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ABSTRACT

The height from floor surface contact ends of leg linkages 2 to shoulder
joints of a biped robot 1 when the biped robot is in an upright posture is defined
to be a value falling within a range (Havg + 1/2 6) set based on an averaged value
Havg obtained by averaging the heights of a group of objects (subject to
operation) from the floor surface and the standard deviation o thereof, specifically
a value 1n a range of from approximately 700 mm to 1000 mm. By this, the
installation height of shoulder joints from the floor surface can be optimally
~ determined in accordance with the heights of the objects, thereby 1mproving

operating efficiency in an existing operating space
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BIPED ROBOT
This 1s a divisional application of Canadian Patent Application Serial

No. 2,426,991 filed on November 16, 2001.

TECHNICAL FIELD

The present invention relates to a biped robot, particularly to a technique
for determining the size of a biped robot, still more particularly to a biped robot
wherein the installation height of shoulder joints and the like from the ﬂoor
surface 1s optimally determined in accordance with the heights of a grbup of
objects subject to operation, thereby improving operating efficiency in an existing

operating space. It should be understood that the expression “the invention” and the

like encompass the subject matter of both the parent and the divisional applications.

BACKGROUND ART

This applicant has led the world in research and development aimed at
realizing biped robots capable of walking activities closely resembling those of
human beings. And through the biped robots it proposed up to now has enabled

stable robot walking on level ground, upgrades and downgrades, one-leg standing,

and ascent/descent of stairs and level differences, thus realizing biped robots

capable of adapting to various existing locomotion environments.

Further, 1t has made feasible use of arms connected to the robot body for -
oberations such as tightening of screws and nuts with a driver (screwdriver) or
wrench (spanner), and, in addition, has, .by systematically coordinating
movements of the legs and arms, made it possible to conduct complex operations
such as Openi;ng/closing and passing through doors and pushing hand caﬂs.-
These operations are the result of arm-leg .000peration achieved on a high-order

and can be said likely to be a major factor in markedly upgrading compatibility
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with humans.

Thus the biped robots being researched and developed by the applicant
have replaced people in performing various operations in existing operating
venues (home, factory etc.) and, for the first time ever, suggested their potential to
make coexistence with humans a reality.

In its research and development of these biped robots, however, the
applicant has given the robots heights (total length in the vertical direction when
in upright posture) of 1600 mm to 1800 mm, near average adult height, nbt' Only
to make their walking movements close to those of human beings but also to give
them a more human-like appearance.

Moreover, various technologies have been put forward regarding biped
robots, including diverse proposals with respect to their size. In papers such as
“Design and Development of Research Platform for Perception-Action
Integration 1n Humanoid Robot: H6” (5th Robotics Symposia) and “Preliminary
Motioﬁ Experiments of a Humanoid Robot Saika-3” (18th Annual Conference of
the Robotics Society of Japan), for example, biped robots given a height of
1200 mm to 1300 mm are proposed from the aspects of enabling activities in
existing operating spaces and achieving small size and light weight. |

A number of inconveniences arise when an attempt is made to put a
biped robot of the approximately 1600 mm to 1800 mm height adopted by the
applicant heretofore into operation in an existing operating space. One that can
be mentioned 1s the amount of battery power consumption. Moreover, greater
height 1s accompanied by increased weight, but the lightest weight possible is
preferable when coexistence with people at home, factories and the like is a
consideration.

Further, there are many objects subject to operation (working) in an

operating space, particularly in a home environment, which are ergonomically

located at heights facilitating use not only by adults but also by children,
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wheelchair users and others, so that it cannot be said that a size near the average

adult height (more exactly, the height of the shoulder joints determined therefrom,

still more exactly, the arm linkage swing range (height) determined by the

shoulder joint 'height) 1s necessarily appropriate for the height of the objects

subject to operation. Furthermore, in the interest of still better compatibility
with people, a robot should preferably be of a size that makes it more likable to
people, and from this point also, it cannot be said that a size near average adult
height 1s necessarily appropriate.

On the other hand, points such as weight reduction and likability can be
improved by adopting a height of or near 1200 mm to 1300 mm as indicated by .
the aforesaid prior art. The fact is, however, that the aforesaid prior art etc. has
fallen short of giving any consideration to joint height in actually performing
operations or to size-related issues such as arm linkage length and the like, and
when such a biped robot has aétually been set to performing operations, it has
been merely écaled down without optimizing the height relationship with the
objects, which has made performance efﬁciehcy low and led to the following
various problemss being left unresolved.

For example, 1n the multi-degree-of-freedom arms of a robot (in a biped
robot, the leg linkages and the arm linkages; the shoulder joints of the arm
lIinkages being a particular concern here) there are generally present singularities
(singular points) that restrict their movement, and, where consideration is given to
performance, thése singularities should preferably avoided in determining
operation procedures.

Further, in performing different kinds of operations, the position of the
object needs to be accurately ascertained with a visual sensor and, therefore, the
relative positional relationship between the visual sensor and the object must be

thoroughly taken into account.
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DISCLOSURE OF THE INVENTION

An object of the present invention is therefore to overcome the aforesaid
inconveniences and relates to a biped robot wherein the installation height of

shoulder joints and the like from the floor surface is optimally determined in
accordance with the heights of a group of objects subject to operation, thereby

enabling performance efficiency to be improved in an existing operating space.

In order to solve the aforesaid problems there is provided a biped
robot having at least a body, two leg linkages each swingably connected to
the body through hip joints, and two arms linkages each swingably

connected to the body through shoulder joints, such that it walks over a floor

surface 1n an operating space by swinging the leg linkages and performs
operations on objects in the operating space by driving at least the arm linkages,
characterized in that: a height from the floor surface which ends of the leg
linkages contact to the shoulder joints when the robot is in an upright posture 1s
determined to be a value that falls within a range set based on an averaged value
obtained by averaging heights of the objects from the floor surface and a standard
deviation o of the averaged value.

Since the biped robot is configured so that the height from floor surface
contact ends of the leg linkages to the shoulder joints in an upright posture is a
value falling within a range set based on an averaged value obtained by averaging
the heights of the objects (subject to operation) from the floor surface and the
standard deviation o thereof, the installation height of the shoulder joints from the
floor surface can be optimally détermined in accordance with the heights of the
objects, whereby the efficiency of performance in an existing operating space can

be improved.

More specifically, the swingable range (height) of the arm linkages

- connected through the shoulder joints can be optimally determined by optimizing

the shoulder joint height in accordance with the heights of the group of objects
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subject to operation, whereby performance with respect to the objects can be

improved.

The biped robot may be configured so that the aforesaid range 1s from 700 '

mm to 1000 mm.
Since the biped robot 1s configured so that the range of the shoulder joint

height 1s from 700 mm to 1000 mm, performance with respect to a group of
objects subject to operation in a home environment, i.e., objects positioned at

heights for easy use by everyone from adults to children, wheelchair users and so

on, can be particularly improved. Further, defining the height of the shoulder

joints from the floor surface to some degree collaterally determines the overall
robot size, including its height. Setting the height of the shoulder joints in the
range of from 700 mm to 1000 mm in the aforesaid manner also helps to provide
a biped robot presenting a likable appearance, because the height of the robot,

insofar as it is to emulate a human being, becomes approximately from 1000 mm

to 1300 mm.

The biped robot may be configured so that the arm linkages are composed
of at least upper arms each swingably connected to the body through the shoulder
joints and forearm links each swingably connected to the upper arm links through

elbow joints and the length of the upper arm links is defined based on the standard

deviation o.

The biped robot is configured so that the arm linkages are composed of at
least upper arm links each swingably connected to the body through the shoulder
joints and forearm links ech swingably connected to the upper arm links through
elbow joints and the length of the upper arm links is defined based on the
standard deviation ¢ of the heights of the group of objects, and, therefore, the
length of the upper arm links can be optimally determined in accordahce with the
heights of the objects to further improve performance with respect to the objects.

More specifically, performance with respect to the objects can be further
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im]ﬁroved by defining an upper arm link length that enables improvement of the
degree of freedom of the upper arm hinks in a height region in which the
distribution density of the heights of the objects is high.

There is also provided a biped robot having at least a body, two leg
linkages each swingably connected to the body through hip joints, and two

arm linkages each swingably connected to the body through shoulder
joints and equipped with hands at their extremities, such that it walks over a floor
surface 1n an operating space by swinging the leg linkages and performs
operations on objects in the operating space by driving at least the arm linkages,
characterized in that: a“height from the floor surface which ends of the leg
linkages contact to the hands, if the shoulder joints assume a singularity posture
when the robot is 1n an upright posture, is determined to Be a value that falls
outside a range set based on an averaged value obtained by averaging heights of
the objects from the floor surface and a standard deviation o of the averaged
value.

The biped robot is cohﬁgured so that the height from the floor surface
contact ends of the leg linkages to the hands in an upright posture when the
shoulder joints assume a singularity posture is a value falling outside a range set
based on an averaged value obtained by averaging the heights of the objects from
the floor surface and the standard deviation o thereof, more specifically, is
configured so that no singularity posture of fhe shoulder joints is present in a
region in which the distribution density of the hei ghts of the objects subject to
operation is high, and, therefore, the degree of freedom of the arm linkages in the
region in which the distribution density of the heights of the objects is high can be
improved, whereby performance with respect to the objects can be further

improved.

There is also provided a biped robot having at least a body, two

legs linkages each swingably connected to the body through hip joints,
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two arm linkages each swingably connected to the body through shoulder joints
and equipped with hands at their extremities, and a head swingably connected to
the body through a neck joint and installed with a visual sensor composed of an
ifnaging device, such that 1t walks over a floor surface in an operating space by
swinging the leg linkages and performs operations on objects in the operating
space by driving the arm linkages based on at least information on the operating
space obtained from imagery taken by the imaging device, characterized in that:
the imaging device 1s installed such that optical axes connecting the hands and the
imaging device make angles within a range of from 5 degrees to 45 degrees with
respect to the horizontal direction if the arm linkages are positioned in a
horizontal direction parallel to the floor surface when the robbt in an upright
posture.

The biped robot 1s configured so that the imaging device is installed in
such a way that the optical axes connecting the hands and the imaging device
when the arm linkages are positioned in a horizontal direction parallel to the floor
surface make angles in the range of from 5 degrees to 45 degrees with respect to
the horizontal direction, i.e., by specifying the angles at which the imaging device
imagés the objects to be an angle in the range of from 5 degrees to 45 degrees
when the biped robot is in an upright posture, constantly stable image recognition
can be enabled, whereby performance with respcct to the objects can be further
improved.

The bipded robot may‘be configured so that a height from the floor

surface ends of the leg linkages contact to the shoulder joints is in a

range of from 700 mm to 1000 mm and the imaging device is installed such that a
difference between the height of the shoulder joints and a height of the imaging
device from the floor surface is in a range of 150 mm to 250 mm, when the robot
1s in an upright posture.

Since the biped robot is configured so that the height from the floor
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surface contact ends of the leg linkages to the shoulder joints is in the range.of
from 700 mm to 1000 mm and the imaging device is installed in such a way that
the difference in the heights of the shoulder joints and the imaging device from
the floor surface 1s 1n the range of 150 mm to 250 mm when the biped robot is in
an upright posture, performance with respect to the objects in a home
environment, 1.e., objects positioned at heights for easy use by evéryone from

adults to children, wheelchair users and so on, can be paﬂicular]y' improved.

Further, defining the difference in the heights of the shoulder joints and the
imaging device from the floor surface in the aforesaid manner enables constantly
stable 1mage recognition, whereby performance with respect to the objects can be |
further improved. In addition, the height of the robot comes to be approximately
from 1000 mm to 1300 mm, which helps to provide a biped robot presenting a

likable appearance.

In another aspect, the invention provides a biped robot having at least a
body, two leg linkages each swingably connected to the body through hip joints,
two arms linkages each swingably connected to the body through shoulder joints
and equipped with hands at their extremities, and a head swingably connected to
the body through a neck joint and installed with a visual sensor composed of an
imaging device, such that said robot walks over a floor surface in an operating
space by swinging the leg linkages and performs operations on objects in the
operating space by driving the arm linkages based on at least information on the
operating space obtained from imagery taken by the imaging device, wherein the
imaging device is installed such that optical axes connecting the hands and the

imagining device make angles within a range of from 5 degrees to 45 degrees

with respect to the horizontal direction when the arm linkages are positioned in a

horizontal direction parallel to the floor surface when the robot is in an upright

posture.

BRIEF EXPLANATION OF THE DRAWINGS

FIG. 1 1s a front view of a biped robot according to an embodiment of the

present invention.
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FI1G. 2 1s a right side view of the biped robot shown in FIG. 1.

FIG. 3 is a schematic diagram showing the overall internal structure of
the biped robot of FIG. 1 with focus on the joints.

FIG. 4 1s a block diagram showing details of a control unit shown in FIG.

FIG. 5 1s a front view showing, inter aha, the height of shoulder joints of
the biped robot of FIG. 1.

FIG. 6 is an explanatory view showing the heights of a group of objects
subject to operation that are articles the biped robot shown in F IG. 1 operates on.

FIG. 7 1s a front view of showing, inter alia, the height of singularity

postures of the shoulder joints of the biped robot shown in FIG. 1.

8a
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FIG. 8 1s a partial side view showing, inter alia, the relationship between

the height of shoulder joints and a visual sensor of the biped robot shown in FIG.

1.

BEST MODE OF CARRYING OUT THE INVENTION

A biped robot according to an embodiment of the present invention will
be explained with reference to the attached drawings in the following.

FIG. 1 1s a front view of a biped robot (hereinafter called simply “robot”)
1 according to an embodiment of the present invention, and FIG. 2 is a side view
thereof.

As shown in FIG. 1, the robot 1 1s equipped with two leg linkages 2, above
which is provided a body (upper body) 3. A head 4 1s formed at the uppef pa:rt'of
the body 3 and two arm linkages 5 are connected to opposite sides of the body 3.
Further, as shown in FIG. 2, a housing unit 6 1s provided on a back part of the body 3,
inside which are accommodated, inter alia, a control unit (explained later) and a
battery power supply (not shown) for electric motors (drive sources; explained later)
for driving joints of the robot 1. The robot 1 shown in FIGs. 1 and 2 1s one shown
attached with covers for protecting itS internal structure.

The internal structure of the aforesaid robot 1 will now be explained with
reference to FIG 3, focusing chiefly on the joints. ‘

As 1llustrated, the right and left leg linkages 2 of the robot 1 are each
equipped with six joints.

The twelve joints comprise joints 10R, 10L (R and L indicating the right
and left sides; hereinatfter the same) around the hip vertical axis (Z axis or gravity

axis) for leg swiveling, roll direction (around X axis) joints 12R, 12L of hips

(crotch), pitch direction (around Y axis) joints 14R, 14L of the hips (crOtCh), pitch

direction (around Y axis) joints 16R, 16L of knees, pitch direction (around Y axis)

joints 18R, 18L of ankles, and roll direction (around X axis) joints 20R, 20L of the
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ankles. Feet (foot members) 22R, 22L are attached at lower parts of the leg
linkages 2R(L).

Thus each leg 2 comprises the hip joints (crotch joints) 10R(L), 12R(L) and
14R(L), knee joint 16R(L) and ankle joints 18R(L) and 20R(L). The hip joints and
knee joint are connected by a thigh link 24R(L) and the knee joint and ankle joints
by a crus link 26R(L).

The legs (leg linkages) 2 are connected through the hip joints to the body 3,
which is represented in FIG. 3 simply by a body link 28. The arm linkages 5 are
connected to the body 3, as set out above.

. The arm linkages 5 comprise pitch direction joints 30R, 30L of shoulders,
rdll direction joints 32R, 32L of the shoulders, joints 34R, 34L around the vertical
axis for arm swiveling, joints 36R, 36L around the pitch axis of elbow parts, and
joints 38R, 38L around the vertical axis for wrist swiveling. Hands (end effectors)
40R, 40L are attached to the distal ends of the wrists.

Thus each arm linkage 5 comprises the shoulder joints 30R(L), 32R(L),
34R(L), the elbow joint 36R(L) and the wrist joint 38R(L). Further, the shoulder
joints and the elbow joint are connected by an upper arm link 42R(L) and the elbow
joint and the hand by a forearm link 44R(L).

The head 4 1s connected to the body 3 through a neck joint 46 around a
vertical axis and a head rotation (nod) mechanism 48 for rotating the head 4 at an
axis perpendicular thereto.

Owing to the foregoing configuration, the leg linkages 2 are imparted with
a total of twelve degrees of freedom with respect to the left and right legs, so that

during locomotion the legs as a whole can be imparted with desired movements by

driving the twelve ] oints to appropriate angles to enable desired walking in
three-dimensional space. Further, the arm linkages 5 are each given five degrees of
freedom with respect to the left and right arms, so that desired operations can be

carried out by driving these joints to appropriate angles. In addition, the head 4 is

10
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given two degrees of freedom and the head 4 can be faced 1n a desired direction by
appropriately driving the joint 46 and/or the head rotation mechanism 48 to
appropriate angles.

A conventional six-axis force sensor 50 is attached to the foot 22R(L)
below the ankle joints and, of the external forces acting on the robot, detects the
floor reaction force components Fx, Fy and Fz of three directions and the moment
components Mx, My and Mz of three directions acting on the robot from the surface
of contact.

Further, a parallel-optical-axis type visual sensor 52 composed of two
imaging devices 52a (CCD cameras; 250 thousand pixels) 52a (only one shown) is
mounted at an appropnation location of the head 4 to take images of the operating
space in directions according to the rotation of the head 4.

An inclination sensor 54 is mounted on the body 3 to detect inclination
relative to the vertical axis and the angular velocity thereof. Further, the electric
motors of the respective joints relatively displace the links 24, 26R(L) etc. through
speed reducers that reduce the speed and increase the torque of their outputs, and
rotary encoders (not shown) are provided to detect the amount of rotation thereof.

As mentioned above, a control unit 60 comprises a microcomputer is,
together with other components, housed inside the housing unit 6, and the outputs of
the six-axis force sensor 50 etc. (for simplicity of illustration, only those from the
right side of the robot 1 are shown) are sent to the control unit 60).

FIG. 4 is a block diagram showing the configuration of the control unit 60

1n detatl.

As 1llustrated, the control unit 60 comprises a microcomputer. Here the
outputs from the inclination sensor 54 etc. are converted into digital signals by an
A/D converter (indicated as “A/D” in the drawing) 62 and the output thereof is sent
via a bus 64 to a RAM 66. Further, the outputs of encoders disposed adjacent to

the electric motors at the respective joints are input to the RAM 66 through a

11
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counter 68.

An arithmetic umt 70 composed of a CPU 1s provided in:the control unit
60; and based on data stored i1n a ROM 72 and the sensor outputs, the arithmetic unit
70 computes the control values (control inputs) needed for driving the joints and
outputs them to the motors for driving the joints through a D/A converter (indicated
as “D/A” in the drawing) 74 and actuator drivers (amplifiers) 76 proyided at the
individual joints. The output of the visual sensor 52 is input to an unshown image
processor and after being subjected to appropriate processing is inputted to the
control unit 60 as external information, specifically positional infoﬁnation on the
operating space and the objects subject to operation, an used, inter alia, to determine
the drive amount‘é (control values) of the respective joints.

Explanation will next be made with reference to FIGs. 5 to 8 regarding
determination of the position (height) and the like of the shoulder joints of the robot
] according to this invention.

FIG. 5 1s a front view.showing, inter alia, the height from the floor
surface of the shoulder joints of the biped robot 1.

Before continuing the explanation of FIG. 5, explanation will be made
with reference to FIG. 6 regarding the objects or articles on which the robot 1
according to fhis embodiment operates or works. The purpose of the robot 1
according to this embodiment is to conduct light operations chiefly in a home
environment (“home environment” 1s herein termed in a broad sense

encompassing offices and such). As objects of the light operations in the home
environment there can be nientioned ones like those indicated in FIG. 6, for
instance. The re-lationship between the objects and their heights from the floor
surface indicated in FIG. 6 are some of those recommended by the JIS (Japanesé

Industrial Standards) on construction, which in addition to those shown in FIG. 6

also prescribe recommended heights for, for example, coat hangers and a large

number of other furnishings used in home environments.

12
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As can be seen from FIG. 6, many of the objects subject to operation in a
home environment are distributed within a distinct height range, specifically a
range of from 700 mm to 1.1 00 mm. Now taking the averaged value Havg of the
heights of the group of objects subject to operation, we get about 862 mm (but
note that this averaged value includes the recommended heights of various
articles other than the objects (subject to operation) shown in FIG. 6). Further, if
we derive the standard deviation ¢ of the distribution of these using the
conventional standard déviation equation, we get about 305 mm (like averaged
value Havg, not limited to the objects shown in FIG. 6). That is, it can be said
that the objects are concentratgd in the range of averaged value Havg+ 1/2
standard deviation o (709.‘5’ mm to 1014.5 mm). This tendency can naturally be
frequently observed in factories and other human activity spaces.

Next, a height of the shoulder joints of the rcbot 1 from the floor surface
(namely, a height from the contact ends of the leg linkages, i.e., the bottom of the
feet 221(R)) which is compatible with the objects will be considered. Where the
robot 1 i1s a biped robot emulating a human being, then once the height of the
shoulder joints from the floor surface is determined, the ranges within which the

height, length of the arm lihkages 5 and the like thereof can fall come to be

limited from the viewpoint of appearance. Once the approximate length of the

arm linkages is set, the swing range of the overall arm linkages, more speciﬁcally
the operating region of the hands 40L(R) is also determined from the swing

ranges of the shoulder joints and elbow joints.

As a result of persistent research and development in light of these facts,
the inventors learned that by defining the height of the shoulder joints from the
floor surface as approximately “averaged value Havg + 1/2 standard deviation ¢
of object heights,” it is possible to use joints having an ordinary movable range
and, while maintaining an upright posture, to position the hands 40L(R) in the

overall height range in which the objects subject to operation is concentrated,

13
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thereby enabling improvement of performance without placing excessive load on

the joints.

Further, “averaged value Havg + 1/2 standard deviation o of object
heights” is within the aforesaid range of 709.5 mm to 1014.5 mm and can be said
to be approximately 700 mm to 1000 mm. If the height of the shoulder joints
becomes about 700 mm to 1000 mm, then when emulating a human being, the
height ordinarily becomes about 1000 mmto 1300 mm. This 1s a height
corresponding to th‘at of children in the lower grades of elementary school and,
therefore, by setting the shoulder joint height at 700 mm to 1000 mm, a robot can
be provided that offers high performance 1n a home environment and an
appearance (size) that is hkable and has corhpatibility with human society.

As set out. above, the arm linkages 5 are composed of the upper arm links
421(R), the forearm links 44L(R) and multiple joints. Further, the ratio of the
lengths of theﬁ upper arm links 42L(R) and the forearm links 441L.(R) is about 1 to 1
when a human being is emulated. Therefore, by setting the length of the upper arm
links 42L(R) longer than “1/2 standard deviation o,” the length of the arm linkages
5 can as a result be made longer than “standard deviation ¢." Owing to this, it is
possible by providing the shoulder joints within the range of the aforesaid
“averaged value Havg + 1/2 standard deviation ¢ object heights” to enable the
hands 40L(R) to reach the group of objects subject to operation smoothly and
reliably, thereby further improving performance with respect to the objects.

For the above reasons, in robot 1 according to this embodiment, the
height of the shoulder joints from the floor surface is, as shown in FIG. 5, set at
910 mm. By this, the performance in a home énvironment 1s high and an
appearance (height of 1210 mm) that is likable and has compatibility with human
society can be achieved.

Explanation will next be made with reference to FIG. 7 regarding the

configuration of the arm linkages 5, more specifically the singularity postures of

14
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the shoulder joints.

As set out above, the shoulder joints are three-degree-of-freedom joints
composed of joinfs 30R(L), 32R(L), 34R(L). As pointed out in the foregoing,
singularity — postures that limit movement are present iﬁ such
multi-degree-of-freedom joints. It is therefbre preferable not to allow these
singularity postures to be present within the range of the group of objects subject
to operation.

Owing to this, the robot 1 according to this embodiment is configured so
that the singularity postures are not allowed to be present within the range of the
group of objects subject to operation, 1.e., within "averaged value Havg + 1/2
standard deviation ¢ object heights." Speciﬁcélly, they are configured so as to
be present when the hands 40L(R) are driven to higher positions (1035 inm) than
"averaged value Havg + 1/2 standard deviation ¢ of object heights" (1014.5 mm),
which is the maximum value of the height of the objects. By defining them in
this way, the performance of the robot 1 with respect to the objects can be further
improved. As a method of configuring the singularity postures is set out in
detail in Japanese Laid-Open Patent Application No. 11(1999)-188668 proposed
earlier by this éppliéant, explanation is omitted here.

Explanation will next be made with reference to FIG. 8 regarding the
positional relationship between the shoulder joints and the imaging devices 52a
and regarding the angle between the imaging devices 52a and the hands 40L(R).

FIG. 8 is an eXplanatory diagram schematically illustrating the positional
relationship between an arm linkage 5 (showing the right side (right arm)) in a
horizontally extended state and the visual sensor 52, more exactly the imaging
devices 52a (only one shown).

Betore explaining FIG. 8, a simple explanation will first be made
regarding the relationship between the angle of the optical axis of the visual

sensor 52 to the imaged object and the image recognition rate. When the angle
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of the optical axis-of the visual sensor 52 to the imaged object (the angle between
the optical axis of the visual sensor 52 and the horizontal direction of imaged
object) becomes large (i.e., when the elevation angle or depression angle becomes
large), the 1image recognition rate declines. Specifically, 1t exhibits a normal
distribution centered on angle 0. The inventors learned through various
experiments that the range of ' tolerable angles in practical application is +45
degrees (from an elevation angie of 45 degrees to a depression angle of 45
degrees). Containing the angle between the optical axis of the visual sensor 52
and the imaged object within the range of +45 degrees is therefore a prerequisite.

Then, in determining the attachment height of the visual sensor 52, care
must be taken to contain the angle between its optical axis'.'and the 1maged object,
1.e., the object subject to operation (designated by reference symbol 100 in FIG. 8),
within the range of +45 degrees, as stated above. It cannot be uniquely
determined, however, when the group of objects subject to operation is adopted as
the reference. On the other hand, it is the hands 40L(R) that actually touch and
conduct operations on the object and, therefore, by regarding the hands 40L(R) as
the object, the installation height of the imaging devices 52a can be determined so
that the angle of the optical axes of the imaging devices 52a witﬁ respect to the
object fall in the range of +45 degrees.

~ Returning to the explanation of FIG. 8, as illustrated, the arm linkages 5

comprise 180 mm upper arm links 42L(R), 185 mm forearm links 44L(R) .and
140 mm hands 40L(R), and have a length of 505 mm. Further, the lens surfaces
of the imaging devices 52a are located apart from the vertical axis of the shoulder
joints by a horizontal distance of about 80 mm.

The horizontal distance from the imziging devices 52a to the object 100 1s
therefore 425 mm. Their vertical direction distance from the shoulder joints
(difference in height from the floor surface) is determined based on this horizontal

distance so that the angle of the optical axes of the imaging devices 52a with
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respect to the object 100 (hands 40L.(R)) is in the range of +45 degrees. In this
embodiment, the vertical direction distance is made 175 mm, whereby the angle
of the optical axes of the imaging devices 52a with respect to the hands 40L(R)
when the hands 40L(R) are positioned in the horizontal directien, specifically the
elevation angle, 1s 22.4 degrees.

Since the elevation angle i1s 22.4 degrees, higher objects (to an elevation
angle of 45 degrees) can of course be accurately recognized, as can lower objects
(to a depression angle of 45 degrees). The horizontal distance from the imaging
devices 52a to the hands 40L(R) is 425 mm as noted above, so, in theory, is
should be possible to accurately recognize objects with a height difference
relative to the shoulder joints between +600 (= 425 + 175) and -—-256 (= —(425 -
175)) mm. -

In actuality, since the hands 40L(R) approach the body in proportion as
the arm linkages 5 are driven upward or downward, the horizontal distance from
the imaging devices 52a to the hands 40L(R) shortens to make it difficult to
accurately recognize objects within the aforesaid range, but, at any rate, it is
possible to accurately recognize them within the range of "averaged value Havg +
1/2 standard deviation o of object heights.” As a result, constantly stable image
recognition can be enabled, whereby performance with respect to the objects can
be further improved.

Further, the inventors learned that in order to accurately recognize the
group of objects within the range of the aforesaid "averaged value Havg + 1/2
standard deviation ¢ of object heights" it suffices to set the angle of the optical
axes of the imaging devices 52a with respect to the aforesaid hands 40L(R) in the
range of from +5 degrees to +45 degfees (elevation angle of from 5 degrees te to
45 degrees). Note that angles below +5 degrees are not present because the

imaging devices 52a are mounted in the head 4, i.e., above the shoulder joints.

In the robot 1 according to this embodiment, the aforesaid angle can be realized
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by defining the difference in the heights of the shoulder joints and the imaging
devices 52a trom the floor surface at from approximately 150 mm to 250 mm.

As set out above, in the robot 1 according to this embodiment, by
determining the height of the shoulder joints in accordance with the heights of the
group of objects subject from the floor, specifically by setting the height of the
shoulder joints at 700 mm to 1000 mm, a rbbot can be provided that offers high
performance in a home environment and an appearance (size) that is likable and
has compatibility with human society.

Moreover, the performance with respect to the group of objects can be

even further improved because the robot is configured so that singularity postures

are not allowed to be present within the range of the group of objects, 1.e., within
"averaged value Havg + 1/2 standard deviation o of object heights."”

Further, since the angle of the optical axes of the imaging devices 52a
with respect to the hands 40L(R) 1s set 1n the range of from +5 degrees to +45
degrees, constantly stable image recognition can be enabled, whereby
performance with respect to the group of objects can be further improved.

As set out above, 1n this embodiment, there i1s provided a biped robot 1
having at least a body 3, two leg linkages 2 each swingably connected to the body
through hip joints 10, 12, 14R(L), and two arm linkages 5 each swingably

connected to the body through shoulder joints 30, 32, 34R(L), such that it walks

over a floor surface in an operating space by swinging the leg linkages and
performs operations on objects in the operating space by driving at least the arm
linkages, characterized in that: a height from the floor surfaée which ends of the
leg linkages (bottom of the feet 22R, 'L) contact to the shoulder joints when the
robot is in an upright posture is detenhined to be a value that falls within a range
(Havg +1/2 o) set based on an averaged value obtained by averaging heights of

the objects from the floor surface and a standard deviation o of the averaged

value.
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Since the biped robot is configured so that when the biped robot is in an
upright posture the height from tloor surface contact ends of the leg linkages to

the shoulder joints is a value within a range set based on an averaged value

obtained by averaging the heights of a group of objects (subject to operation)

-from the floor surface and the standard deviation ¢ thereof, the installation height

of the shoulder joints from the floor surface can be optimally determined in
accordance with the heights of the objects, whereby the efficiency of performance
In an existing operating space can be improved.

More specifically, the swingable range (height) of the arm linkages
connected-through the shoulder joints can be optimally determined by optimizing
the shoulder joint height 1in accordance with the heights of the objects, whereby
performance with respect to the objects can be improved.

Further, the biped robot 1s configured so that the aforesaid range is from
700 mm to 1000 mm.

Since the biped robot is thus configured so that the range of the shoulder
joi.nt height 1s from 700 mm to 1000 mm, performance with respect to the objects
in a home environment, 1.e., the objects positioned at heights for easy' use by
everyone from adults to children, wheelchair users and so on, can be particularly
improved. Further, defining the height of the shoulder joints from the floor
surface to some degree collaterally determines the overall robot size, including its
height. Setting the height of the shoulder joints in the range of from 700 mm to
1000 mm 1n the aforesaid manner also helps to provide a biped robot presenting a
likable appearance, because the height of the robot, insofar as it is to emulate a
human being, becomes approximately from 1000 mm to 1300 mm.

Further, the biped robot is configured so that the arm linkages 5 are
composed of at least upper arms 42R, L swingably connected to the body 3
through the shoulder joints and forearm links 44R, L swingably connected to the

upper arm links through elbow joints 36R, L and the length of the upper arm links
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1s defined based on the standard deviation o.

Thus, the biped robot is configured so that the arm linkages are
composed of at least upper arm links swingably connected to the body through
the shoulder joints and forearm links swingably connected to the upper arm links
through elbow joints and the length of the upper arm links is defined based on the
standard deviation of the heights of the objects, and, therefore, the length of the
upper arm link can be optimally determined in accordance with the heights of the
objects to further improve performance with respect to the objects.

More specifically, performance with respect to the objects can be further
improved by defining an upper arm link length that enables improvement of the
degree of freedom of the upper arm link in the height region in which the
distribution density of the heights of the objects is high.

Further, there 1s provided a biped robot 1 having at least a body 3, two
leg linkages 2 each swingably connected to the body through hip joints 10, 12,
I4R(L), and two arm linkages 5 each swingably connected to the body through
shoulder joints 30, 32, 34R(L) and equipped with hands 40R(L) at their
extremities, such that it walks over a floor surface in an operating space by
swinging the leg linkages and performs operations on objects in the operating
space by driving at least the arm linkages, characterized in that: a height from the
tloor surface which ends of the leg linkages (bottom of the feet 22R, L) contact to
the hands, if the shoulder joints assume a singularity posture when the robot is in
an upright posture, is determined to be a vaIue that falls outside a range (Havg
+1/2 o) set based on an averaged value Havg obtained by averaging heights of the
objects from the floor surface and a standard deviation o of the averaged value.

Thus, the biped robot is configured so that when the biped robot is in an
upright posture the height from the floor surface contact ends of the leg linkages

to the hands when the shoulder joints assume a singularity posture is a value

falling outside a range set based on an averaged value obtained by averaging the
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heights of the objects from the floor surface and the standard deviation o thereof,
more specifically, 1s configured so that no singularity- posture of the shoulder
joints is formed in a region in which the distribution density of the heights of the
objects is high, and, therefore, the degree of freedom of the arm linkages in the
region in which the distribution density of the heights of the objects is high can be
improved, whereby performance with respect to the objects can be further
improved.

Further, there is provided a biped robot 1 having at least a body 3, two
leg linkages 2 each swingably c.onnected to the body through hip joints 10, 12,
14R(L), two arm linkages' 5 ‘each swingably connected to the body through
shoulder joints 30, 32, 34R(L) and equipped with hands 40R(L) at their
extremities, and a head 4 swingably connected to the body through a neck joint 46
and installed with a visual sensor 52 composed of an imaging device 52a, such
that it walks over a floor surface in an operating space by swinging the leg
linkages and performs operations on objects in the operating space by driving the
arm linkages based on at least information on the operating space obtained from
imagery taken by the imaging device, characterized in that: the imaging device is
installed such that optical axes connecting the hands and the imaging device make
angles within a range of from 5 degrees to 45 degrees with respect to the
horizontal direction if the arm linkages are positioned in a horizontal direction
parallel to the floor surface when the robot in an upright posture.

Thus, the biped robot is configured so that the imaging devices are

installed so that when the biped robot is in an upright posture the optical axes

'connecting the hands and the imaging devices when the arm linkages are

positioned in a horizontal direction parallel to the floor surface make angles in the
range of from 5 degrees to 45 degrees with respect to the horizontal direction, 1.e.,
by specifying the angles at which the imaging devices image the objects to be an

angle 1n the range of from 5 degrees to 45 degrees, constantly stable image
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recognition can be enabled, whereby performance with respect to the objects can

be further improved.
Further, the biped robot is configured so that when the biped robot 1 is in

an upright posture the height from the floor surface contact ends of the leg
linkages 2 to the shoulder joints is in the range of from 700 mm to 1000 mm and
the imaging devices 52a are installed so that the difference in the heights of the
shoulder joints and the imaging devices from the floor surface is in the range of
150 mm to 250 mm.

Thus, since the biped robot is configured so that when the biped robot is
in an upright posture the height from the floor surface contact ends of the leg
linkages to the shoulder joints 1s in the range of from 700 mm to 1000 mm and
the imaging devices are installed so that the difference in the heights of the
shoulder joints and the imaging devices from the floor surface is in the range of
150 mm to 250 mm, performance with respect to the objects in a home
environment, i.e., the objects positioned at heights for easy use by everyone from
adults to children, wheelchair users and so on, can be particularly improved.
Further, defining the difference in the heights of the shoulder joints and the
imaging devices from the floor surface in the aforesaid manner enables constantly
stable image recognition, whereby performance with respect to the objects can be
further improved. In addition, the height of the robot comes to be approximately
from 1000 mm to 1300 mm, which helps to provide a biped robot preéenﬁng a

likable appearance.

INDUSTRIAL APPLICABILITY

In accordance with the present invention, by determining the height of
the shoulder joints of a biped robot in‘accordance with the heights of a group of
objects (subject to operation) from the floor, specifically by setting the height of

the shoulder joints at 700 mm to 1000 mm, a robot can be provided that offers
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high performance in a home environment and an appearance (size) that is likable
and has compatibility with human society. Further, since the biped robot is
configured so that singularity postures are not allowed to be present within the
range of the objects, 1.e., within "averaged value Havg + 1/2 standard deviation o
of object heights," performance with respect to the objects can be further
improved. In addition, since the angle of the optical axis of an imaging:' device
with respect to hands i1s set in the range of from +5 degrees to +45 degrees,
constantly stable 1mage recognition can be enabled, whereby performance with

respect to the objects can be further improved.
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The embodiments of the invention in which an exclusive property or privilege is

claamed are defined as follows:

1. A biped robot having at least a body, two leg linkages each swingably connected
to the body through hip joints, two arm linkages each swingably connected to the body
through shoulder joints and equipped with hands at their extremities, and a head
swingably connected to the body through a neck joint and installed with a visual sensor
composed of an imaging device, such that said robot walks over a floor surface in an
operating space by swinging the leg linkages and performs operations on objects in the
operating space by driving the arm linkages based on at least information on the
operating space obtained from imagery takén by the imaging device, wherein the imaging
device 1s mstalled such that optical axes connecting the hands and the imagining device
make angles within a range of from 5 degrees to 45 degrees with respect to the horizontal
direction when the arm linkages are positioned in a horizontal direction parallel to the

floor surface when the robot 1s in an upright posture.

2. A biped robot according to claim 1, wherein a height from ends of the leg
linkages, that contact the floor surface, to the shoulder joints is determined to be within a
range of from 700 mm to 1000 mm and the imaging device is installed such that a
difference between the height of the shoulder joints and a height of the imaging device
from the floor surface is within a range of 150 mm to 250 mm, when the robot is in an

upright posture.
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