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(57) ABSTRACT 

The present invention provides contact sensors capable of 
determining the pressure distribution over the Whole surface 
of each of joint units having a cylindrical shape, both end 
portions of Which are cut at an offset angle, and constituting 
robot arms. In order to provide a technology enabling 
real-time drive control of the robot arms by using detected 
values from these sensors, the points of intersection of the 
electrodes are distributed across the Whole surface of each 
joint by forming a pressure-sensitive sheet sensor in Which 
column electrodes arranged in parallel, and roW electrodes 
arranged in a Wound-string shape, are combined, these joints 
having a cylindrical shape, both end portions of Which are 
cut at an offset angle. In addition, by making an electrode 
structure that covers a prescribed Width in both roWs and 
columns, the number of signal output terminals is reduced 
and the operation processing load is lightened. Moreover, 
after executing local processing, through the use of an 
encoder and pressure-sensitive sheet sensor provided in each 
of the joints, in addition to the information processing 
means, [this data] is sent to the CPU, Whereby the central 
operation processing load is lightened. 
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PRESSURE-DISTRIBUTION SENSOR FOR 
COTROLLING MULTI-JOINTED NURSING 

ROBOT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a robot to assist 
With the nursing of the elderly and so on, and more particu 
larly to a sensor, and peripheral technology thereof, for 
detecting the pressure distribution, such as that in multi 
jointed arms, and for use in the drive-control of the robot. 

[0003] 2. Description of the Related Art 

[0004] In an aging society, While nursing of the elderly and 
so forth is of increasing importance, it is physically demand 
ing for those undertaking the nursing and there are frequent 
cases of the caregivers themselves sustaining injuries to 
hips, knees, shoulders, arms and so forth. Such situations 
have given rise to intensive research and development of 
means to help With nursing. The advent of nursing robots is 
also eagerly anticipated but has not yet reached the practical 
stage. Unlike industrial robots, since such robots are 
intended for human beings and the physically Weak, the 
movements of such robots must not only be suf?ciently safe 
and reliable, but also delicate, so as to provide those receiv 
ing care With a sense of security. In other Words, since 
people require gentle care, the provision of a nursing robot 
poses tremendous dif?culties in terms of the control and the 
mechanics involved. 

[0005] The present inventors initially researched and 
developed a “Rotary articulated robot and method of control 
thereof”, this robot having a construction in Which offset 
joints and rotating joints Were integrated, and a Japanese 
Patent Application Was ?led (H 11-319334). (U.S.P. Ser. No. 
09/708,667) In a multi-jointed robot having a plurality of 
offset-rotation joints by Which the drive-side arm and 
driven-side arm are rotatably driven about an offset-rotation 
axis inclined With respect to the arm axis, the multi-jointed 
robot of this invention is characteriZed by alloWing a holloW 
rotating shaft to rotate freely, this holloW rotating shaft being 
inclined by a prescribed offset angle and driven by a motor 
in the tip of either the drive-side arm or driven-side arm, and 
characteriZed by a rotor member being ?xed that transmits 
a rotation force from the abovementioned holloW shaft to the 
base end of the other arm, and by the abovementioned 
holloW rotating shaft and abovementioned rotor member 
constituting a mechanism permitting high deceleration ratio 
transmission and an increase in torque. With this construc 
tion, even smaller drive motors are employed, greater rota 
tional torque can be transmitted, highly precise positioning 
is possible, and a very lightWeight joint With offset rotation 
at a higher torque is obtained. By virtue of the fact that this 
offset-rotation joint is linked at many points, it Was possible 
to provide a highly functional multi-j ointed robot capable of 
a Wide range of complicated and precise movements With a 
high payload. 

[0006] The basic construction of an offset-rotation joint in 
this multi-jointed robot is shoWn in FIG. 7. This ?gure 
shoWs the case Where the cylindrical hand-base arm is the 
drive-side arm 6 and the hand-end arm is the driven-side arm 
7, and depicts a state in Which the driven-side arm 7 is linked 
by an offset-rotation joint offset by an offset angle y With 
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respect to the arm axis of drive-side arm 6. The tip of the arm 
min body 6a of drive-side arm 6 is an aperture that is at a 
right angle to the axis, the base end of the driven-side arm 
is an aperture that is inclined at an angle of inclination y With 
respect to the arm axis, and an offset-rotation joint assembly 
body is created in the right-rotation joint assembly body in 
this embodiment is constructed by integrating a motor unit 
8, a drive-side arm tip portion 6b ?xed to the leading edge 
of this motor unit, and a joint rotation transmission mecha 
nism 9 ?xed to this drive-side arm tip portion. A right-angle 
aperture is created in the base end side of the drive-side arm 
tip portion 6b and an inclined aperture is created in the tip 
side thereof. The right-angle aperture receives the tip of the 
motor shaft, and the joint rotation transmission mechanism 
9 is ?xed to the inclined aperture. The motor unit 8 has a 
motor case 10 of the same diameter as the arm, and by 
integrating the top and bottom ends of this motor case, as 
shoWn in the ?gure, by linking these ends to the drive-side 
arm 6a and drive-side arm tip portion 6b, the motor case 10 
itself comprises one part of the drive-side arm. The motor 
unit 8 comprises a motor 11 formed so as to be integral With 
the abovementioned motor case 10, an encoder E, slip ring 
13, and rotation speedometer (not illustrated), and the motor 
shaft 14 is established in a position on the same axis as the 
arm axis or on a parallel axis. In a construction of this kind, 
When the motor 11 is in a driving condition, the cylinder 
shaft 21 rotates at a prescribed rotational speed via the 
external teeth bevel gear 17 and internal teeth bevel gear 24. 
Here, by making the diameter of the internal teeth bevel gear 
24 large, [the motor] is able to decelerate according to the 
ratio of the [gear] diameters, and a large torque can be 
produced using very small motors. Furthermore, it is pos 
sible to obtain a large deceleration ratio With a harmonic 
gear mechanism inside joint rotation transmission mecha 
nism 9, and obtain greater rotational torque using small 
motors. It is possible, through this rotational torque, to 
extend the driven-side arm 7 through a desired angle With 
respect to drive-side arm 6. 

[0007] The present inventors considered applying the 
invention “Rotary articulated robot and method of control 
thereof”, permitting the provision of a highly functional 
multi-jointed robot capable of a Wide range of complicated 
and precise movements With a high payload, to the arms of 
a nursing robot, Which pose tremendous difficulties in terms 
of the control and the mechanics involved because people 
require gentle care. As far as the arms of the nursing robot 
are concerned, not only is it essential that the arms be 
capable of handling the Work easily, but the movements of 
these arms must also not cause a person in care any pain or 
discomfort. For example, if a movement is considered in 
Which a person lying in bed is picked up [by the robot], When 
particular locations of the robot’s arms are subjected to 
concentrations of stress, these arms touch the person in care 
strongly in those locations, and the direct result is that the 
person is bruised by this strong use of force. Consequently, 
it is necessary for the arms of the nursing robot to deform 
and make movements to change to a state in Which the 
person’s body is supported uniformly, and for local concen 
trations of stress to be avoided. In other Words, since it is 
required for the nursing robot to make movements according 
to an initial objective, While taking appropriate measures to 
the state of contact With the person in care, that changes from 
one moment to the next, it is necessary for the nursing robot 
to constantly detect the state of holding the person in care 
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and perform control corresponding to this detected value. 
When attempting to employ the developed multi-jointed 
robot, developed by the present applicants, as a nursing 
robot, a sensor, for detecting the state of contact betWeen the 
robot and the person in care, is of prime importance. 

[0008] Conventionally, pressure-sensitive sheet sensors 
have been employed as means for detecting pressure distri 
bution received in particular areas. Such a sensor is shoWn 
in FIG. 6 and is formed as a layered single sheet comprising 
column electrodes 2 arranged on a column electrode side 
substrate material sheet 1 composed of polyester ?lm or the 
like, and roW electrodes 4 arranged on a roW electrode side 
substrate material sheet 5, a pressure-sensitive resistive raW 
material 3 being interposed there betWeen. A pressure 
sensitive resistive raW material 3 is interposed betWeen 
speci?c roW electrodes and speci?c column electrodes of 
this pressure-sensitive sheet sensor. Consequently, the resis 
tance value betWeen both [sets of] electrodes depends on the 
properties of the pressure-sensitive resistive raW material 3 
and shoWs a value in accordance With the stress imparted to 
areas Where both [sets of] electrodes intersect. Therefore, if 
resistance values betWeen each roW electrode and each 
column electrode are determined in order, it is possible to 
detect the pressure in each location of intersection. This 
pressure-sensitive sheet sensor is capable of detecting the 
magnitude of the pressure on speci?c areas that are covered 
and position information, in other Words the pressure dis 
tribution received. This pressure-sensitive sheet sensor is 
employed in the detection of many kinds of pressure distri 
bution such as the determination of the pressure distribution 
of a body in a bed, the pressure distribution on the surface 
of a vehicle seat, on a chair seat, on the sole of a foot, and 
so forth. 

[0009] The present inventors employed this pressure-sen 
sitive sheet sensor in a multi-jointed robot and tried testing 
[this sensor] as a sensor for detecting the state of contact of 
the nursing robot. HoWever, since the shape adopted for each 
joint unit of the multi-jointed robot is not that of a simple 
cylinder, both end portions of Which being cut at an offset 
angle, it is not possible to detect pressure over the Whole 
surface using a conventional square sheet of matrix elec 
trodes. Further, a nursing robot necessitates real-time, situ 
ation-dependant drive control. HoWever, it takes a consid 
erably long time to obtain pressure distribution through 
operation processing using detected values in a number of 
locations of intersection betWeen column electrodes and roW 
electrodes, and to perform suitable drive control of each 
joint based on the contact information [resulting from this 
processing]. Consequently, the problem of being unable to 
achieve the required real-time drive control has become a 
pressing one. 

SUMMARY OF THE INVENTION 

[0010] An object of the present invention is to solve [each 
of] the abovementioned problems, in other Words the task 
faced by the present invention is thus to solve the above 
mentioned problems, that is, to provide a contact sensor 
capable of determining the pressure distribution over the 
Whole surface of each joint unit, these joint units having a 
cylindrical shape, both end portions of Which are cut at an 
offset angle, and constituting robot arms, and to provide a 
technology enabling real-time drive control of the robot 
arms by using detected values from these sensors. 
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[0011] Therefore, according to the present invention, since 
the points of intersection of the electrodes are distributed 
over the Whole surface of each joint unit by forming a 
pressure-sensitive sheet sensor in Which column electrodes 
arranged in parallel and roW electrodes arranged in a shape 
resembling that of Wound string [hereinafter referred to as “a 
Wound-string shape”] are combined, these joints having a 
cylindrical shape, both end portions of Which are formed as 
an aperture that is inclined at a prescribed angle and, in 
addition, since both the column and roW electrodes are 
arranged so as to cover the prescribed Width, the number of 
signal output terminals is reduced and the operation pro 
cessing load is lightened. Moreover, after executing local 
processing of signals output from sensors in each of the 
joints through the use of a processing circuit provided in 
each of the joints, and sending this data to the central CPU, 
the total processing speed is raised. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a diagram shoWing an image of the 
nursing robot of the present invention at Work, A shoWing 
the subject being held in a sideWays position, and B shoWing 
the subject being held in a forWards position in the lap [of 
the robot]. 

[0013] FIG. 2 is a diagram shoWing the multiple joint 
mechanism of the present invention. AshoWs an overvieW of 
the Way in Which the multiple joints are interconnected and 
of the basic construction each of the joint units has. B is a 
cross-sectional vieW of a joint, and C is a perspective vieW 
shoWing the outer shell With one part cut aWay. 

[0014] FIG. 3 is a diagram shoWing the netWork formed 
by each joint unit and the robot’s central control CPU. A and 
B are examples given for reference, and C is [the netWork] 
of the invention. 

[0015] FIG. 4 is a diagram shoWing one embodiment of 
the pressure-sensitive matrix sheet sensor of the present 
invention. A is a plan vieW thereof, B is an exploded, 
cross-sectional vieW and C is a cross-sectional vieW shoWing 
the pressure-sensitive matrix sheet sensor as it is manufac 
tured. 

[0016] FIG. 5 is a diagram shoWing another embodiment 
of the pressure-sensitive matrix sheet sensor of the present 
invention. A is a plan vieW thereof and B is a diagram 
shoWing the electrode structure. 

[0017] FIG. 6 is a diagram of the structure of a pressure 
sensitive matrix sheet sensor that is typically used. A is a 
divided, perspective vieW thereof, and B is a divided, 
cross-sectional vieW thereof. 

[0018] FIG. 7 is a diagram shoWing the structure of the 
offset rotating joints employed in the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] The present invention Will noW be explained by 
reference to the draWings attached. 

[0020] The nursing robot is as shoWn in FIG. 1, speci? 
cally, a push car is provided to substitute the person’s feet, 
and multi-jointed robot arms are employed, in both of Which 
seven or eight joints are connected. A pair of multi-jointed 
arms, a seat, and the chest and stomach of the robot are used 
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to carry a person in care, and various carrying conditions are 
assumed, for example in Which the person in care is held in 
a sideWays position as depicted in FIG. 1A, in the robot’s 
lap facing forWards as depicted in FIG. 1B, or further, 
moved from this position by reclining and laid doWn. It is 
essential that a nursing robot handle a person gently, and 
drive control is required that is in keeping With the person’s 
physical condition and Whereby contact is not betWeen both 
[robot] arms performing a variety of actions and the affected 
region of the person’s body. The present inventors attempted 
to employ a pressure-sensitive matrix sheet sensor that is 
normally used as means for detecting pressure distribution, 
in the multi-jointed robot, as a sensor for detecting the 
contact state of the nursing robot. HoWever, since the shape 
of the joint units of the multi-jointed robot is not that of a 
simple cylinder, both end portions thereof being shaped as 
an aperture that is inclined at a prescribed angle, it Was not 
possible to detect the pressure distribution over the Whole 
surface by means of a square matrix sheet sensor. Because 
the abovementioned cylindrical joint unit is in a Wound 
string shape, if the longest part of the tubular section is cut 
in the axial direction and extended by pushing, the present 
inventors sought to form the sheet sensor itself in a Wound 
string shape, to obtain a pressure-sensitive sheet sensor, in 
Which the points of intersection of both [sets of] electrodes 
Within the area of this Wound-string shape are distributed 
uniformly, and to arrange the column electrodes in parallel 
and the roW electrodes symmetrically With respect to the 
center constituted by central linear electrodes, such that, 
moving toWards the outside, a Wound-string shape results, 
Which gradually becomes deeply concave at the central 
portion thereof. 

[0021] Further, When conducting an experiment With the 
roW electrodes of a conventional pressure-sensitive matrix 
sheet sensor modi?ed so as to assume a Wound-string shape, 

a nursing robot necessitates real-time, situation-dependant 
drive control. HoWever, it takes a considerably long time to 
obtain pressure distribution through operation processing 
using values detected in a number of locations of intersec 
tion betWeen column electrodes and roW electrodes, and to 
perform suitable drive control of each joint based on contact 
information [resulting from this processing]. The problem of 
being unable to achieve the required real-time drive control 
has therefore become a pressing one. In fact, since this 
contact information is essential for the drive control of each 
joint at an appropriate offset angle, ?nely graded pressure 
distribution in the surface of the joint units is not absolutely 
necessary. Accordingly, consideration has been given to the 
fact that sampling of a predetermined number of the numer 
ous column electrodes leads to a reduction in the volume of 
information. HoWever, here, although the responsiveness 
Was good, there Was concern over the reliability of the 
pressure information, that is dependent on the detection 
signals from parts Where electrodes intersect. Accordingly, 
the present inventors considered obtaining information on 
these areas from output signals from not one point of 
intersection but from a number of points of intersection in 
neighbouring areas. That does not constitute operation pro 
cessing of signals from a number of points of intersection, 
but is a method of short-circuiting neighbouring electrodes 
and forming electrode groups, Without this resulting in 
discarding signals from unsampled electrodes. With this 
construction, suppose that n column electrodes and m roW 
electrodes are short-circuited, since the resistance values 
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betWeen these electrodes are constituted by resistances, of 
parts Where n><m electrodes intersect, being connected in 
parallel, [these resistances] are present in resistance values 
in parts Where n><m electrodes, in speci?c areas, intersect. 
The reliability of the information becomes high. Naturally, 
since this does not involve individually detecting the resis 
tance values in the parts Where n><m electrodes intersect, the 
operation processing load is the same as that in the previ 
ously mentioned case in Which sampling is performed. This 
invention determines pressure distribution in particular 
areas, and although the position resolving poWer is impre 
cise up to the required level, the detection information is 
highly reliable in representing these areas. Hence, the tech 
nological signi?cance of the invention lies in combining a 
high degree of reliability of information supplied and a 
quick response. Moreover, the method used may be a 
method involving a construction ful?lling the abovemen 
tioned requirements Where, rather than forming the elec 
trodes into a group, one Wide electrode occupies the Width 
of the group, and the Whole of the area is detected as a signal 
representing the pressure, Without a number of points of 
intersection being connected in parallel. HoWever, ideally, it 
is preferable for the electrodes used to be linear and not 
Wide, from the vieWpoint of ?exibility, since these pressure 
sensitive sheet sensors are to be used for Winding around 
cylindrical joints. 

[0022] A multi-jointed mechanism for constructing a pair 
of arms for the nursing robot is shoWn in FIG. 2 and 
explained in detail here inbeloW. FIG. 2A in the ?gure is an 
overvieW of the Way in Which the multiple joints are 
interconnected and a system for detecting contact informa 
tion provided by each joint unit, for processing signals, and 
sending and receiving signals. [The end] on the left of the 
?gure leads to the shoulder portion and [the end] on the right 
leads to the tip of the hand. The joint is made from a 
lightWeight, hard raW material such as aluminum, and the 
angle of inclination is, for example, 45 degrees, or possibly 
35 degrees. The shoulder in the main body of the robot is 
taken as the base portion and, using a ?xed coordinate 
system, the positional relationship betWeen each joint is 
acquired and managed. A netWork is formed from each of 
the joints, and a drive system With a servo motor at the center 
thereof is comprised in each joint. In addition, measuring 
means, in the form of a rotation speedometer, encoder, and 
the abovementioned pressure-sensitive sheet sensor for 
obtaining contact information, for example, are comprised. 
Information processing means such as a joint database, and 
a CD ROM and CPU for the operation thereof, are also 
provided, in addition to communication means for managing 
the netWork for information betWeen the joints. FIG. 2A 
schematically shoWs only the pressure-sensitive sheet sensor 
P, encoder E, information processing means I and the signal 
lines L of the communication means, the drive system being 
omitted. Since the pressure distribution information 
obtained by pressure-sensitive sheet sensor P is equivalent to 
the information on the contact betWeen the robot arms and 
the person in care, the relative position information in each 
joint is insuf?cient as-is, and, in operating the robot, the 
absolute position information from the perspective of the 
main body of the robot becomes necessary. In other Words, 
because the pressure distribution information obtained in 
each joint is relative position information in each joint, 
position information must be acquired for the Whole area of 
the pair of arms by converting this information in the ?xed 
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coordinate system that is based on the main body of the 
robot. In fact, an encoder E is provided in each joint, and, in 
addition to detecting the state in Which the driven-side arm 
7 in FIG. 7 is connected by an offset-rotation joint offset by 
an offset angle y With respect to the arm axis of drive-side 
arm 6, this information is communicated to adjacent joints, 
by signal lines passed through a slip ring 13, and a ?xed 
coordinate system constituting the standard is con?gured 
such that this information is transmitted in sequence from 
the shoulder portion side joint. In other Words, if an offset 
angle y is supplied from the original information of the joint 
encoder, With respect to the ?xed coordinate system of the 
main body of the robot, since the joint length information 
and tip portion inclination angle are already knoWn, the 
position information, With respect to the ?xed coordinate 
system, of this joint can be converted and ascertained. Based 
on the ?xed coordinate system positional in a similar Way 
using encoder information in this joint. By performing this 
coordinate conversion in each joint, in sequence, in the 
direction of the ?ngers, coordinate conversion is possible for 
all the joints. Consequently, although pressure distribution 
information obtained With pressure-sensitive matrix sheet 
sensors in individual joints is relative position information, 
if detection information from all of the joints is combined, 
it is possible to convert [this information] to the position 
information of the standard ?xed coordinate system, in other 
Words to absolute position information. 

[0023] The central computer and netWork thereof for 
controlling each joint and the robot are shoWn schematically 
in FIG. 3. In the ?gure, Ei indicates the ith joint encoder, Pi 
the ith joint pressure-sensitive sheet sensor, and the full Width 
characters “CPU” is the central computer, the half-Width 
characters “CPU i” indicate the ith joint. As shoWn in FIG. 
3A, upon collecting all the detection data from each joint in 
the CPU of the central computer and processing the above 
mentioned coordinate conversion, the CPU is overloaded 
and problems arise, namely that the required real-time 
processing becomes difficult. Then, as shoWn in FIG. 3B, 21 
system Was considered that separately provides a CPU-E 
dedicated to processing information from the encoder in the 
central computer, and a CPU-P dedicated to processing 
pressure-distribution information from the sheet sensor. 
Compared With the former method of collecting all the data 
in the CPU of the central computer and processing [this 
data], the processing speed Was moderately improved, yet 
not satisfactory. 

[0024] Accordingly, in the present invention, a netWork 
system Was considered, as shoWn in FIG. 3C, in Which local 
processing in each of the joints is performed and the load in 
the central CPU is lightened. In other Words, each joint 
comprises an encoder, and since joint length information and 
the tip portion inclination angle are already knoWn, if this 
information is supplied With position information in the 
shoulder side joint, the position information for this joint can 
be locally processed, With the ?xed coordinate system, in the 
same Way as the shoulder side joint. In the light of this fact, 
if this processing is performed and the position information 
in the standard coordinate system is sent in sequence from 
the joint closest to the shoulder-side joint to the ?nger-side 
joint, it is possible for the position information in the 
standard coordinate system in this joint to be processed 
locally in all the joints. If the position information in the 
joint itself is knoWn, it is possible to process and convert, in 
the standard coordinate system, the pressure distribution 
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information obtained from the pressure-sensitive sheet sen 
sor. This means that encoder information Bi and adjacent 
shoulder-side joint position information is input to the CPU 
i in each joint, and processing and conversion of the pressure 
distribution information in these joints to standard coordi 
nate system information is performed. In this Way, through 
the use of a construction that completes local processing, in 
each joint, of the operation for converting the pressure 
distribution information of a speci?c coordinate system 
obtained in each joint to a standard ?xed coordinate system, 
the present invention lightens the load of the central com 
puter, and the technological signi?cance thereof lies in the 
fact that required real-time drive control is made possible. 

[0025] In FIG. 2B is a cross-sectional vieW (cross-section 
though b-b of FIG. 2C) of a joint unit, and FIG. 2C is a 
perspective vieW of one part of the multi-jointed [arm] With 
the central joint unit cushioning outer shell cut aWay. As 
shoWn in FIGS. 2B and 2C, a pressure-sensitive matrix 
sheet sensor P is Wound so as to cover the outer surface of 
the joint unit made from a material that is hard, such as 
metal. The signal output terminal T of the abovementioned 
sheet sensor P is inserted in and connected to connector C 
provided in the axial direction of the longest part of the joint 
tubular section. Although not shoWn, this connector C is 
connected via a sWitching circuit to information processing 
means I in the form of an IC mounted Within the joint. 
Furthermore, these information processing means I are con 
nected to signal lines by Which signals are to be sent and 
received. Also, in order to produce a gentle feel, the cush 
ioning outer shell H, coming into direct contact With the 
person in care, is molded from a material that is soft and a 
poor thermal conductor, such as polyurethane foam. 

[0026] Embodiment 1 

[0027] FIG. 4 shoWs one embodiment of the pressure 
sensitive matrix sheet sensor 1 of the present invention. 
FIG. 4A is a plan vieW thereof, FIG. 4B is a divided, 
cross-sectional vieW and FIG. 4C is a cross-sectional vieW. 
In this embodiment, an electrically conductive material such 
as copper is printed such that a multiplicity of linear column 
electrodes 2 are arranged in parallel on a column electrode 
side substrate material sheet 1 that is composed of polyester 
?lm, and such that a plurality of adjacent column electrodes 
2 are connected in series. Furthermore, an electrically con 
ductive material is printed such that a multiplicity of linear 
roW electrodes 4 are arranged on a roW electrode side 

substrate material sheet 5 composed of polyester ?lm, sym 
metrically With respect to the center constituted by central 
linear electrodes, such that, moving toWards the outside, a 
Wound-string shape results, Which gradually becomes 
deeply concave at the central portion thereof. Aplurality of 
adjacent roW electrodes 4 are thus also connected in series. 
A special ink in Which a metal poWder is contained in a 
rubbery substance is applied and printed over the surfaces of 
both electrode substrate material sheets 1 and 5 printed With 
electrodes 2 and 4, and a pressure-sensitive resistive raW 
material 3 (a highly sensitive, electrically conductive elas 
tomer) is stacked thereon. Apressure-sensitive matrix sheet 
sensor With a Wound-string shape is manufactured by both 
sides of pressure resistant material of the electrode substrate 
material sheets being overlapped such that they join 
together. In this embodiment, by arranging ten of each of the 
column electrodes and roW electrodes and serially connect 
ing tWo adjacent electrodes, the Whole area of the sheet is 
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divided into 5x5 areas and the pressure distribution is 
obtained. Signal output terminals T are established so as to 
protrude from the sheet, and upon mounting [the sheet] onto 
the joint, this part is bent and inserted in connector C. For the 
joint control information, 5x5 is considered appropriate, 
hoWever, [the division of the sheet] is by no means limited 
to this number. Moreover, if the number of electrodes is 
increased in accordance With the siZe of the joint, the 
number of electrodes to be connected may then be increased. 
In speci?c terms, since printing technology is used in the 
manufacture, it is possible for the con?guration of electrodes 
on the substrate material sheet to be made With any equiva 
lent design. 

[0028] Embodiment 2 

[0029] Limiting the volume of information to What is 
required, the present inventors proposed a structure in Which 
column electrodes and roW electrodes Were con?gured in a 
ZigZag shape across a prescribed Width, as shoWn in FIG. 5, 
as means for obtaining information With a high degree of 
reliability. HoWever, in the actual pressure-sensitive sheet 
sensor, roW electrodes are arranged in a Wound-string shape, 
hoWever, for the sake of simplicity, FIG. 5A shoWs these 
roW electrodes in a parallel arrangement. The special feature 
of this embodiment lies in the formation of the electrodes, as 
made explicit in FIG. 5B, Whereby it is possible to cover an 
area of a prescribed Width by a single electrode Without 
connecting a plurality of electrodes. This embodiment also 
has a resolving poWer of 5x5 for the position information, 
and the resistances values, betWeen speci?c column elec 
trodes and speci?c roW electrodes adopt a serially connected 
form in the 5x5 parts Where [electrodes] intersect. The 
relationship is such that, if the Width of the ZigZag formed by 
the electrodes is made small, the number of electrodes 
becomes large, and the position resolving poWer groWs 
large. If the pitch of the ZigZag formed by the electrodes is 
made small, the number of points of intersection Within 
speci?c areas becomes large, and a high degree of reliability 
of the signal for the detected pressure received results. The 
manufacture of this pressure-sensitive sheet sensor only 
differs in the electrode formation, and is not especially 
different from the previous embodiment. 

[0030] The present invention employs a pressure-sensitive 
sheet sensor, in Which column electrodes arranged in parallel 
on a sheet of substrate material, as Well as roW electrodes 
arranged, in a Wound-string shape, on a sheet of substrate 
material, are overlapped, With pressure-sensitive resistive 
raW material interposed there betWeen, the Whole structure 
also being in a Wound-string shape. Since this pressure 
sensitive sheet sensor is Wound around the outer surface of 
an arm constituted by multiple joints in Which a plurality of 
joint units are serially connected and have a cylindrical 
shape, both end portions of Which are cut at an inclined 
angle, the points of intersection of both abovementioned 
[sets of] electrodes are distributed over the Whole of the 
outer surface area of abovementioned joint units. The 
present invention is thus capable of dead-Zone free pressure 
distribution detection in the form of a pressure-distribution 
sensor for controlling a multi-jointed nursing robot. 

[0031] Further, by making a pressure-sensitive matriX 
sheet sensor in Which an electrode structure is adopted, in 
both the column direction and the roW direction, capable of 
covering a prescribed Width, the present invention made it 
possible to reduce the number of signal output terminals and 
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lighten the information processing load, and, in addition, to 
make detection signals capable of representing these areas 
With a high degree of reliability, thus making it possible to 
combine a high degree of reliability of information supplied 
and a quick response. 

[0032] Furthermore, in addition to each joint unit of the 
present invention comprising an encoder, pressure-sensitive 
sheet sensor and information processing means, each joint 
unit and the central control CPU Were connected to a 
netWork, local operation processing Was eXecuted, in each of 
the joint units, by the use of the abovementioned information 
processing circuit, using the signals, output from the encoder 
and abovementioned pressure-sensitive sheet sensor, as Well 
as using the shoulder side joint position information, and 
since [this data] Was sent to the central CPU as standard 
coordinate system position information, it Was possible to 
lighten the central [CPU] load and perform quick-response 
control in the form of a control system for the main body of 
the multi-jointed nursing robot. 

What is claimed is: 
1. A pressure-distribution sensor for controlling a multi 

jointed nursing robot, Wherein a pressure-sensitive sheet 
sensor, in Which column electrodes arranged in parallel on a 
sheet of substrate material and roW electrodes arranged in a 
Wound-string shape also on a sheet of substrate material are 
overlapped, With pressure-sensitive resistive raW material 
interposed there betWeen, the pressure-sensitive sheet sensor 
being Wound around the outer surface of an arm constituted 
by multiple joints in Which a plurality of joint units having 
a cylindrical shape both end portions of Which are cut at an 
inclined angle are serially connected, and Wherein the points 
of intersection of both said [sets of] electrodes are distrib 
uted over the Whole of the outer surface area of said joint 
units, Whereby it is possible to detect pressure distribution. 

2. The pressure-distribution sensor for controlling a multi 
jointed nursing robot according to claim 1, Wherein, by 
short-circuiting a plurality of adjacent column electrodes in 
addition to short-circuiting a plurality of adjacent roW elec 
trodes, the number of signal output terminals is reduced and, 
in addition to the information processing operation load 
being lightened, detection of signals representing areas With 
a high degree of reliability is performed. 

3. The pressure-distribution sensor for controlling a multi 
jointed nursing robot according to claim 1, Wherein, by 
combining column electrodes con?gured in a ZigZag shape 
across a prescribed Width With roW electrodes also con?g 
ured in a ZigZag shape across a prescribed Width, the number 
of signal output terminals is reduced and, in addition to the 
information processing load being lightened, detection of 
signals representing areas With a high degree of reliability is 
performed. 

4. A multi-jointed nursing robot control system, Wherein, 
in addition to each joint unit comprising a pressure-sensitive 
sheet sensor, an encoder and information processing means, 
each joint unit and the central control CPU are connected to 
a netWork, and local operation processing is eXecuted for 
each of the joint units by said information-processing cir 
cuit, using the signals output from said encoder and pres 
sure-sensitive sheet sensor as Well as from the shoulder-side 

joint position information, this [data] being sent to the 
central CPU as reference coordinate system position infor 
mation, Whereby quick-response processing is performed. 

* * * * * 


