively for the detection elec 
trodes 6a and 6b, integrating circuits 22A and 22B, a 
differential circuit 23 and a Wave detection circuit 24. 

[0033] Pulse drive circuit 21A comprises a sWitch SW-Al 
Which is driven by a driver circuit (not shoWn) to sWitch the 
connection to the detection electrode 6a at a fast rate. The 
sWitch SW-Al has a common terminal, a ground terminal 
and a DPA terminal, the common terminal being connected 
to the detection electrode 6a, the ground terminal being 
connected to the grounding conductor of the vehicle, and the 
DPA terminal being connected to the inversion input termi 
nal of an operational ampli?er 25A (to be explained beloW). 

[0034] As shoWn in FIG. 3B, the sWitch SW-Al is 
sWitched periodically at a fast rate from one to another 
among the GND condition Wherein the common terminal is 
connected to the ground terminal, the Open condition Where 
the common terminal is not connected to either of them, and 
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the DPA condition Wherein the common terminal is con 
nected to the DPA terminal. In FIG. 3A, symbol Ca indicates 
the capacitance due to a body part such as a hand of a person 
Which is an object of detection and the detection electrode 
6a. 

[0035] Pulse drive circuit 21B comprises a sWitch SW-Bl 
Which is similar to the sWitch SW-Al and of Which the 
common terminal is connected to the detection electrode 6b, 
the ground terminal is connected to the grounding terminal 
of the vehicle and the DPA terminal is connected to the 
inversion input terminal of another operational ampli?er 
25B (to be explained beloW). The sWitch SW-Bl also 
operates as shoWn in FIG. 3B. In FIG. 3A, symbol Cb 
indicates the capacitance betWeen the body part and the 
detection electrode 6b. 

[0036] Integrating circuit 22A is provided With the opera 
tional ampli?er 25a, a sWitch SW-A2 forming a return 
circuit of the operational ampli?er 25a, a capacitor Cfa and 
a poWer source circuit 26A for supplying a pulse voltage to 
the non-inversion input terminal of the operational ampli?er 
25A. 

[0037] In the above, the capacitor Cfa is connected 
betWeen the output terminal (OUTPUT A) and the inversion 
input terminal of the operational ampli?er 25A. The sWitch 
SW-A2 is connected in parallel With the capacitor Cfa and 
serves to open and close the connection betWeen the tWo 
terminals of the capacitor Cfa (that is, betWeen the output 
and inversion input terminals of the operational ampli?er 
25A). The sWitch SW-A2 is driven by a driver circuit (not 
shoWn) and is sWitched from an ON-condition to an OFF 
condition, as shoWn in FIG. 3B, While the sWitch SW-Al is 
in Open condition before being sWitched to the DPA con 
dition. The output (PULS) from the poWer source circuit 
26A changes periodically as shoWn in FIG. 3B, sWitching 
from the GND level to the charging voltage Vr as the sWitch 
SW-A2 changes from the ON-condition to the OFF-condi 
tion and sWitching from the charging voltage Vr to the GND 
level after the sWitch SW-Al changes from the DPA con 
dition to the Open condition. 

[0038] Integrating circuit 22B is similar to integrating 
circuit 22A, being provided With the operational ampli?er 
25b, a sWitch SW-B2 forming a return circuit of the opera 
tional ampli?er 25b, a capacitor Cfb and a poWer source 
circuit 26B for supplying a pulse voltage to the non 
inversion input terminal of the operational ampli?er 25B. 

[0039] In the above, the capacitor Cfb is connected 
betWeen the output terminal (OUTPUT B) and the inversion 
input terminal of the operational ampli?er 25B. The sWitch 
SW-B2 is connected in parallel With the capacitor Cfb and 
serves to open and close the connection betWeen the tWo 
terminals of the capacitor Cfb (that is, betWeen the output 
and inversion input terminals of the operational ampli?er 
25B. The sWitch SW-B2 operates like the sWitch SW-A2, as 
shoWn in FIG. 3B. The output from the poWer source circuit 
26B changes like that from the poWer source circuit 26A, as 
shoWn in FIG. 3B. 

[0040] The differential circuit 23 is for calculating and 
outputting the difference betWeen the outputs (OUTPUT A 
and OUTPUT B) from the operational ampli?ers 25A and 
25B. The Wave detection circuit 24 is for outputting a signal 
voltage V1 on the basis of the output VO from the differ 
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ential circuit 23. If the output VO from the differential circuit 
23 changes as shown in FIG. 3B, the high-voltage portion 
of this Waveform, or the output voltage VO When it has 
stabilized after the sWitches SW-A2 and SW-B2 are 
sWitched off, is outputted as the signal voltage V1. 

[0041] If a dielectric body such as a person’s hand 
approaches the detection surface of a capacitance sensor 
thus structured, the signal voltage V1 changes in a sensitive 
manner. Thus, a highly sensitive detection is possible by 
comparing this signal voltage With a speci?ed threshold 
value. Since this sensor is of a differential type, making use 
of a differential betWeen signals based on tWo detection 
electrodes, furthermore, it is not likely to be affected by 
factors such as noise and it is basically possible to carry out 
a highly reliable detection. It is to be noted that this 
capacitance sensor is not only of a differential type but also 
of a charge transfer type, transferring electric charges 
betWeen capacitors Cfa and Cfb and capacitors Ca and Cb. 

[0042] If a capacitance sensor as described above is used 
in a detector for detecting an object caught (and/or likely to 
be caught) by a door, the folloWing advantages can be 
obtained. 

[0043] (1) Adetection area may be de?ned along a curved 
open end part of a door of a vehicle to eliminate the 
insensitive Zones, and since the directionality of the detector 
can be limited to the direction of approach to the open end 
part, the possibility of an erroneous operation is small. 

[0044] (2) Since a dielectric object such as a person’s hand 
can be detected in a non-contacting manner, an object Which 
has been caught or is likely to become caught can be 
detected at an early stage and a preventive measure such as 
stopping the closing motion of the door or opening the door 
by a speci?ed distance) can be carried out by hardly gen 
erating any load due to the impact. 

[0045] (3) Since a capacitance sensor of a differential 
charge-transfer type is used, a highly sensitive detection 
against noise is possible. 

[0046] (4) Water-repellant ?nish is provided not only on 
the sensor main body but also on surfaces around it. Water 
drops are not likely to remain attached to such surfaces and 
if they become attached, they become dispersed by the 
repelling force and are likely to How doWn Without forming 
large or continuous drops that Would tend to cause erroneous 
operations due at least to problems of the types (B) and 

[0047] (5) Since the detecting surface of the sensor main 
body is made uneven and not ?at, it is difficult for Water 
drops to remain attached. The possibility of Water drops 
becoming attached so as to form a continuous band across 
the detecting surface is reliably reduced. 

[0048] (6) Since the slide door is grounded, the voltage of 
the door is reliably prevented from becoming positive and 
errors due to problems of the type (A) are prevented. 

[0049] (7) Since the detection surface of the sensor main 
body is at a position farther protruding forWard than the tip 
of the hem part of the door, the possibility of rain drops 
becoming connected all the Way across from the door to the 
detection surface is extremely small. For this reason, too, 
errors due to problems of the types (B) and (C) are unlikely. 

[0050] The eXample described above is not intended to 
limit the scope of the invention. Many modi?cations and 
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variations are possible Within the scope of the invention. For 
eXample, the detection surface of the sensor main body 1 
need not be a simple protrusion but may be of any other 
uneven shape having protrusions and/or indentations as 
shoWn in FIGS. 4A, 4B and 4C. In summary, the invention 
provides sensors unlikely to make errors even in an envi 
ronment With Water drops such as rain drops splashing 
around and reliable detectors using such a sensor for detect 
ing an object caught or likely to be caught by a door. 

What is claimed is: 
1. A capacitance sensor having speci?ed directionality, 

said capacitance sensor comprising: 

detection electrodes; 

an insulating material insulating said detection electrodes 
from each other; 

a main body containing said detection electrodes and said 
insulating material and having a detection surface 
de?ned by said directionality; and 

a Water-repellant ?nish over at least a portion of said main 
body including said detection surface. 

2. The capacitance sensor of claim 1 further comprising: 

a shield electrode inside said main body, said shield 
electrode being open toWard said detection surface, 
said detection electrodes being disposed inside said 
shield electrode; and 

a protective cover covering said shield electrode and said 
detection electrodes. 

3. A capacitance sensor having speci?ed directionality, 
said capacitance sensor comprising: 

detection electrodes; 

an insulating material insulating said detection electrodes 
from each other; and 

a main body containing said detection electrodes and said 
insulating material and having a detection surface 
de?ned by said directionality, said detection surface 
having unevenness. 

4. The capacitance sensor of claim 3 further comprising: 

a shield electrode inside said main body, said shield 
electrode being open toWard said detection surface, 
said detection electrodes being disposed inside said 
shield electrode; and 

a protective cover covering said shield electrode and said 
detection electrodes. 

5. A detector for detecting an object being caught by a 
door, said detector comprising: 

detection electrodes; 

an insulating material insulating said detection electrodes 
from each other; 

a main body provided on an open end part of said door, 
said main body containing said detection electrodes and 
said insulating material; 

a sensor circuit Which, together With said sensor main 
body, forms a capacitance sensor having speci?ed 
directionality; 

Wherein said sensor main body includes a detection 
surface de?ned by said directionality and a Water 
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repellant ?nish is provided over at least a portion of 
said sensor main body including said detection surface. 

6. The detector of claim 5 further comprising: 

a shield electrode inside said main body, said shield 
electrode being open toWard said detection surface, 
said detection electrodes being disposed inside said 
shield electrode; and 

a protective cover covering said shield electrode and said 
detection electrodes. 

7. A detector for detecting an object being caught by a 
door, said detector cornprising: 

detection electrodes; 

an insulating material insulating said detection electrodes 
from each other; 

a main body provided on an open end part of said door, 
said main body containing said detection electrodes and 
said insulating material; and 

a sensor circuit Which, together With said sensor main 
body, forms a capacitance sensor having speci?ed 
directionality; 

Wherein said sensor main body includes an uneven detec 
tion surface de?ned by said directionality. 

8. The detector of claim 7 further comprising: 

a shield electrode inside said main body, said shield 
electrode being open toWard said detection surface, 
said detection electrodes being disposed inside said 
shield electrode; and 

a protective cover covering said shield electrode and said 
detection electrodes. 

9. A detector for detecting an object being caught by a 
door, said detector cornprising: 

detection electrodes; 

an insulating material insulating said detection electrodes 
from each other; 

a main body provided on an open end part of said door, 
said main body containing said detection electrodes and 
said insulating material; 
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a sensor circuit Which, together With said sensor main 
body, forms a capacitance sensor having speci?ed 
directionality; and 

means for grounding said door; 

Wherein said sensor main body includes a detection 
surface de?ned by said directionality and said detector 
further cornprised means for grounding said door. 

10. The detector of claim 9 further comprising: 

a shield electrode inside said main body, said shield 
electrode being open toWard said detection surface, 
said detection electrodes being disposed inside said 
shield electrode; and 

a protective cover covering said shield electrode and said 
detection electrodes. 

11. A detector for detecting an object being caught by a 
door, said detector cornprising: 

detection electrodes; 

an insulating material insulating said detection electrodes 
from each other; 

a main body provided on an open end part of said door, 
said main body containing said detection electrodes and 
said insulating material; 

a sensor circuit Which, together With said sensor main 
body, forms a capacitance sensor having speci?ed 
directionality; 

Wherein said sensor main body includes a detection 
surface de?ned by said directionality, said detection 
surface being at a position farther protruding from an 
open end part of said door. 

12. The detector of claim 11 further comprising: 

a shield electrode inside said main body, said shield 
electrode being open toWard said detection surface, 
said detection electrodes being disposed inside said 
shield electrode; and 

a protective cover covering said shield electrode and said 
detection electrodes. 


