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57 ABSTRACT

A manipulator having three support legs each extending
between the platform and a ground. The support legs are
connected to the ground by a first joint member and to the
platform by a second joint member, and these joint members
are interconnected by a third joint member. The support legs
each have a rotational degree of freedom and have con-
straints in the joint members operable to restrict the platform
to translational motion and to constrain a relationship
between linear displacement of the first joint members and
output of the platform to be linear. With three actuators each
controlling exclusively one of three translational degrees of
freedom of the platform, the manipulator is said to be
decoupled. With the relationship being equal for a linear
displacement of any one of the first joint members and a
displacement output of the platform, the decoupled manipu-
lator is said to be isotropic.
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1
CARTESIAN PARALLEL MANIPULATORS

BACKGROUND OF THE INVENTION

1 Field of the Invention

The present invention generally relates to manipulators
and, more particularly, to parallel manipulators moving
according to three translational degrees of freedom.

2. Description of the Prior Art

Manipulators have been provided for moving and posi-
tioning elements in space, often in response to an output
from an automation system. Such manipulators are thus
found in various uses, including manipulation of objects in
space, supporting and displacing loads, precise displacing of
tools, as in the moving tool support of a milling machine.

Serial manipulators are known to have a plurality of links
interconnected in series, via joints, to form a chain of links.
All joints of a serial manipulator are individually actuated to
move an end-effector, often according to the three transla-
tional degrees of freedom (X, Y and Z) and the three
rotational degrees of freedom (roll, pitch and yaw).

An advantage of serial manipulators resides in the ease of
calculating the anticipated position and orientation of its
end-effector according to given inputs from the actuated
joints of the manipulator. This calculation is known as
forward kinematic analysis. Oppositely, the calculation of
the necessary inputs of the actuating devices on the links for
the end-effector to reach a given position and orientation is
known as the inverse kinematic analysis. Serial robots have
straightforward forward kinematic analysis leading to a
unique solution and, usually, a very complicated inverse
kinematic analysis. Parallel manipulators, on the other hand,
have, usually, a very complicated forward kinematic analy-
sis and generally (but not always) a straightforward inverse
kinematic analysis.

Each link of a chain of links of a serial manipulator must
often sustain the entire load supported by the serial
manipulator, as well as the weight of the links that are
sequentially closer to the end-effector in the chain of links.
The links of serial manipulators must be constructed to
support such loads, and thus serial manipulators enabled to
support heavy loads are themselves heavy. This reduces the
load lifting capability of the serial manipulators as a portion
of the load comes from its links. Consequently, in existing
serial manipulators, heavy loads are constantly set in
motion, even when only small and light objects are dis-
placed.

Parallel manipulators provide the advantage of having
separate legs sharing the support of a load. Parallel manipu-
lators have a plurality of supporting legs, each separated
from one another (i.c., in parallel). Consequently, a load
supported by the moving platform is split into smaller loads
for each supporting leg. The parallel manipulators are also
advantageous in not requiring the actuating devices to be
mounted on the links. In many cases, the actuating devices
of the parallel supporting members are floor-mounted.
Consequently, for a same object to be moved, parallel
manipulators involve substantially smaller loads set in
motion than would require a serial manipulator.

The complexity of the forward kinematic analysis often
precludes the use of parallel manipulators, unless such
manipulators involve closed-form solutions, or sufficient
computational speed is provided to carry out numerical
iterative methods. Closed-form solutions involve solutions
based on the solving of polynomials of degree four or less,
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in which case the solution is readily attained without neces-
sitating numerical iterative methods.

Translational parallel manipulators whose moving plat-
forms are limited to Cartesian movement (i.e., according to
three translational degrees of freedom) have been provided
in the prior art. The elimination of the three rotational
degrees of freedom simplifies the kinematic analyses. Also,
for a variety of applications, three translational degrees of
freedom are sufficient.

The publication “Structural Synthesis of Parallel Robots
Generating Spatial Translation,” by J.-M. Hervé and F.
Sparacino, reveals the topology of a 2-CRR robot [ie., a
robot having two legs formed serially of a cylindrical joint
(C-joint) and two revolute joints (R-joints)]. In the robot of
this reference, C-joints have orthogonal axes and are pro-
posed to be actuated. In Section V thereof, there are also
notes mentioning that, if a robot with fixed motors is desired,
three legs are required.

The publication “Design of Parallel Manipulators via the
Displacement Group,” by J.-M. Hervé, presents three
designs that were chosen from a multitude of possibilities
enumerated in “Structural Synthesis of Parallel Robots Gen-
erating Spatial Translation,” by Hervé and Sparacino. The
“Y-Star” parallel robot, one of the three designs, relates in
subject matter to U.S. Pat. No. 4,976,582, issued in 1990 to
Reymond Clavel, and entitled “Device for the Movement
and Positioning of an Element in Space,” which proposes a
popular translational parallel robot (the Delta robot).
Another one of the three designs, the “Prism” robot is
described in “Design of Parallel Manipulators via the Dis-
placement Group,” and has passive prismatic joints
(P-joints), i.e., P-joints that are not actuated. Such passive
P-joints are quite impractical. It is pointed out that, in
“Design of Parallel Manipulators via the Displacement
Group,” Herve proposes a generally accurate actuation
scheme, stating, however, that the direction of the passive
P-joints may be arbitrary, which is wrong. For example, in
his “Prism” robot, in at least one of the legs with coaxial
prismatic actuators, the direction of the passive P-joint
should not be perpendicular to the axis of the cylindrical
joint (C-joint) of the leg.

The publication “A Novel Three-DOF Translational Plat-
form and Its Kinematics,” by T. S. Zhao and Z. Huang
proposes a 3-RRC parallel robot with the axes of the C-joints
being coplanar. There are two characteristics to this coplanar
configuration in the above-mentioned robot: (i) the three
translational degrees of freedom of the moving platform
cannot be controlled by actuators placed at the C-joints, and
(i) the direct kinematics cannot be solved linearly. The
authors do not discuss these drawbacks.

The possibility of using a CRR leg or, more generally, a
PRRR leg for constructing a translational parallel robot has
not been forgotten in the past. This possibility was men-
tioned in the publication “Synthesis by Screw Algebra of
Translating In-Parallel Actuated Mechanisms,” by A.
Frisoli, D. Checcacci, F. Salsedo and M. Bergamasco.

In the above publication, researchers have proposed
designs with legs having only five R-joints or four passive
R-joints and one active P-joint. Initially, the designs
included two U-joints (i.e., universal joints), but it became
evident that the only requirement should be that, in each leg
with five R-joints, the axes of two or three successive
R-joints are parallel as well as the axes of the other R-joints,
or in each leg with four R-joints and one P-joint, the axes of
two successive R-joints or two R-joints connected via a
P-joint are parallel, while the axes of the other two R-joints
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are also parallel. An example of this is also illustrated in “A
Family of 3-DOF Translational Manipulators,” by M. Car-
ricato and V. Parenti-Castelli.

The publication “Kinematic Analysis of Spatial Parallel
Manipulators: Analytic Approach,” by Doik Kim proposes a
number of new generalized translational parallel mecha-
nisms. One of the proposed architectures is based on three
PRRRR legs. In each leg, the axes of the last three R-joints
are mutually parallel but not parallel to the direction of the
P-joint, and the second R-joint is skew to both the direction
of the P-joint and the axes of the other three R-joints.

Finally, U.S. Pat. No. 5,156,062, issued in 1992 to Walter
T. Appleberry, entitled “Anti-Rotation Positioning
Mechanism,” discloses a 3-URU (or 3-UPU) translational
parallel mechanism.

In the creation of a manipulator, two factors are opposed.
On one hand, the moving platform of the manipulator must
be displaceable as freely as possible, with regard to the six
degrees of freedom. On the other hand, the displacement of
the moving platform must be readily calculable. One way to
simplify this calculation is to constrain the moving platform
to Cartesian movement by specific arrangements of the joint
axes and proper selection of the joints to be actuated.

SUMMARY OF THE INVENTION

It is therefore an aim of the present invention to provide
a translational parallel manipulator having a movable por-
tion whose position is calculable in space according to the
solution of a set of linear equations.

It is a further aim of the present invention to provide a
method for controlling a displacement of the movable por-
tion of the translational manipulator.

It is a still further aim of the present invention to provide
a decoupled translational parallel manipulator.

It is a still further aim of the present invention to provide
an isotropic decoupled translational parallel manipulator.

Therefore, in accordance with the present invention, there
is provided a manipulator for receiving and displacing an
object, comprising a moving portion, adapted for receiving
the object; at least three articulated support legs each extend-
ing between the moving portion and a ground for supporting
the moving portion, each of the articulated support legs
being connected to the ground by a first joint member and to
the moving portion by a second joint member, the first joint
member and the second joint member in each of the articu-
lated support legs being interconnected by at least a third
joint member, the articulated support legs each having at
least one rotational degree of freedom and having con-
straints in the joint members operable to restrict movement
of the moving portion to three translational degrees of
freedom and to constrain a relationship between linear
displacement of the first joint members and output of the
moving portion to be linear; and at least three linear actua-
tors being each operatively connected to a different one of
the first joint members for controlling the movement of the
moving portion in any of the three translational degrees of
freedom.

Also in accordance with the present invention, there is
provided a method for controlling movement of a moving
portion of a manipulator in any of three translational degrees
of freedom, comprising the steps of providing a manipulator
having a moving portion being supported by at least three
articulated support legs each extending between the moving
portion and a ground, each of the articulated support legs
being connected to the ground by a first joint member and to
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the moving portion by a second joint member, the first joint
member and the second joint member of each of the articu-
lated support legs being interconnected by at least a third
joint member, the articulated support legs each having at
least one rotational degree of freedom and having con-
straints in the joint members operable to restrict movement
of the moving portion to three translational degrees of
freedom and to constrain of the relationship between linear
displacement of the first joint members and output of the
moving portion to be linear; providing at least three linear
degrees of actuation to the manipulator by connecting an
actuator to each of the first joint members; receiving a
displacement signal for a given position of the moving
portion; calculating control signals for the actuators of the
first joint members using a linear function of said displace-
ment signal; and displacing the moving portion to the given
position by controlling the three degrees of actuation in
accordance with said control signals.

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus generally described the nature of the
invention, reference will now be made to the accompanying
drawings, showing by way of illustration a preferred
embodiment thereof, and in which:

FIG. 1 is schematic front perspective view of the manipu-
lator in accordance with the present invention;

FIG. 2 is a perspective view of a first configuration of the
preferred embodiment of the manipulator of the present
invention;

FIG. 3 is a perspective view of a second configuration of
the preferred embodiment of the manipulator of the present
invention; and

FIG. 4 is a perspective view of a third configuration of the
preferred embodiment of the manipulator of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

According to the drawings and more particularly to FIG.
1, a translational parallel manipulator of the present inven-
tion is generally shown at 10 as a schematic representation
of a structure. The present invention includes a plurality of
embodiments each having this similar structure or a part of
this structure. Consequently, FIG. 1 will be used for refer-
ence purposes. The translational parallel manipulator 10
comprises a moving platform 11, which may, for instance, be
a moving platform adapted for supporting and displacing
loads, carrying tools or the like, and for applications such as
assembly, pick-and-place and machine loading.

In the translational parallel manipulator 10, the moving
platform 11 is connected to a ground or base 12 by three
legs, namely legs A, B and C. The legs A, B and C are each
composed of two links. Namely, leg A comprises links Al
and A2. Link Al is connected to the base 12 by joint JA1 and
at an opposed end thereof to an end of link A2 by joint JA2.
The opposed end of link A2 is connected to the moving
platform 11 by joint JA3. Similarly, the link B1 is connected
to the base 12 by joint JB1. The opposed end of link Bl is
connected to a bottom end of link B2 by joint JB2, and a top
end of link B2 is connected to the moving platform 11 by
joint JB3. The leg C has its link C1 connected to the base 12
by joint JC1. The links C1 and C2 are interconnected by
joint JC2. Finally, the link C2 of the leg C is connected to
the moving platform 11 by joint JC3. It is pointed out that
the above-mentioned joints may include combinations of
joints that interact to create the equivalent of a joint.
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The above-described joints are of various types according
to various embodiments of the present invention. The joints
will create constraints on the legs, and the constraints
induced by the legs will restrict the moving platform 11 to
motion in the three translational degrees of freedom (X, Y
and Z), hence the name translational parallel manipulator. In
other terms, any displacement of the moving platform 11
will involve the translation of each single one of its points
by a same vector, by specific combinations of joints along
with configuration conditions that will create the above-
mentioned constraints. More specifically, the three rotational
degrees of freedom are removed from the moving platform
11 by the addition of the constraints of each leg. Any one of
the legs (i.e., A, B or C) of the parallel manipulator of the
present invention removes at most two rotational degrees of
freedom from the moving platform 11.

In a preferred embodiment of the present invention, the
translational parallel manipulator has joints at Jil (with i=A,
B and C) joining the base 12 to the first links il (i=A, B and
C) that provide at least a translational degree of freedom so
as to be actuated by linear actuators, as well as one or two
rotational degrees of freedom in different directions. The
translational parallel manipulator in accordance with the
preferred embodiment of the present invention has revolute
joints (R-joints) at Ji2 (i=A, B and C) to join the first links
il to the second links i2 (i=A, B and C), and R-joints at Ji3
to join the second links i2 to the moving platform 11.
Furthermore, the translational parallel manipulator 10 has
three degrees of actuation, herein shown as being provided
by actuators 13, which actuate the translational degree of
freedom of the joints Jil and are thus positioned on and
supported by the base 12. It is pointed out that other suitable
actuation means, such as manual actuation, may be used
with the translational parallel manipulators of the present
invention, if they can provide the necessary linear degrees of
actuation. The actuators 13 are interconnected to a control
system 14, that may be used for calculating the inputs of the
actuators 13 required for given displacements of the moving
platform 11, and control the actuators 13 accordingly. The
control system 14 may include user interfaces, such as
keyboards, monitors, control devices, joysticks, such that a
user may enter or command displacements of the moving
platform 11 to given positions and orientations.

In order for the parallel manipulators 10 of the preferred
embodiment to be restricted to translation motion, the rota-
tional axes of the R-joints of each leg must be parallel to one
rotational axis of the Jil joint (i=A, B, C) in the same leg,
and the translation direction of each Jil joint (i=A, B, C)
must not be perpendicular to the axes of R-joints Ji2 and Ji3.
If there is one rotational degree of freedom in the joint Jil,
then at least two legs must have R-joint axes not parallel to
each other (e.g., the R-joint axes of leg Amust not be parallel
to the R-joint axes of leg B). If there are two rotational
degrees of freedom in the joint Jil, then the lines that are
perpendicular to the axes of rotation of the composite joints
Jil (i=A, B, C) must not all be parallel to a same plane. The
conditions limit the parallel manipulator 10 to a translational
motion.

In a translational parallel manipulator of the present
invention, the three legs (A, B and C) are characterized in
that, when only one of the legs (A, B or C) is connected to
the moving platform 11, and the actuated joint, namely Jil
(with i=A, B or C), of the leg is blocked, the moving
platform 11 will only translate along a plane, referred to as
the primary plane, if the moving platform 11 is kept at a
constant orientation. For each of the legs i (i=A, B and C),
the relationship between the input displacement of each
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actuator and the output displacement along the correspond-
ing direction is linear. The forward kinematic analysis and
the inverse kinematic analysis are thus guaranteed to be
linear too.

The parallel manipulators in accordance with the pre-
ferred embodiment of the present invention have two
characteristics, which characteristics are herein defined as
decoupling and isotropy. A translational parallel manipulator
is said to be decoupled when each actuator controls exclu-
sively one of the three translational degrees of freedom of
the moving platform, with the three degrees of freedom
being along three orthogonal directions. In the preferred
embodiment of the present invention, the normals of the
primary planes of each leg i are orthogonal to one another,
and one of the normals is parallel to the X-axis, another to
the Y-axis, and the remaining one to the Z-axis. Thus, each
actuator controls exclusively one translational degree of
freedom of the moving platform along the direction of
X-axis, Y-axis or Z-axis. In addition, the relationship
between the input displacement of each actuator, and the
output displacement along the corresponding direction is
linear, characterized by a reduction factor that remains
constant.

If); (i=A, B, C) is a variable denoting the tracked distance
by the linear input of the actuated joint in leg i (i=A, B, C),
then the following input-output relationship is true:

x=K A+C,
y=KphstCp

=K AA+C

where C; and K, (i=A, B, C) are constant, K; being the
reduction factor, and X, y, z are the distances traveled by
the moving platform 11 along the X-, Y- and Z-axes,
respectively.

The decoupling characteristic facilitates the control of the
displacement of the moving platform 11. As the reduction
factor is constant, the displacement of the moving platform
11 in accordance with given increments of X, Y or Z
translation can be achieved without knowing the position of
the moving platform 11. Accordingly, the computational
power required for performing displacements may be kept to
a minimum, and real-time uses, such as controlling the
displacement of the moving platform with a joystick, are
contemplated.

A decoupled translational parallel manipulator is said to
be isotropic when the reduction factor is the same for all
legs. In other words, in the above-described equations, K, is
equal to both K; and K.. The equivalence of reduction
factor ensures predictable results with respect to errors and
tolerances. Isotropic parallel manipulators are accordingly
recommended for uses requiring both precision and
accuracy, and the parallel manipulators may be rated for use
in a predetermined working volume, wherein the precision
and accuracy remain within desired tolerances. Such uses
include machining, microassembly (e.g., building a
microstage or a manipulator), and medical robotics (e.g.,
building a robot to carry a microscope).

In theory, the decoupling and isotropy principles are
illustrated by the Jacobian Matrix of the parallel manipulator
that maps the vector of actuator velocities into the vector of
output linear velocities. A decoupled parallel manipulator
has a diagonal Jacobian Matrix, with the diagonal elements
(i.e., reduction factors) being cos c,, cos o, and cos c., with
a; (=%, ¥, z) being the angle between the i-axis, which is
parallel to the R-axes of a leg, and the linear displacement
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axis of the actuator. The decoupled parallel manipulator is
isotropic if |cos o], [cos o, [cos o | are equal.

In order for the kinematic analyses to be linear, the linear
actuators 13 must be actuated under the condition that the
axes of all R-joints being parallel to at least another R-joint
axis in a same leg must not all be parallel to a same plane.
This condition, joined to the condition that the translation
direction of each P-joint must not be perpendicular to the at
least two parallel rotational axes of its respective R-joints,
will ensure a linear solution to both the forward and the
inverse kinematic analyses of the translational parallel
manipulator 10. To make the parallel manipulator
decoupled, the following condition should be further met.
The axes of all R-joints being parallel to at least another
R-joint axis in a same leg of one leg should be perpendicular
to those of the other legs.

Referring to FIG. 2, a first configuration of the preferred
embodiment of the translational parallel manipulator 10
being decoupled and isotropic is illustrated having the
3-CRR configuration (i.e., with i=A, B and C, R-joints at Ji2
and Ji3, and C-joint at Jil), with the axes of the R-joints at
the moving platform 11 being in an orthogonal relationship
with one another. In this optimal configuration, all axes of
the joints in a leg are parallel to one another. Accordingly,
the translation directions of the C-joints are orthogonal one
to another. The parallel manipulator 10 has three degrees of
actuation, which are linear actuators (not shown) that actuate
the translation portion of each C-joint, namely in X, Y and
Z.

For the 3-CRR parallel manipulator of FIG. 2, the reduc-
tion factors K, (i=A, B, C) are all equal to 1 for the parallel
manipulator 10 of FIG. 2, with the three linear displace-
ments being in orthogonal directions. The actuation is pref-
erably provided by a piston of a cylinder mechanism,
although plural types of actuation are suitable, such as
manual actuation of the linear degrees of freedom. The
workspace of the parallel manipulator 10 of FIG. 2 is
generally in the shape of a cube.

In the 3-CRR embodiment illustrated in FIG. 2, the
relationship between the linear displacement of the actuators
13 and the output displacement of the moving platform 11 is
linear and both the forward kinematic analysis and the
inverse kinematic analysis are accordingly linear. In fact, in
this case, since we have decoupling with reduction factors
all equal to 1, the inverse kinematics and the forward
kinematics do not require any computations.

The C-joint of the CRR leg includes equivalent
embodiments, such as an actuated P-joint displacing an
R-joint. In such a case, the direction of the P-joint need not
be parallel to the axis of the R-joint. In practice, the
P-joint/R-joint configuration is used, for instance, in a
machine tool to create an actuated C-joint, with the actuated
P-joint being a linear motion guide. The actuated C-joint
may be a strut actuator. Also, in another embodiment, the
R-joints at Ji2 (I=A, B and C) may be replaced by P-joints.

Referring to FIG. 3, a second decoupled and isotropic
configuration of the preferred embodiment of the parallel
manipulator 10 is shown. The parallel manipulator 10 of
FIG. 3 has a combination of a P-joint and an R-joint at Jil
(with i=A, B and C), this providing a 3-PRRR parallel
manipulator (i.e., with i=A, B and C, a P-joint and R-joint
combination at Jil, and R-joints at Jil and Ji3). The R-joints
of each leg are parallel to one another, and the axes of all
R-joints of a leg are orthogonal to the axes of the R-joints of
the other legs. The P-joints are advantageous when com-
pared to the parallel manipulator 10 of FIG. 2, as they are in
a plane and may thus be supported by the base 12. Therefore,
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the risk of bending the linear joints’ is reduced by this
embodiment. The reduction factor K; (i=A, B, C) is equal to

[FSTR ]

Referring to FIG. 4, a third decoupled and isotropic
configuration of the preferred embodiment of the parallel
manipulator 10 is shown having legs of the type PRRR, i.c.,
with i=A, B and C, a combination of a P-joint and R-joint at
Jil, and R-joints at Ji2 and Ji3. The three sets of parallel axes
of the R-joints of each of the legs are orthogonal. The
translation directions of the P-joints are parallel to one
another. The reduction factor K; (i=A, B, C) is equal to

—

The parallel manipulator 10 in accordance with the third
configuration is advantageous, as the workspace may be
easily scaled in the vertical direction. When the moving
platform 11 undergoes pure vertical motions (namely, in the
same direction as the translation direction), all actuators
move at the same rate. Therefore, the parallel manipulator 10
in accordance with the third embodiment is well suited for
pick-and-place applications.

It is pointed out that helical joints (H-joints) and passive
P-joints may be used in the manipulators described above.
For instance, the R-joints can be replaced by H-joints, and
the C-joints by a combination of a H-joint and an R-joint
with parallel axes. The forward kinematic analysis and
inverse kinematic analysis are linear as long as there exist
three primary planes in the translational parallel manipulator
and the relationship between the input displacement of each
actuator and the output displacement along the correspond-
ing direction is linear.

Also, the intermediate R-joint may be replaced by a
passive P-joint. One condition is that the P-joint direction is
parallel to the corresponding primary plane. However, the
passive P-joints are impractical as the stroke they provide is
a function of their size, and, as they are more prone to failure
than R-joints, the R-joints remain an optimal solution by
their simplicity.

It has also been thought to introduce inactive joints into
the parallel manipulators. Inactive joints are joints that do
not see motion between the components they link. The
addition of inactive joints allows some over-constrained
parallel manipulators to become statically determined,
thereby facilitating their assembly and simplifying their
dynamic analyses. However, adding inactive joints reduces
the stiffness of the manipulators.

We claim:

1. A manipulator for receiving and displacing an object,
comprising:

a moving portion, adapted for receiving the object;

at least three articulated support legs each extending

between the moving portion and a ground for support-
ing the moving portion, each of the articulated support
legs being connected to the ground by a first joint
member and to the moving portion by a second joint
member, the first joint member and the second joint
member in each of the articulated support legs being
interconnected by at least a third joint member, the
articulated support legs each having at least one rota-
tional degree of freedom and having constraints in the
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joint members operable to restrict movement of the
moving portion to three translational degrees of free-
dom and to constrain a relationship between linear
displacement of the first joint members and output of
the moving portion to be linear; and

at least three linear actuators being each operatively
connected to a different one of the first joint members
for controlling the movement of the moving portion in
any of the three translational degrees of freedom.

2. The manipulator according to claim 1, wherein the
second joint members are revolute joints, the axes of the
revolute joints of the second joint members being orthogonal
with one another.

3. The manipulator according to claim 1, wherein the
second and third joint members each are revolute joints, the
axes of the revolute joints in a same one of the legs are
parallel to one another, and the axes of the revolute joints of
the second joint members are orthogonal with one another.

4. The manipulator according to claim 3, wherein each of
the first joint members is any one of a cylindrical joint with
an axis parallel to the axes of the revolute joints of the same
leg, and a combination of a revolute joint and of a prismatic
joint with an axis of the revolute joint of the first joint
member parallel to the axes of other ones of the revolute
joints of a same one of the legs.

5. The manipulator according to claim 4, wherein each of
the first joint member is said combination of a revolute joint
and of a prismatic joint, with translation directions of the
prismatic joints being parallel to one another.

6. The manipulator according to claim 1, wherein none of
the joints members has inactive joints.

7. The manipulator according to claim 1, wherein said
relationship is equal for a linear displacement of any one of
the first joint members and a displacement output of the
moving portion.

8. A method for controlling movement of a moving
portion of a manipulator in any of three translational degrees
of freedom, comprising the steps of:

providing a manipulator having a moving portion being
supported by at least three articulated support legs each
extending between the moving portion and a ground,
each of the articulated support legs being connected to
the ground by a first joint member and to the moving
portion by a second joint member, the first joint mem-
ber and the second joint member of each of the articu-
lated support legs being interconnected by at least a

10

15

25

30

35

40

45

10

third joint member, the articulated support legs each
having at least one rotational degree of freedom and
having constraints in the joint members operable to
restrict movement of the moving portion to three trans-
lational degrees of freedom and to constrain a relation-
ship between linear displacement of the first joint
members and output of the moving portion to be linear;

providing at least three linear degrees of actuation to the
manipulator by connecting an actuator to each of the
first joint members;

receiving a displacement signal for a given position of the

moving portion;

calculating control signals for the actuators of the first

joint members using a linear function of said displace-
ment signal; and

displacing the moving portion to the given position by

controlling the three degrees of actuation in accordance
with said control signals.

9. The method according to claim 8, wherein the second
joint members are revolute joints, the axes of the revolute
joints of the second joint members being orthogonal with
one another.

10. The method according to claim 8, wherein the second
and third joint members each are revolute joints, the axes of
the revolute joints in a same one of the legs are parallel to
one another, and the axes of the revolute joints of the second
joint members are orthogonal with one another.

11. The method according to claim 10, wherein each of
the first joint members is any one of a cylindrical joint with
an axis parallel to the axes of the revolute joints of the same
leg, and a combination of a revolute joint and of a prismatic
joint with an axis of the revolute joint of the first joint
member parallel to the axes of other ones of the revolute
joints of a same one of the legs.

12. The method according to claim 11, wherein each of
the first joint member is a combination of a revolute joint
and of a prismatic joint, with translation directions of the
prismatic joints being parallel to one another.

13. The method according to claim 8, wherein none of the
joints members has inactive joints.

14. The method according to claim 8, wherein a relation-
ship between a linear displacement of any one of the first
joint members and a resulting displacement output of the
moving platform is equal for all the first joint members.
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