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Long-Range Human-Body-Sensing Modules 
with Capacitive Sensor 

Takeshi Togura,1 Koji Sakiyama,1 Yasushi Nakamura,1 and Kazuya Akashi1

Our company has been developing automotive capacitive sensor modules to sense human 
body proximity or contact. Our recent study aiming at increased accuracy achieved 2 fF or 
better capacitance sensing accuracy, making it possible to detect a human body 300 mm away, 
a distance longer than that possible with existing capacitive sensors. In addition, the sensor 
electrode structure used in a vehicle cabin was optimized to increase noise resistance and 
directivity. Furthermore, we made a prototype sensor module and assessed its sensitivity in the 
vehicle cabin, with the fi nding that the prototype module is able to sense a hand at a distance of 
300 mm or more from the sensor electrode.

1. Introduction
As a sensor for detecting human body proximity or 

contact, the capacitive sensor has been attracting at-
tention and is already in practical use in door handles 
and occupant detection systems. Focusing on this ca-
pacitive sensor, our company is comprehensively 
working on technologies needed for capacitive sensor 
modules, including the capacitance sensing circuit, 
sensor electrode materials such as fl exible printed cir-
cuit boards and membrane sheets, as well as electrode 
structure, mounting, connection, and capacitance 
analysis. As the amount of capacitance detected by the 
sensors depends on the electric fi eld generated be-
tween a human body and the sensor electrode, the 
sensors can be hidden beneath a face panel, cloth, or 
other dielectric items through which the electric fi eld 
passes. The capacitive sensors are input devices with 
high design freedom, which is a great advantage. Fur-
thermore, the sensor electrode needs only to be a con-
ductor, which allows for an inexpensive and thin sen-
sor module confi guration, and permits integration of 
the sensor electrode, sensing circuit, and other elec-
tronics on the printed board. However, conventional 
capacitive sensors for human sensing are limited to ap-
plications for detecting human contact or very close 
proximity. We worked on developing a more accurate 
capacitive sensor module, successfully extending the 
human sensing distance in the vehicle cabin to 300 
mm and more. This sensor module can be applied to 
the input device of an instrument, so that the user 
needs only to move a hand or foot to manipulate the 
instrument without having to look at it. The sensor 

module may also be applied as a safety means to stop 
equipment operation when a hand or foot approaches 
the equipment.

This paper reports the high-accuracy capacitive sen-
sor module that we developed for human sensing. 

2. Principles
The capacitive sensor for human sensing measures 

the capacitance distributed from the sensor electrode 
to a human body, where the human body is not actu-
ally grounded but has some capacitance with respect 
to grounding. However, since the human body is suf-
fi ciently larger compared with the sensor electrode 
and has higher conductivity than air and dielectric ma-
terials, it is considered to be grounded in our discus-
sion of this sensor. Figure 1 is an image diagram illus-
trating the basic confi guration and how capacitance is 
distributed without a human body in the vicinity of the 
sensor electrode. The capacitive sensor has a sensor 
electrode connected to a capacitance sensing circuit, 
which converts the measured capacitance to voltage 
for output. In the absence of a human body near the 
sensor electrode, as in Fig. 1, fl oating capacitance ex-
ists between the sensor electrode and the surrounding 
ground such as the vehicle body. The capacitance 
sensing circuit measures this fl oating capacitance plus 
the stray capacitance existing in the sensing circuit. 
Figure 2 is an image diagram of capacitance distribut-
ed when a human body approaches. At this time, an 
increase occurs in the number of electric force lines 
due to coupling between the sensor electrode and the 
human body, while the electric force lines coupled to 
the surrounding ground decrease with the emergence 
of the human body. As a result, the capacitance sens-
ing circuit measures the increased capacitance due to 
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human proximity, minus the reduction in fl oating ca-
pacitance. When the human body is adequately close 
to the sensor electrode, the reduction in fl oating ca-
pacitance is negligibly small compared with the far 
larger increase in capacitance due to human proximi-
ty. As such, capacitive sensors for sensing a human 
body in contact or very close vicinity need only be 
studied with respect to capacitance increases with hu-
man proximity. For high-accuracy capacitive sensor 
modules that are intended to detect a human body at a 
greater distance, however, the decrease in fl oating ca-
pacitance cannot be ignored, so the sensor electrode 
structure and sensitivity studies require analysis of an 
approaching human body as well as the existence of 
metallic and dielectric objects nearby.

The examples in Figs. 1 and 2 were explained for a 
situation in which a human body was not initially pres-
ent. When explaining a case in which a human body is 
already present and his/her hand or foot approaches 
the sensor electrode, the fl oating capacitance shown 
in Fig. 1 includes one coupled to the human body be-
fore the hand approaches. For Fig. 2, we should ad-
dress the increase in capacitance due to the approach 
of a hand or foot and the resultant decrease in fl oating 

capacitance.

3. Target performance
When a person in a car reaches out a hand to access 

an instrument mounted on the instrument panel or 
ceiling, the distance to the instrument is in most cases 
within 300 mm. In order to sense such limb motion, 
the target performance of the capacitive sensor mod-
ule to be developed was set to “sense a palm at a dis-
tance of 300 mm or more in a vehicle cabin.”

4. Electric fi eld simulation
To meet the target performance of the capacitive 

sensor module, we studied the necessary measuring 
accuracy by conducting a fi nite-element simulation of 
an electric fi eld. As mentioned above, studying the de-
tection of a distant human body also requires an analy-
sis covering nearby metallic and dielectric objects. 
Our fi rst analysis started in a shielded room measur-
ing 3¥3¥3 m, an environment where the objects would 
have a negligible infl uence. Figure 3 presents a sample 
result of the simulation. The fi gure depicts the electric 
fi eld distribution (shown in shades of gray) and iso-
electric lines around the sensor electrode and human 
when a human hand approaches the sensor electrode. 
The capacitance values detected by the sensor elec-
trode were calculated from Fig. 3 and plotted against 
the changes in capacitance with the distance between 
the sensor electrode and hand in Fig. 4, yielding the 
“distance characteristic of capacitance delta” as re-
ferred to hereinafter. The term “capacitance delta” is 
defi ned as the capacitance when a hand is in proximi-
ty, minus the capacitance when the hand is out of prox-
imity. The plot indicates that the capacitance delta de-
creases as the distance between the sensor electrode 
and hand increases. For example, when the hand is 
300 mm away from the 50¥50-mm electrode, the ca-
pacitance delta is approximately 10 fF.

Another simulation was performed for the inside of 
a vehicle cabin where the sensor module will actually 
be installed. In the vehicle cabin, the effects of metal 

Fig. 1.  Floating capacitance and stray capacitance without a 
human body in proximity.
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Fig. 3.  Example simulation of electric fi eld distribution.
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and dielectric objects such as vehicle body and face 
panel are not negligible, and were therefore included 
in the simulation. The sensor electrodes were ar-
ranged in two places, one in the instrument panel and 
the other in the ceiling, as shown in Fig. 5. The former 
may be used for a hidden switch that pops out as a 
hand comes closer, and the latter may be applied for a 

lighting switch. Figure 6 presents the distance charac-
teristic of capacitance delta in the vehicle cabin. Since 
the simulation results for the two sensor electrode lo-
cations were nearly identical, only the result for the 
instrument panel was included in the fi gure and taken 
as a representative result for applications in the vehicle 
cabin. Comparing this result with Fig. 4 shows that the 
detected values for a given distance are reduced to 
1/3-1/4 of those detected in the shielded room with no 
infl uencing objects nearby. This is because the sensor 
electrode in the vehicle cabin is located in close prox-
imity to the vehicle body (i.e., ground), so that the ca-
pacitance coupling to the vehicle body is initially al-
ready large before a hand approaches, reducing the 
increase in electric force lines that occurs when a hand 
approaches. For sensing a hand in the vehicle cabin, 
Fig. 6 also indicates that the variation is extremely 
small when the distance from the electrode exceeds 
300 mm, and that the measuring accuracy required for 
a 300-mm distance is approximately 2 fF of capacitance 
delta.

5. Prototyping

5.1 Specifi cations and block diagram

Based on the simulation results in the previous sec-
tion, the measuring accuracy of the capacitive sensor 
module was targeted at 2 fF or better of capacitance 

Fig. 4.  Results of simulation in the shielded room.
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Fig. 5.  Placement of sensor electrodes in the vehicle cabin.
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Fig. 6.  Results of simulation in the vehicle cabin. 
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Table.  Specifi cations of prototype.

Parameter Unit Min Typ Max Comment

Maximum detecting 
distance

mm 300 With palm

Measuring accuracy fF 2
Capacitance 

delta

C-V conversion 
effi ciency

mV/fF 1 16

Supply voltage V 2.7 5 5.5

Temperature range °C -40 85

Fig. 7.  Block diagram of prototype sensor module.
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delta. Table shows the specifi cations of the prototype. 
The capacitance-to-voltage (C-V) conversion effi ciency 
was made adjustable in the range of 1 to 16 mF/fF by 
changing the amplifi cation degree of the variable am-
plifi er in the sensing circuit. Figure 7 is a block dia-
gram of the prototype. The sensing circuitry consists 
of a capacitance-to-voltage (C-V) converting circuit, 
low-pass fi lter (LPF), variable amplifi er circuit, tem-
perature compensation circuit, offset circuit, and shield 
drive circuit, which are built into a single ASIC. The 
output voltage of the C-V converting circuit is shifted 
in the offset circuit, removed of noise in the LPF, and 
then delivered to the variable amplifi er circuit. The 
amplifi cation degree of the variable amplifi er circuit, 
which determines the C-V conversion effi ciency, can 
be externally set. Finally, the temperature compensa-
tion circuit can cancel out temperature variations in 
the sensor electrode. 

5.2 Appearance

Figure 8 shows the appearance of the prototype. 
The capacitive sensor module has the sensor elec-
trode, shield electrode, and sensing circuit integrally 
mounted on a fl exible printed circuit board.

5.3 Performance

Figure 9 presents the distance characteristic of ca-
pacitance delta in the shielded room. The sensor elec-
trode sizes are 50¥50 mm and 100¥100 mm, which 
are the same as those used in the simulation. Figure 9 
demonstrates that the simulation results agree closely 
with the measurement results from the prototype. Fig-
ure 10 presents the results of the distance characteris-
tic of capacitance delta as measured in a vehicle cabin 
under the same conditions. The results proved that 
the prototype satisfi es the performance target of 300 
mm for the detection distance, as well as the measur-
ing accuracy of 2 fF. Furthermore, as we compare each 
of the simulation result and the corresponding mea-
surement result in Figs. 9 and 10 we fi nd that they are 
in good agreement, with deviation at 5 % or less, in 
both the shielded room and vehicle cabin. Thus, the 
electric fi eld simulation can be effectively utilized for 
designing the sensor electrode structure to best suit 
each application and adjusting the parameters of the 
sensing circuit.

6. Applications
The capacitive sensor module, with its output volt-

age being dependent on the position of a human body 
relative to the sensor electrode, can be applied to room 
lamp dimming switches or similar switches that can be 
easily operated by simply moving a hand or a foot. Ad-
ditionally, since the sensor electrode can be hidden in 
a face panel, the sensor module can be effectively used 
as an aesthetically designed switch that is usually hid-

den behind a face panel and pops out only when the 
user’s hand approaches the switch. Further yet, with 
the ability to set a detection area as desired by chang-
ing the sensor electrode structure, the sensor module 
can fi nd applications in power sliding doors, power 
seats, and other devices that stop moving when a hu-
man body or limb enters an area where contact or jam-
ming is possible.

Fig. 9.  Capacitance versus distance in the shielded room.
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Fig. 10.  Capacitance versus distance in the vehicle cabin.
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Fig. 8.  Appearance of prototype.
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7. Conclusion
We have developed a capacitive sensor module ca-

pable of detecting a palm at a distance of 300 mm from 
the sensor electrode. Analysis of simulated conditions 
in a vehicle cabin revealed the necessity of measuring 
capacitance deltas with an accuracy of 2 fF or better in 
order to achieve the development target of detecting a 

human body approaching from a distance of 300 mm. 
A prototype of the capacitive sensor module construct-
ed on the basis of the analysis results proved to have 
the required characteristic to meet the development 
target. Furthermore, the simulation results agreed 
closely with the measurement results, proving that 
electric fi eld simulation is an effective means for opti-
mum designing of sensor modules.


