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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure relates to the technical field of robot, and particularly to a
method and a device for controlling a gait of a biped robot.

BACKGROUND ART

[0002] Biped robots are robot systems that simulate the structure and mode of movement of
human legs. It has the movement characteristic of human legs, and has complex interaction
with the ground during the walking process. Biped robots need high degree of stability
controlling when walking. Therefore, reasonable gait controlling is the precondition for realizing
the human-simulating steady dynamic walking of biped robots. One complete gait of biped
robots comprises a step starting phase, a mid-step phase and a step ending phase. The step
starting phase and the step ending phase are very critical parts of gait controlling, and
influence whether the robot can successfully enter the walking state and end the walking state.
However, currently the research on biped robots mainly focuses on the controlling on the gait
in the mid-step phase, and the research on the controlling on the gait in the step starting phase
and the step ending phase is little. For example,

[0003] US20090271037A1 provides a method of generating a walking pattern for a humanoid
robot. The method of generating the walking pattern for the humanoid includes determining a
position of a next Zero Moment Point (ZMP) along a moving direction of the humanoid robot,
obtaining a first condition for generating a walking pattern based on the determined ZMP by
using a periodic step module, generating trajectories of a ZMP and a Center of Mass (CoM) in
an initial step based on the first condition and an initial value obtained from an initial state of
the humanoid robot by using a transient step module, generating trajectories of a ZMP and a
CoM in a steady step based on the ZMP of two steps by using a steady step module, and
generating trajectories of a ZMP and a CoM in a final step by using the transient step module.

[0004] EP1084943A2 provides a robot ambulation control apparatus and a method. The
apparatus and the method obtain the pattern of movement of the entire body for walking by
deriving the pattern of movement of the loins from an arbitrarily selected pattern of movement
of the feet, the trajectory of the ZMP, the pattern of movement of the trunk and that of the
upper limbs. A robot can determine the gait of the lower limbs so as to realize a stable walk
regardless if the robot is standing upright or walking.

[0005] ALEXANDER WERNER et al. ("Optimization-based generation and experimental
validation of optimal walking trajectories for biped robots") studied optimization-based
generation and experimental validation of optimal walking trajectories for biped robots, and put
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forward an efficient formulation, which only requires parameterizing the joint states and does
not require to integrate the equations of motion. The results of the optimization are applied to a
real robot, with the aid of a suitable stabilizing controller.

[0006] In addition, in the prior art, the step starting phase and the step ending phase have
poor walking stability, and cannot steadily enter the walking state and steadily end the walking
state.

SUMMARY OF THE DISCLOSURE

[0007] The present disclosure provides a method and a device for controlling a gait of a biped
robot, to solve the problem in the conventional solutions for controlling a gait of a biped robot
that the step starting phase and the step ending phase have poor walking stability and cannot
steadily enter the walking state and steadily end the walking state.

[0008] According to an aspect of the present disclosure, there is provided a method for
controlling a gait of a biped robot according to claim 1.

[0009] According to another aspect of the present disclosure, there is provided a device for
controlling a gait of a biped robot according to claim 10.

[0010] The advantageous effects of the present disclosure are: the solution of controlling a gait
of a biped robot of the embodiments of the present disclosure firstly selects gait controlling
parameters of the biped robot, acquires a movement trajectory of a center of mass in the mid-
step phase when a zero moment point ZMP of the biped robot is located within a steady area
and first numerical values and second numerical values that are corresponding to each of the
gait controlling parameters, determines the movement trajectory of the center of mass in the
step starting phase according to the first numerical values, and calculates the movement
trajectory of the center of mass in the step ending phase by using the second numerical
values, thereby realizing keeping the continuous linking of the step starting phase and the step
ending phase with the mid-step phase by the gait controlling parameters. In addition, because
the steady walking of the robot is ensured by the conditional defining of the mid-step phase by
using the ZMP, then by appropriately linking the step starting phase, the mid-step phase and
the step ending phase using the gait controlling parameters, each of the phases satisfies the
steady walking condition, which ensures the steady walking of the biped robot in the whole
movement. Furthermore, the technical solutions, on the basis of ensuring that the center of
mass of the robot satisfies steady walking, provide on the basis of the movement trajectory of
the center of mass a new solution of controlling the walking gaits of each of the joints of the
legs, and such a controlling solution can further improve the stability of the walking process,
increase the efficiency of the whole walking process, and realize the steady starting and ending
of the walking process.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0011]

Fig. 1 is the schematic flow chart of a method for controlling a gait of a biped robot according
to an embodiment of the present disclosure;

Fig. 2 is the forward direction view of a nine-link model of a biped robot according to an
embodiment of the present disclosure;

Fig. 3 is the lateral direction view of a nine-link model of a biped robot according to an
embodiment of the present disclosure;

Fig. 4 is the projection schematic representation of the walking position of a biped robot
according to an embodiment of the present disclosure;

Fig. 5 is the schematic representation of the principle of a linear inverted pendulum model;

Fig. 6 is the forward direction schematic representation of the supporting leg of a biped robot
according to an embodiment of the present disclosure;

Fig. 7 is the forward direction schematic representation of the swinging leg of a biped robot
according to an embodiment of the present disclosure;

Fig. 8 is the lateral direction schematic representation of the two legs of a biped robot
according to an embodiment of the present disclosure;

Fig. 9 is the schematic representation of the swinging angles of the shoulder joints of a biped
robot according to an embodiment of the present disclosure; and

Fig. 10 is the schematic representation of a structure for controlling the angles of the joints of a
biped robot according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0012] The technical solutions of the embodiments of the present disclosure propose solutions
of controlling the complete gait of the steady walking of a biped robot, which can more
effectively realize steady step starting and steady step ending. In addition, the technical
solutions, by obtaining the movement trajectory in the mid-step phase on the precondition that
the zero moment point is always located in the steady area, reasonably link the movement
trajectories of the step starting phase, the step ending phase and the mid-step phase in terms
of position, speed and/or acceleration, to ensure that the step starting phase and the step
ending phase can both satisfy the stability condition. In addition, the solutions, by using the
conversion between potential energy and kinetic energy when the robot is moving, can start
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and end the normal walking process rapidly in one step, which avoids the problem in the prior
art that several phases are required to reach and end the normal walking state, and realizes
the steady and fast walking of the biped robot.

[0013] Fig. 1 is the schematic flow chart of a method for controlling a gait of a biped robot
according to an embodiment of the present disclosure. Referring to Fig. 1, in the present
embodiment, the method for controlling a gait of a biped robot comprises the following steps:

Step S11, selecting gait controlling parameters of the biped robot in a step starting phase, a
mid-step phase and a step ending phase, and acquiring a movement trajectory of a center of
mass of the biped robot in the mid-step phase when a zero moment point (for short, ZMP) of
the biped robot is located within a steady area;

Step S12, obtaining, according to the movement trajectory of the center of mass in the mid-
step phase, first numerical values of each of the gait controlling parameters of the center of
mass when the mid-step phase starts and second numerical values of each of the gait
controlling parameters of the center of mass when the mid-step phase ends;

Step S13, setting a first constraint condition that the center of mass is required to satisfy when
the step starting phase ends by using the first numerical values, and setting a second
constraint condition that the center of mass is required to satisfy when the step ending phase
starts by using the second numerical values;

Step S14, calculating the movement trajectories of the center of mass in the step starting
phase and the step ending phase on the basis of the first constraint condition and the second
constraint condition, respectively; and

Step S15, controlling a walking of the biped robot, so that when the biped robot is walking, the
movement trajectory of the center of mass satisfies each of the movement trajectories of the
center of mass in the step starting phase, the mid-step phase and the step ending phase, to
realize a steady walking of the biped robot.

[0014] On the basis of that shown in Fig. 1, in Step S11 the gait controlling parameters
comprise three parameters of position, speed and acceleration, or the gait controlling
parameters comprise two parameters of position and speed. Further, each parameter of the
gait controlling parameters comprises three direction components of a forward direction, a
lateral direction and a vertical direction when the biped robot is walking.

[0015] It can be known from the method shown in Fig. 1 that, the method for controlling a gait
of a biped robot of the present embodiment controls both the movement trajectories of the
center of mass of the biped robot in the step starting phase and the step ending phase, and by
the controlling, when the biped robot is walking, the movement trajectory of the center of mass
satisfies each of the movement trajectories of the center of mass in the step starting phase, the
mid-step phase and the step ending phase, to realize a steady walking of the biped robot.
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Because the acquired movement trajectory of the center of mass in the mid-step phase
satisfies the steady walking condition, the stability can also be ensured by controlling the
movement trajectories of the center of mass in the step starting phase and the step ending
phase by using the corresponding numerical values of the gait controlling parameters that are
determined by the movement trajectory of the center of mass in the mid-step phase. That is,
compared with the prior art, the method of the present embodiment can ensure the stability in
the step starting phase and the step ending phase, and meanwhile achieves better linkings
between the step starting phase and the mid-step phase and between the mid-step phase and
the step ending phase, which realizes that the biped robot can steadily walk throughout a
complete walking process.

[0016] The method for controlling a gait of a biped robot of the embodiment of the present
disclosure will be described below with reference to a specific biped robot model.

[0017] Fig. 2 is the forward direction view of a nine-link model of a biped robot according to an
embodiment of the present disclosure. Fig. 3 is the lateral direction view of a nine-link model of
a biped robot according to an embodiment of the present disclosure. Fig. 4 is the projection
schematic representation of the walking position of a biped robot according to an embodiment
of the present disclosure. Referring to Fig. 2 to Fig. 4, in Fig. 2 P1-P9 individually represent
different parts of the biped robot; for example, P8 and P9 represent the left arm and the right
arm of the biped robot, and m1-m7 individually represent the masses of the links. In the
present embodiment, with the advancing direction of the walking of the biped robot as the X-
axis (that is, the forward direction), with a lateral direction of the walking of the biped robot as
the Y-axis (such as the right lateral direction of the walking), and with the direction that is up-
right and perpendicular to the ground as the Z-axis, a Cartesian coordinate system is
constructed. As shown in Fig. 2 and Fig. 3, they show the forward direction view (that is, the
xoz plane) and the lateral direction view (that is, the yoz plane) of a simplified model of the
biped robot that is constructed by nine homogeneous-material links and joints, in which a
single shoulder joint of the biped robot has one degree of freedom of front-and-back swinging,
a single ankle joint has two degrees of freedom of front-and-back swinging and left-and-right
swinging, a single knee joint has one degree of freedom of front-and-back swinging, and a hip
joint has three degrees of freedom of left-and-right swinging, front-and-back swinging and
rotation.

[0018] Furthermore, in each of the walking gaits of the biped robot, with the projection on the
ground of the ankle joint of the supporting leg of the biped robot as the origin of coordinate,
with the horizontal advancing direction as the X-axis, and with the lateral direction of the
walking as the Y-axis, the planar rectangular coordinate system (XOY) of the biped robot itself
is constructed. In the mid-step phase of the continuous walking of the biped robot, at the
terminating time moment of the supporting period of each single leg, when the foot connected
to the swinging leg swings to a reasonable position, the center of mass of the biped robot has
a new supporting point. Further, with the new supporting point as the origin of coordinate, with
the horizontal advancing direction as the X-axis, and with the lateral direction of the walking as
the Y-axis, the planar rectangular coordinate system (XOY) of the biped robot itself is
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constructed. The terminating state of the previous supporting point is taken as the initial state,
so that the robot starts again a new single step, and by linking those single steps the
continuous walking mode of the robot is constructed. As shown in Fig. 4, in the beginning, the
projection on the ground of the ankle joint of the right supporting leg is taken as the origin of
coordinate (that is, the point O represents the projection in the planar rectangular coordinate
system of the right leg of the biped robot, and the point that has a predetermined distance from
the point O in the Y-axis direction represents the projection in the planar rectangular coordinate
system of the left leg of the biped robot). Correspondingly, the points in the X-axis represent
the movement trajectory of the right supporting leg when the biped robot is walking, and the
points that are on the left of the X-axis and have a predetermined distance from the X-axis
represent the movement trajectory of the left supporting leg.

[0019] In an embodiment of the present disclosure, the method is illustratively described by
taking the example that the gait controlling parameters are position, speed and acceleration. A
solution of controlling a gait of a biped robot must be evaluated in terms of stability, and the
present embodiment takes zero moment point (for short, ZMP) as an important base of the
stability of the dynamic walking of the biped robot. The ZMP is the point of action of the
accumulated force exerted on the sole of the supporting leg of the robot, and at that point the
moment of the accumulated force is zero in the horizontal direction. In order to ensure the
steady walking of the biped robot, it must be ensured that the ZMP always falls in the steady
area at any time moment during the walking process. The steady area refers to the projection
on the horizontal plane of the convex-shaped area that is formed by the supporting foot.

[0020] The detailed implementation process of controlling by employing the gait controlling
method of the present disclosure in a complete walking process of the biped robot will be
described below in three phases.

() The controlling of the movement trajectory of the center of mass in the mid-step
phase

[0021] The mid-step phase is the phase of the smooth periodic walking of the biped robot. A
complete single step consists of a one-leg-supporting period (the duration is set as 71) and a

two-leg-supporting period (the duration is set as T5), and the whole mid-step phase has a

plurality of one-leg-supporting periods and two-leg-supporting periods that appear periodically.
The present embodiment, in both the one-leg-supporting periods and the two-leg-supporting
periods, employs a linear inverted pendulum model to control the trajectory of the center of
mass, to ensure that the walking of the robot satisfies the stability condition (that is, the zero
moment point ZMP is always located within the steady area). However, the present disclosure
is not limited to the linear inverted pendulum model, and other models can be employed to
calculate the movement trajectory of the center of mass.

[0022] The method, after acquiring the movement trajectory of the center of mass of the biped
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robot in the mid-step phase, by using the movement trajectory, obtains the numerical values of
each of the gait controlling parameters of the center of mass when the mid-step phase starts
as first numerical values, and obtains the numerical values of each of the gait controlling
parameters of the center of mass when the mid-step phase ends as second numerical values.
More specially, the method is to obtain the following information of the biped robot: when the
mid-step phase starts, the position X40), speed X0) and acceleration X40) in the x-axis

direction and the position Y40), speed Y,(0) and acceleration Y4(0) in the y-axis direction of

the coordinate system of the center of mass; and when the mid-step phase ends, the position
Xs(0), speed Xs(0) and acceleration X(0) in the x-axis direction and the position Yg(0), speed

Ys(0) and acceleration Yg(0) in the y-axis direction of the coordinate system of the center of

mass. If the walking stability is to be kept throughout the whole mid-step phase, it is set that the
height of the center of mass of the biped robot is not changed, that is, the position of the center
of mass in the z-axis direction is not changed, and the speed and the acceleration are both
equal to 0, so the movement trajectory in the Z-axis direction can be known in advance. As for
the scenes in which the height of the center of mass changes in the mid-step phase, it is
required to acquire the heights of the center of mass when the mid-step phase starts and when
the mid-step phase ends (that is, the special numerical values in the z-axis direction).

[0023] In the present embodiment, the above first numerical values and second numerical
values are acquired from the calculation results of the linear inverted pendulum model.
However, the constructing of the linear inverted pendulum model and the calculating by using
the linear inverted pendulum model are not the key of the embodiments of the present
disclosure, and can be implemented by using the prior art, and the detailed calculating method
will not be in detail described and will only be described briefly as follows. In order to improve
the stability of the walking movement of the biped robot, the method simplifies the robot in the
two-leg-supporting periods as a virtual linear inverted pendulum model. Fig. 5 is the schematic
representation of the principle of the linear inverted pendulum model that the present
embodiment employs. As shown in Fig. 5, the model takes the ZMP of the movement of the
robot as a virtual supporting point and the center of mass 51 of the robot as the mass point of
the linear inverted pendulum model, the supporting foot 52 and the supporting foot 53 are the
two supporting feet of the robot in the two-leg-supporting periods, and the ZMP is the virtual
supporting point of the inverted pendulum and is located between the two supporting feet. The
characteristic of the inverted pendulum model is that the height of the center of mass remains
unchanged, and the bottom end of the swinging rod does not provide moment of force. That is,
in the mid-step phase, the height of the center of mass of the biped robot in the vertical
direction is not changed and is a predetermined value Hz.

[0024] The present embodiment firstly designs the movement trajectory of the ZMP in the two-
leg-supporting period, and then solves the movement trajectory of the center of mass. Such a
solution can not only ensure that the ZMP smoothly moves from the previous supporting foot to
the subsequent supporting foot, but also can ensure the continuity of the change of the speed
of the center of mass, thereby enhancing the stability of the walking movement of the robot.
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[0025] As shown in Fig. 5, the equations of movement of the center of mass in the X-axis
direction and the Y-axis direction in the two-leg-supporting period are:

X= i(x ~Xzp)
Hz Formula (1)

. g
== —Youw)
Hz Formula (2)

wherein, the xzyp in Formula (1) is the x-axis coordinate of the ZMP, the yzyp in Formula (2)
is the y-axis coordinate of the ZMP, Hz is the height of the center of mass in the mid-step
phase, and g is gravitational acceleration. In the one-leg-supporting periods of the biped robot,
the supporting foot is the position of the ZMP, then xzy;p=0, and yzy;p=0. The equations of

movement of the center of mass in the x-axis direction and the y-axis direction in the one-leg-
supporting period are:

s 0
¥=——x

Hz Formula (3)
y=Lty
Hz Formula (4)

[0026] In the two-leg-supporting period, the positions xzyp and yzyp of the ZMP are required

to be in advance reasonably designed within the supporting area that is formed by the two feet
of the robot, so that they can smoothly move within the supporting area. In addition, the a
constraint relation of the boundary condition between the two-leg-supporting period and the
one-leg-supporting period is well handled, that is, the boundaries between Formulas (1), (2)
and Formulas (3),(4) maintain continuous, to ensure that they can smoothly transit.

[0027] By using the above Formulas (1) to (4), the method can solve the trajectory of the
center of mass in the x-axis direction and the y-axis direction at the starting time moment in the
two-leg-supporting period in the mid-step phase, and can solve first numerical values X40),

X40), X40), YA0), Y40) and Y40) respectively corresponding to each of the gait controlling
parameters, namely position, speed and acceleration, at the starting time moment in the two-
leg-supporting period and can solve second numerical values Xs(0), X5(0), Xs(0), Ys(0), Ys(0)
and Yg(0) respectively corresponding to each of the gait controlling parameters, namely
position, speed and acceleration, at the starting time moment in the one-leg-supporting period
and then uses the acquired first numerical values and the second numerical values for the
controlling of the movement trajectory of the center of mass in the step starting phase and the
step ending phase.

() The controlling of the movement trajectory of the center of mass in the step starting
phase

[0028] The step starting phase is the transition phase between the static standing state when
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the two feet of the robot are parallel and close and the mid-step gait that has a steady
periodicity. The duration of this phase is set as T4. Afirst constraint condition that the center of

mass satisfies when the step starting phase ends comprises: a first forward direction constraint
condition (that is, the constraint condition in the x-axis direction), a first lateral direction
constraint condition (that is, the constraint condition in the y-axis direction) and a first vertical
direction constraint condition (that is, the constraint condition in the z-axis direction).

The controlling of the movement trajectory of the center of mass in the z-axis direction

[0029] In the step starting phase, because the robot is to accelerate from static state to the
walking speed, in order to reduce the energy consumption of the system, according to the law
of mechanical energy conservation, the embodiment of the present disclosure converts
potential energy into kinetic energy as far as possible by lowering the center of gravity of the
robot, so that the robot can enter the mid-step phase faster (that is, realizing the advantageous
effect of starting in one step). In the present embodiment, the method, according to the initial
speed of the center of mass when the mid-step phase starts that is expected to reach (here
the time when the mid-step phase starts refers to the starting time moment of the two-leg-
supporting period that closest links to the step starting phase), and the conversion relation
between kinetic energy and potential energy, calculate a height Hz of the center of mass in the
vertical direction of the biped robot when the step starting phase ends. Specially, the method
firstly estimates by the following Formula (5) the approximate distance Az by which the center
of gravity is to descend.

mghz = %m(vf - vl) Formula (5)
&
wherein, the initial speed vp=0 of the center of mass in the step starting phase, vq is the final

speed of the center of mass in the step starting phase, and is the initial speed of the center of
mass when the mid-step phase starts that is expected to reach (the numerical value can be set
according to the practical needs), m is the mass of the robot, and g is gravitational
acceleration.

[0030] Because in the mid-step phase the calculating of the movement trajectory of the center
of mass is performed by using the linear inverted pendulum model, in the mid-step phase the
height of the center of mass is required to be maintained unchanged, that is, equal to the
height Hz of the center of mass at the ending time moment in the step starting phase. The first
vertical direction constraint condition of the center of mass comprises: when the step starting
phase starts, the value of the position parameter is equal to the initial height of the center of
mass of the biped robot, the value of the speed parameter is equal to 0, and the value of the
acceleration parameter is equal to 0; and when the step starting phase ends, the value of the
position parameter is equal to the height Hz of the center of mass in the vertical direction when
the step starting phase ends, the value of the speed parameter is equal to 0, and the value of
the acceleration parameter is equal to 0. Therefore it can be known that, the first constraint
condition that the center of mass of the robot is required to satisfy in the z-axis direction at the
ending time moment in the step starting phase is as follows:
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Z200) = Iz,

20) =

Z0) = 0 Formula (6)
Z(T) = Hz

2 =0

) =0

wherein, Z(f) is the position of the center of mass in the z-axis direction, Z(f) is the speed of the
center of mass in the z-axis direction, Z(f) is the acceleration of the center of mass in the z-axis
direction, t is the time, Hzg is the initial height of the center of mass of the biped robot (that is,

the height when t is equal to 0), and Hz is the height of the center of mass at the ending time
moment (that is, when tis equal to T4) in the step starting phase.

[0031] It should be noted that, in Formula (6) the height Hz of the center of mass at the ending
time moment in the step starting phase can be determined from a difference value between
the initial height Hzgy of the center of mass and a descending distance Az, and can also be a

value whose difference from the difference value is no greater than a predetermined value.
That is, the specific numerical value of the Hz can be equal to the difference value that is
obtained by subtracting the Az from the Hzg, and can also be equal to a value that is near the

difference value, which is not limited, provided that a preferred value can be acquired to
ensure the stability of the walking. It can be understood that, the first numerical value of each
of the gait controlling parameters can take other numerical values that are near the numerical
value on the right side of each of the equations in Formula (6) and do not have too large
deviations.

[0032] The method, after obtaining the first constraint condition that the center of mass
satisfies in the z-axis direction at the ending time moment in the step starting phase, by using
polynomial interpolation, according to the first constraint condition, can obtain the trajectory
Z(t) of the center of mass in the z-axis direction as:

_ 2 3 4 3
L(t)=aytaftat” +at” +at” +ast Formula (7)

wherein, the ag to as are specific parameters, and by substituting the corresponding parameter
values in Formula (6) into Formula (7), it can obtain the trajectory of the center of mass in the
z-axis direction that varies with the time ¢ by calculating.

[0033] In practical applications, in order to calculate the trajectory of the center of mass in the
z-axis direction that varies with the time t, the method can firstly calculate the first-order
derivative in Formula (7), to obtain the speed of the center of mass in the z-axis direction as:
Z) = a + 2at + SaStQ‘ + 4514?/3 + 5515t4 Formula (7.1)
then, calculate the first-order derivative in Formula (7.1), to obtain the acceleration of the
center of mass in the z-axis direction as:

= _ o ¢ 2 ¥ 3

Z(t) = 2a, + 6at + 12a,t” + 20at Formula (7.2)

by individually substituting the corresponding parameter values in Formula (6) into Formula
(7), Formula (7.1) and Formula (7.2), obtain an equation set consisting of 6 equations, and by

solving the equation set, obtain the parameters aq, a4, a2, as, a4, and as, thereby realizing
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obtaining the trajectory of the center of mass in the z-axis direction that varies with the time ¢
by calculating by Formula (7).

The movement trajectory of the center of mass in the x-axis direction

[0034] In the x-axis direction, the first forward direction constraint condition that the center of
mass satisfies comprises: when the step starting phase starts, the value of the position
parameter, the value of the speed parameter and the value of the acceleration parameter are
all equal to 0; and when the step starting phase ends, the value of the position parameter is
equal to a first position parameter forward direction numerical value, the value of the speed
parameter is equal to a first speed parameter forward direction numerical value, and the value
of the acceleration parameter is equal to a first acceleration parameter forward direction
numerical value. That is, the position, speed and acceleration of the center of mass at the
initial time moment are all equal to 0. At the ending time moment in the step starting phase, the
center of mass is farthest deviated from the supporting point, and if it can be ensured that at
this very time the robot can still satisfy the stability condition (that is, the ZMP is within the
supporting area), the biped robot will be steady throughout the whole step starting phase.
Therefore, the embodiment of the present disclosure sets that the position, speed and
acceleration at the ending time moment in the step starting phase are the same as the initial
position, speed and acceleration in the two-leg-supporting period in the mid-step phase, to
ensure the smooth transition between the gait in the step starting phase and the gait of the
mid-step phase. Because the gait controlling by using the linear inverted pendulum model in
the mid-step phase satisfies the stability condition, it can be accordingly ensured that the step
starting phase also satisfies the stability condition. Therefore, it can be known that, the first
constraint condition that the center of mass is required to satisfy in the x-axis direction is as
follows:

X(0) =0

) =0

4(0) =0 Formula (8)
X(@) = x,(0)

x(@) = £,00)

xa@) = 1,0

wherein, X(0), X(0) and X{(0) are respectively the position, speed and acceleration of the center
of mass of the biped robot in the x-axis direction at the starting time moment in the step
starting phase, X(T4), X(T1) and X(T4) are respectively the position, speed and acceleration of
the center of mass of the biped robot in the x-axis direction at the ending time moment in the
step starting phase, and the values of the X(T4), X(T1) and X(T4) are the position X40), speed
X4(0) and acceleration X4(0) of the center of mass in the x-axis direction at the starting time
moment in the two-leg-supporting period that are obtained in the above mid-step phase by
calculating.

[0035] The method, after obtaining the first constraint condition that the center of mass
satisfies in the x-axis direction at the ending time moment in the step starting phase, by using
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polynomial interpolation, according to Formula (8), can obtain the trajectory X(t) of the center
of mass in the x-axis direction as:

_ 2 3 4 5
X(O) =by+bt+bt”+bt* +bt" +by Formula (9)

wherein, the bg to bg are specific parameters, and by substituting the corresponding parameter
values in Formula (8) into Formula (9), it can obtain the trajectory of the center of mass in the
x-axis direction that varies with the time t by calculating.

The movement trajectory of the center of mass in the y-axis direction

[0036] In the present embodiment, in order to facilitate the describing, the distance between
the two feet of the robot is set as W. The first lateral direction constraint condition that the
center of mass satisfies comprises: when the step starting phase starts, the value of the
position parameter is equal to a half of a distance between the two feet of the biped robot, the
value of the speed parameter is equal to 0, and the value of the acceleration parameter is
equal to 0; and when the step starting phase ends, the value of the position parameter is equal
to a first position parameter lateral direction numerical value, the value of the speed parameter
is equal to a first speed parameter lateral direction numerical value, and the value of the
acceleration parameter is equal to a first acceleration parameter lateral direction numerical
value. That is, at the initial time moment in the step starting phase, the center of mass is in an
intermediate position of the distance between the two feet, and the speed and the acceleration
are both equal to 0. At the ending time moment in the step starting phase, the center of mass
is farthest deviated from the supporting point, and the embodiment of the present disclosure
sets that the position, speed and acceleration in the y-axis direction at this time are the same
as the position, speed and acceleration when the two-leg-supporting period in the mid-step
phase starts, to ensure their smooth transition, and to ensure that the step starting phase also
satisfies the stability condition. Therefore, the first constraint condition that the center of mass
is required to satisfy in the y-axis direction is as follows:

o) =w/2

r) =0

F0) =0 Formula (10)
V(1) = 1,(0)

F(7) = F,00)

75y = 7,0

wherein, Y(0), Y(0) and Y(0) are respectively the position, speed and acceleration of the center
of mass at the initial time moment in the step starting phase, Y(T4), Y(T1) and Y(Tq) are
respectively the position, speed and acceleration of the center of mass of the biped robot in the
y-axis direction at the terminating time moment in the step starting phase, and the values of
the Y(T4) , Y(T1) and Y(T1) are the position Y4(0), speed Y40) and acceleration Y0) of the
center of mass in the y-axis direction when the two-leg-supporting period starts that are
obtained in the above mid-step phase by calculating.

[0037] The method, after obtaining the first constraint condition that the center of mass
satisfies in the y-axis direction at the ending time moment in the step starting phase, by using
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polynomial interpolation, according to the constraint condition in Formula (10), can obtain the
trajectory y(t) of the center of mass in the y-axis direction as:

A 2 3, .44 5
() =cytettod +ot’ el +est Formula (11)

wherein, the ¢ to ¢5 are specific parameters, and by substituting the corresponding parameter
values in Formula (10) into Formula (11), can obtain the trajectory of the center of mass in the
y-axis direction that varies with the time ¢ by calculating.

(Il) The controlling of the movement trajectory of the center of mass in the step ending
phase

[0038] The step ending phase refers to the process during which the robot, from the mid-step
gait that has a steady periodicity, gradually reduces the speed, till the robot returns the steady
static standing state. The duration of the phase is set as T74. The second constraint condition

that the center of mass is required to satisfy comprises: a second forward direction constraint
condition (that is, the constraint condition in the x-axis direction), a second lateral direction
constraint condition (that is, the constraint condition in the y-axis direction) and a second
vertical direction constraint condition (that is, the constraint condition in the z-axis direction).

The movement trajectory of the center of mass in the z-axis direction

[0039] In the step ending phase, in the z-axis direction, the second vertical direction constraint
condition of the center of mass comprises: when the step ending phase starts, the value of the
position parameter is equal to the height Hz in the vertical direction when the step starting
phase ends, the value of the speed parameter is equal to 0, and the value of the acceleration
parameter is equal to 0; and when the step ending phase ends, the value of the position
parameter is equal to the initial height of the center of mass of the biped robot, the value of the
speed parameter is equal to 0, and the value of the acceleration parameter is equal to 0.
Because the robot is to decelerate from the walking speed in the mid-step phase to 0, in order
to accelerate the step ending process, the directions of the energy conversion of the step
ending phase and the step starting phase are opposite, and according to the law of mechanical
energy conservation, the embodiment of the present disclosure, by lifting the center of gravity
of the robot, that is, lifting from the height Hz of the center of mass in the mid-step phase to the
height Hzg when the step starting phase starts, converts kinetic energy into potential energy as

far as possible, so that the robot enters the steady static state faster (that is, realizing the
advantageous effect of ending steps in one step).

[0040] In the z-axis direction, in order to realize the walking stability, the embodiment of the
present disclosure sets that the position, speed and acceleration at the initial time moment in
the step ending phase are the same as the position, speed and acceleration of the center of
mass at the ending time moment (that is, when the one-leg-supporting period starts) in the
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mid-step phase. Therefore, the method can obtain the second constraint condition that the
center of mass of the robot is required to satisfy in the z-axis direction at the starting time
moment in the step ending phase as follows:

Z0) = Zc

Z0) =0

Z00) =0 Formula (12)
Z(T) = Ze,

Z2(1)=0

2 =0

wherein, Z(0), Z(T4) and Z(T4) are respectively the position, speed and acceleration of the
center of mass in the z-axis direction at the initial time moment in the step ending phase, Z(T9),
Z(T1) and Z(T4) are respectively the position, speed and acceleration of the center of mass of

the biped robot in the z-axis direction at the terminating time moment in the step ending phase,
Zc is the height of the center of mass at the initial time moment in the step ending phase
(which can be equal to the height Hz of the center of mass in the mid-step phase), and Zcg is

the height of the center of mass of the biped robot in the step ending phase in the initial steady
standing state (which can be equal to the initial height Hzgy of the center of mass in the step

starting phase). It should be noted that, the second numerical value of each of the gait
controlling parameters can take other numerical values that are near the numerical value on
the right side of each of the equations in Formula (12) and do not have too large deviations,
and are not limited to the numerical values that are exemplified on the right side of each of the
equations in Formula (12).

[0041] The method, after obtaining the second constraint condition that the center of mass
satisfies in the z-axis direction at the starting time moment in the step ending phase, by using
polynomial interpolation, according to the constraint condition (12), can obtain the trajectory
Z(t) of the center of mass in the z-axis direction by:

— ! ' t 42 t43 v 44 [N
Ziy=a',+a' t+a' " +a'st +a' " +a'st Formula (13)

wherein, the a'yg to a's are specific parameters, and by substituting the corresponding
parameter values in Formula (12) into Formula (13), can obtain the trajectory of the center of
mass in the z-axis direction that varies with the time t by calculating.

The movement trajectory of the center of mass in the x-axis direction

[0042] In the x-axis direction, the second forward direction constraint condition of the center of
mass comprises: when the step ending phase starts, the value of the position parameter is
equal to a second position parameter forward direction numerical value, the value of the speed
parameter is equal to a second speed parameter forward direction numerical value, and the
value of the acceleration parameter is equal to a second acceleration parameter forward
direction numerical value; and when the step ending phase ends, the value of the position
parameter, the value of the speed parameter and the value of the acceleration parameter are
all equal to 0. The embodiment of the present disclosure sets that the position, speed and
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acceleration of the center of mass at the initial time moment in the step ending phase are
respectively the same as the position, speed and acceleration at the ending time moment in
the two-leg-supporting period in the mid-step phase, and according to symmetry and
continuity, that is, they are respectively the same as the position, speed and acceleration at the
starting time moment in the one-leg-supporting period in the mid-step phase, to ensure their
smooth transition, and to ensure that the step ending phase also satisfies the stability
condition. However, the position, speed and acceleration of the center of mass at the ending
time moment in the step ending phase are all equal to 0, to return the steady static standing
state. Therefore, it can be known that, the second constraint condition that the center of mass
satisfies at the starting time moment in the step ending phase is as follows:

X(0) = X.(0)

Xy = X.0)

)y = ¥ .0 Formula (14)
X)) =0

X =0

Iy =0

wherein, the values of the position X(0), speed X(0) and acceleration X(0) of the center of
mass at the starting time moment in the step ending phase are respectively the position Xg(0),

speed X,(0) and acceleration X(0) of the center of mass in the x-axis direction at the starting

time moment in the one-leg-supporting period that are obtained in the above mid-step phase
by calculating. At the terminating time moment in the step ending phase the position X(T) of

the center of mass is equal to 0, the speed X(T+) is equal to 0 and the acceleration X(T4) is
equal to 0.

[0043] The method, after obtaining the second constraint condition that the center of mass
satisfies in the x-axis direction at the starting time moment in the step ending phase, by using
polynomial interpolation, according to the constraint condition in Formula (14), can obtain the
trajectory X(t) of the center of mass in the x-axis direction as:

X()=b'y+b' t+b, P +b L +b" ' +b' Formula (15)

wherein, the b'g to b's are specific parameters, and by substituting the corresponding

parameter values in Formula (14) into Formula (15), can obtain the trajectory of the center of
mass in the x-axis direction that varies with the time t by calculating.

The movement trajectory of the center of mass in the y-axis direction

[0044] In the y-axis direction, the second lateral direction constraint condition of the center of
mass comprises: when the step ending phase starts, the value of the position parameter is
equal to a second position parameter lateral direction numerical value, the value of the speed
parameter is equal to a second speed parameter lateral direction numerical value, and the
value of the acceleration parameter is equal to a second acceleration parameter lateral
direction numerical value; and when the step ending phase ends, the value of the position
parameter is equal to a half of a distance between the two feet of the biped robot, and the
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value of the speed parameter and the value of the acceleration parameter are both equal to 0.
The present embodiment sets that the position, speed and acceleration of the center of mass
at the starting time moment in the step ending phase are respectively the same as the position,
speed and acceleration at the ending time moment in the two-leg-supporting period in the mid-
step phase, and according to symmetry and continuity, that is, they are respectively the same
as the position, speed and acceleration at the starting time moment in the one-leg-supporting
period in the mid-step phase, to ensure their smooth transition, and to ensure that the step
ending phase also satisfies the stability condition. At the terminating time moment in the step
ending phase the center of mass is located in the intermediate position of the distance
between the two feet, and the speed and the acceleration are both equal to 0, to return the
steady static standing state. Therefore, it can be known that, the second constraint condition
that the center of mass satisfies in the y-axis direction at the starting time moment in the step
ending phase is as follows:

7(0) = 1.(0)

7(0) = ¥.(0)

7(0) = ¥.(0) Formula (16)
) =w/2

) =10

) =0

wherein, the position Y(0), speed Y(0) and acceleration Y(0) of the center of mass at the
starting time moment in the step ending phase are respectively equal to the position Y4(0),

speed Y4(0) and acceleration Yg(0) of the center of mass in the y-axis direction at the starting

time moment in the one-leg-supporting period that are obtained in the above mid-step phase
by calculating.

[0045] The method, after obtaining the second constraint condition that the center of mass
satisfies in the y-axis direction at the starting time moment in the step ending phase, by using
polynomial interpolation, according to the constraint condition in Formula (16), can obtain the
trajectory y(t) of the center of mass in the y-axis direction as:

Y(f)y=c',tc' t+c'y 2 +e's £ +c' ' +e's Formula (17)
wherein, the c'p to ¢'s are specific parameters, and by substituting the corresponding
parameter values in Formula (16) into Formula (17), can obtain the trajectory of the center of
mass in the y-axis direction that varies with the time t by calculating.

[0046] By now, the movement trajectories of the center of mass of the biped robot in the mid-
step phase, the step starting phase and the step ending phase can be obtained.

[0047] It should be understood that, in the above embodiments, the method is illustratively
described by taking the example that the gait controlling parameters comprise position, speed
and acceleration; however, in other embodiments of the present disclosure, the gait controlling
parameters can comprise position and speed, and when the gait controlling parameters are
position and speed, the position parameter and the speed parameter both comprise three
direction components of a forward direction, a lateral direction and a vertical direction when the
biped robot is walking. The specific calculating processes can be seen in the relevant
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descriptions of the above embodiments, and will not be in detail described here.

[0048] Another embodiment of the present disclosure controls the movements of the joint
points on the two legs on the basis of the movement trajectory of the center of mass. In order
to further realize the stability of the walking of the biped robot, the method further comprises:
calculating, according to an expected movement height of ankle joints of the biped robot, the
movement trajectories of the ankle joints of the two legs in the step starting phase, the mid-
step phase and the step ending phase; by using the movement trajectories of the ankle joints,
calculating the expected angular trajectories of the ankle joints in each of the phases;
according to the structural position relations between the center of mass, the knee joints and
the ankle joints of the biped robot in each of the phases and the movement trajectories of the
center of mass and the ankle joints in each of the phases in walking, obtaining the movement
trajectories of the knee joints in each of the phases by calculating; and by using the movement
trajectories of the knee joints in the step starting phase, the mid-step phase and the step
ending phase, calculating the expected angular trajectories of the knee joints in each of the
phases.

[0049] During the process of the swinging of the swinging leg of the biped robot, the ankle joint
of the swinging leg must pass through three key points, namely, a starting point, a highest point
and a terminating point. According to the constraint conditions of the position, speed and
acceleration at the three points, similar to those described above, the method can solve the
movement trajectory of the ankle joint of the swinging leg by using polynomial interpolation.

[0050] Specifically, Fig. 6 is the forward direction schematic representation of the supporting
leg of a biped robot according to an embodiment of the present disclosure. Fig. 7 is the
forward direction schematic representation of the swinging leg of a biped robot according to an
embodiment of the present disclosure. As shown in Fig. 6 and Fig. 7, in the forward direction
plane (that is, the projection of the robot in the xoz plane in moving), L, represents the

distance between the center of mass of the biped robot and the hip joint, Ly represents the
distance between the hip joint and the knee joint, L represents the distance between the knee
joint and the ankle joint, and the Hj in Fig. 6 and the Hp¢ in Fig. 7 represent the distance

between the hip joint and the ankle joint. Those distances and the geometrical relations
between the hip joint, the knee joint and the ankle joint can be obtained in advance according
to the design structure of the robot. Therefore, according to the geometrical relations of the
supporting leg of the robot, and referring to the movement trajectory of the center of mass and
the movement trajectory of the ankle joint, the method obtains the joint angles of the
supporting leg: a joint angle 6, of the ankle joint, a joint angle 8, of the knee joint and a joint
angle 6, of the hip joint, and the trajectories of the varying with time of the angles. It can be

understood that, the a (that is, the angle between the connecting line connecting a hip joint and
an ankle joint and the y-axis), ag, ap, ax and az1, apq, Gkq in Fig. 6 and Fig. 7 are calculation-

assisting angles that are used in the intermediate calculating processes.

[0051] Fig. 8 is the lateral direction schematic representation of the two legs of a biped robot
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according to an embodiment of the present disclosure. Similarly, as shown in Fig. 8, in the
lateral direction plane (that is, the projection of the robot in the yoz plane in moving), the center
of mass (see the black solid circle shown in Fig. 8) is at a half of the distance between the two
feet of the biped robot W/2, the distance between the center of mass and the hip joint is z,

the distance between the hip joint and the ankle joint is z¢,, and the y-coordinate of the hip joint
relative to the supporting foot is yce. In order that the robot can steadily walk, the upper part of

the body should be kept vertical and the soles should be kept horizontal, so the above walking
in a plane can be simplified as an issue of one degree of freedom. The angles that are relevant
to the gaits are the rotational freedom (turning around the x-axis) of the ankle joints and the
rotational freedom of the hip joints. The two ankle joints have the same angles and directions,
and the two hip joints have the same angles themselves and the opposite directions to the
ankle joints. According to the geometrical relation of the legs, the movement trajectory of the
center of mass and the movement trajectory of the ankle joint, the method can obtain the joint
angles of the swinging leg: a joint angle 851 of the ankle joint, a joint angle 84 of the knee joint

and a joint angle 641 of the hip joint, and the trajectories of the varying with time of the angles.
It can be understood that, the angles @ and 8. in Fig. 8 are the left and right angles between

the connecting line connecting a hip joint and an ankle joint and the vertical direction when the
robot is walking, and are calculation-assisting angles.

[0052] Referring to Fig. 6 to Fig. 8, the calculating process of calculating, according to an
expected movement height of the ankle joint of the biped robot, the movement trajectory of the
ankle joint in the step starting phase, the mid-step phase and the step ending phase is:
presetting the expected movement height of the ankle joint (for example, Hy), wherein the

height is the highest point of the moving of the ankle joint, and the position, speed and
acceleration of the starting point of the ankle joint are all equal to 0, the position, speed and
acceleration of the terminating point are all equal to 0, and the position of the highest point is
Hy and its speed and acceleration are equal to O; calculating according to those numerical

values the constraint condition that the ankle joint satisfies; and according to the constraint
condition, by using polynomial interpolation, obtaining the movement trajectory of the ankle
joint from the starting point to the highest point and the movement trajectory from the highest
point to the terminating point by calculating. In the present embodiment, the method further
comprises, according to the movement trajectories of the center of mass and the ankle joint in
each of the phases in walking, obtaining the spatial positions where the center of mass and the
ankle joint locate at each of the time moments; according to the geometric position relation of
the center of mass and the hip joint of the robot, obtaining the spatial position of the hip joint;
according to the structural position relations between the hip joint, the knee joint and the ankle
joint of the biped robot, referring to structural parameters such as the lengths of the thighs and
the shanks and by using triangular geometrical relations, calculating and obtaining the position
and angle of the knee joint, further obtaining the movement trajectories of the knee joint in the
step starting phase, the mid-step phase and the step ending phase, and meanwhile obtaining
the expected angular trajectories of the knee joint in each of the phases.

[0053] It should be noted that, in an embodiment of the present disclosure, the joint angles of
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the ankle joint, the knee joint and the hip joint of the leg of the biped robot are calculated by
triangular geometrical relations, but in other embodiments of the present disclosure the above
calculating process can also be completed by using other calculating methods, provided that
the methods can calculate the expected angles of the leg joints and the hip joints of the biped
robot. Other calculating methods comprise, for example, inverse kinematics analysis. Inverse
kinematics is solving corresponding joint variables according to known location and position of
an end actuator. The prior art provides various calculating solutions (for example, analytic
method, geometric method, geometric analytic method and numerical method), and the prior
art solutions can realize obtaining the expected angular trajectory of the hip joint (that is, the
trajectory that varies with time of the joint angle of the hip joint) according to the movement
trajectory of the hip joint. The embodiment of the present disclosure exerts no limit to the
inverse kinematics analysis methods. Furthermore, how to solve the expected angular
trajectory is not the keynote of the embodiment of the present disclosure, and the specific
implementation can employ any solution of inverse kinematics analysis, which will not be in
detail described here. In addition, the present embodiment calculates the movement trajectory
of the center of mass and the respective movement trajectory of the hip joint and the ankle
joint by using polynomial interpolation, but in the technical solutions of the present disclosure
the calculating of the movement trajectories of the center of mass, the hip joint and the ankle
joint is not limited to polynomial interpolation as in the present embodiment. Other calculating
methods that can be implemented can also be employed. The method, after obtaining the
expected angular trajectories of the ankle joints, the knee joints and the hip joints of the two
legs of the biped robot by calculating, selects one or more of the hip joints, the ankle joints and
the knee joints as a controlling point; when the biped robot is walking, detects in real time the
turning angle of the controlling point (for example the ankle joint, the knee joint and the hip
joint), and performs self-adaptive tracking controlling on the detected turning angles of the hip
joints and the ankle joints by using the expected angular trajectories of the ankle joints, the
knee joints and the hip joints in each of the phases respectively, to realize a steady walking of
the biped robot.

[0054] Fig. 10 is the schematic representation of a structure for controlling the angles of the
joints of a biped robot according to an embodiment of the present disclosure. In Fig. 10, 84 is

the expected joint angle, 6, is the joint angle that is actually detected, k, is a proportionality
factor, kqis a differential coefficient, and 71 is the moment of rotation. As shown in Fig. 10, in the

present embodiment the method is illustratively described by taking the example of the hip
joints. The method, after obtaining the expected angles of the hip joints in each of the phases
of the walking of the robot, by using moment of force controlling, by directly taking the detected
turning angles of the hip joints as the feedback, obtains the difference between that feedback
and the joint turning angles (the expected angles) that are required by the gaits in each of the
above phases, controls by using a proportion integration differentiation PID controller or a
proportion differentiation PD controller, and outputs the input torque of the hip joints of the
biped robot, to thereby drive the movement of the hip joints of the robot, to achieve the aim of
steady walking. The solution of the embodiment of the present disclosure simplifies the
nonlinear coupling system of the biped robot into a linear multivariable decoupling system by
moment of force controlling. In specific implementing each of the joints of the biped robot can
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be controlled by an individual PID or PD controller, to realize the follow-up controlling on the
expected angles of each of the joints, to finally realize the steady operation of the robot
following the preset gaits.

[0055] It should be noted that, the detailed operating principles of the proportion integration
differentiation PID controller or the proportion differentiation PD controller can be seen in the
prior art, and will not be in detail described here.

[0056] In an embodiment of the present disclosure, in order that the gait of the biped robot is
more personified, and to improve the stability, the two arms of the robot are required to
cooperate with the legs by front-and-back swinging, and the swinging is required to be
symmetrical to the alternate swinging of the two legs. Therefore, the gait controlling method
further comprises: selecting angle controlling parameters of swingings of shoulder joints of the
biped robot: angular displacement, angular speed and angular acceleration; according to
angular displacement values, angular speed values and angular acceleration values that a
shoulder joint corresponding to the swinging leg is expected to reach at a starting time moment
and an terminating time moment of the swinging of a swinging leg of the biped robot in the
mid-step phase respectively, setting an angular constraint condition that the shoulder joint
corresponding to the swinging leg is required to satisfy; according to the angular constraint
condition and by using polynomial interpolation, calculating expected angular trajectory of the
swinging of the shoulder joint in the mid-step phase; by using an angular displacement value,
an angular speed value and an angular acceleration value that a shoulder joint corresponding
to the swinging leg is expected to reach at a starting time moment of the swinging of a
swinging leg of the biped robot in the mid-step phase, and, setting a first angular constraint
condition that the shoulder joint is required to satisfy in the step starting phase, and a second
angular constraint condition that the shoulder joint is required to satisfy in the step ending
phase; according to the first angular constraint condition and the second angular constraint
condition and by using polynomial interpolation, calculating the expected angular trajectory of
the swinging of the shoulder joint in the step starting phase and the expected angular trajectory
of the swinging of the shoulder joint in the step ending phase; and when the biped robot is
walking, detecting in real time a turning angle of the shoulder joint, and performing self-
adaptive tracking controlling on the detected turning angle of the shoulder joint by using the
expected angular trajectories of the shoulder joint in each of the phases. By that, the method
realizes the cooperation between the movements of the two arms and the legs when the biped
robot is steady walking, and the walking is more personified.

[0057] Fig. 9 is the schematic representation of the swinging angles of the shoulder joints of a
biped robot according to an embodiment of the present disclosure. Specifically, in one single
step period T=T4+T, of the mid-step phase, as shown in Fig. 9, assuming that the right leg is

the swinging leg, the right shoulder joint 91 reaches the maximum value and the minimum
value of the swinging angle respectively at the starting time moment and the terminating time
moment of the single step period, and the angular constraint condition can be obtained as:

80) = @,

60y = 0

Ainn ~ — 1 FA N
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b)) =u Formula (13)
or) = -6,

oy =0

9T =0

wherein, 6(0) is the angular displacement of the swinging of the right shoulder joint at the
starting time moment in the single step period in the mid-step phase, 8(0) represents the
angular speed, 6(0) represents the angular acceleration, 6(T) is the angular displacement of
the swinging of the right shoulder joint at the terminating time moment in the single step period
in the mid-step phase, 6(T) represents the angular speed, 8(7) represents the angular
acceleration, and wherein, 85 is the maximum value of the swinging angle that is expected to

reach, and -85« is the minimum value of the swinging angle that is expected to reach, wherein

the minus sign here represents the direction.

[0058] According to the angular constraint condition in Formula (18), the method can obtain
the expected angular trajectory of the swinging of the right shoulder joint in the mid-step phase
as:

Ot)=d, +dt+dt* +dt +dt* +dt’ Formula (19)

wherein the dg to dg5 in Formula (19) are parameters, and by substituting the corresponding
parameter values in Formula (18) into Formula (19), it can obtain the expected angular
trajectory by calculating.

[0059] Moreover, the angles of the swinging of the left shoulder joint are symmetrical with
those in the front-and-back direction.

[0060] Regarding the step starting phase, the initial values of the swinging angles of the
shoulder joints are equal to 0, and regarding the step ending phase, the end values of the
swinging angles of the shoulder joints are equal to 0; further, they are required to link with the
swinging angles in the mid-step gait. The method, after obtaining the first angular constraint
condition and the second angular constraint condition, similarly can obtain the expected
angular trajectories of the swinging angles of the shoulder joints in the step starting phase and
the step ending phase. Specially, at the terminating time moment in the step starting phase,
the first angular constraint condition that the swinging angle of the right shoulder joint satisfies
is:

a8[0)=0

8(0)=0

0(0)=0 Formula (20)

O(T) =0,

oI)=0

oy =0

[0061] According to the first angular constraint condition in Formula (20), the method can
obtain the expected angular trajectory of the swinging of the right shoulder joint in the step
starting phase as:

_ 2 3 4 5
Oty=e,+et+e,t” +et’ +e,t” +et Formula (21)
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and by substituting the parameter values in the first angular constraint condition in Formula
(20) into Formula (21), it can obtain the trajectory of the swinging angle of the right shoulder
joint in the step starting phase that varies with time.

[0062] At the starting time moment in the step ending phase, the second angular constraint
condition that the swinging angle of the right shoulder joint satisfies is:

0(0) =-0,
6(0)=0

6(0) =0 Formula (22)
aT)=0

oT)=0

T)=0

[0063] According to the second angular constraint condition in Formula (22), the method can
obtain the expected angular trajectory of the swinging of the right shoulder joint at the starting
time moment in the step ending phase as:

Q(f)zfo +f1t+f2t2 ‘|'f§£‘3 +f4t4+f:;f5 Formula (23)

[0064] Moreover, the angles of the swinging of the left shoulder joint are symmetrical with
those in the front-and-back direction. The specific calculating process can be seen in the
above description on the trajectory of the angle in the single step period in the mid-step phase,
and will not be in detail described here.

[0065] It can be known from the descriptions of the above embodiments that, regarding the
problem in the prior art that the step starting phase and the step ending phase have poor
walking stability, which easily causes the destabilization of the walking of the robot and affects
the walking of the robot, the embodiments of the present disclosure, after the biped robot
enters the mid-step gait, control the position of the center of mass of the robot by using the
linear inverted pendulum model (that is, solves the first numerical values and the second
numerical values of each of the gait controlling parameters), to increase the walking stability
and prevent the instability and the impact on the robot that are caused by the instant switching
of the supporting leg in the mid-step phase of the periodical walking. Subsequently, the
embodiments of the present disclosure, by using polynomial interpolation, determine the first
constraint condition that the center of mass satisfies in the step starting phase and the second
constraint condition that the center of mass satisfies in the step ending phase respectively
according to the first numerical values and the second numerical values corresponding to each
of the gait controlling parameters, thereby controlling both the moving trajectories of the center
of mass of the biped robot in the step starting phase and the step ending phase, and
controlling the walking of the biped robot, so that when the biped robot is walking the
movement trajectory of the center of mass satisfies each of the movement trajectories of the
center of mass in the step starting phase, the mid-step phase and the step ending phase, to
realize a steady walking of the biped robot. Further, the solutions, by using the kinetic energy
that is converted from the potential energy of the robot, realize entering the normal mid-step
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walking state in one step in the step starting phase, and, by converting kinetic energy into
potential energy, complete the step ending process in one step in the step ending phase, and
cause the step starting phase and the step ending phase to continuously link with the mid-step
gait, to satisfy the steady walking condition, and to realize the high-efficiency and steady
starting and ending of the walking process. The solutions, after obtaining the trajectories of the
center of mass in the step starting phase, the mid-step phase and the step ending phase,
calculate the joint turning angles of the hip joints, the knee joints and the ankle joints of the two
legs by the structural features of the robot and inverse kinematics analysis. Finally, the
solutions, by the controlling on each of the joint turning angles of the biped robot, further
ensure the stability of the center of mass in walking, and realize the walking stability of the
biped robot.

[0066] In another embodiment of the present disclosure, there is further provided a device for
controlling a gait of a biped robot, the device comprising:

a center of mass mid-step phase trajectory acquiring unit, for selecting gait controlling
parameters of the biped robot in a step starting phase, a mid-step phase and a step ending
phase, and acquiring a movement trajectory of a center of mass of the biped robot in the mid-
step phase when a zero moment point of the biped robot is located within a steady area; a
parameter value acquiring unit, for obtaining, according to the movement trajectory of the
center of mass in the mid-step phase, first numerical values of each of the gait controlling
parameters of the center of mass when the mid-step phase starts and second numerical
values of each of the gait controlling parameters of the center of mass when the mid-step
phase ends; a constraint condition setting unit, for setting a first constraint condition that the
center of mass is required to satisfy when the step starting phase ends by using the first
numerical values, and setting a second constraint condition that the center of mass is required
to satisfy when the step ending phase starts by using the second numerical values; a center of
mass step starting and step ending phase trajectory calculating unit, for calculating the
movement trajectories of the center of mass in the step starting phase and the step ending
phase on the basis of the first constraint condition and the second constraint condition,
respectively; and a center of mass trajectory controlling unit, for controlling a walking of the
biped robot, so that when the biped robot is walking, the movement trajectory of the center of
mass satisfies each of the movement trajectories of the center of mass in the step starting
phase, the mid-step phase and the step ending phase, to realize a steady walking of the biped
robot.

[0067] In an embodiment of the present disclosure, the center of mass trajectory controlling
unit comprises: an ankle joint trajectory calculating unit, a hip joint trajectory calculating unit, a
joint angle calculating unit and a joint angle controlling unit; the ankle joint trajectory calculating
unit is for calculating, according to an expected movement height of ankle joints of the biped
robot, the movement trajectories of the ankle joints of the two legs in the step starting phase,
the mid-step phase and the step ending phase; the hip joint trajectory calculating unit is for
calculating, according to the movement trajectories of the center of mass in each of the
phases, the movement trajectories of hip joints of the biped robot in the step starting phase,
the mid-step phase and the step ending phase; the joint angle calculating unit is for, by using
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the movement trajectories of the hip joints and the ankle joints in each of the phases, the
structural position relations of the legs of the biped robot and a leg length numerical value,
obtaining expected angular trajectories of the hip joints, the ankle joints and knee joints in each
of the phases by calculating; and the joint angle controlling unit is for selecting one or more of
the hip joints, the ankle joints and the knee joints as a controlling point(s); and when the biped
robot is walking, detecting in real time a turning angle of the controlling point, and performing
self-adaptive tracking controlling on the detected turning angle of the controlling point by using
the expected angular trajectories of the controlling point in each of the phases, so that when
the biped robot is walking the movement trajectory of the center of mass satisfies each of the
movement trajectories of the center of mass in the step starting phase, the mid-step phase and
the step ending phase.

[0068] In the present embodiment, each parameter of the gait controlling parameters
comprises three direction components of a forward direction, a lateral direction and a vertical
direction when the biped robot is walking; wherein, the gait controlling parameters comprise
position and speed, or the gait controling parameters comprise position, speed and
acceleration.

[0069] In an embodiment of the present disclosure, the center of mass mid-step phase
trajectory acquiring unit is specifically for that each parameter of the acquired gait controlling
parameters comprises three direction components of a forward direction, a lateral direction
and a vertical direction when the biped robot is walking; wherein, the gait controlling
parameters comprise position and speed, or the gait controlling parameters comprise position,
speed and acceleration.

[0070] In an embodiment of the present disclosure, the center of mass step starting and step
ending phase trajectory calculating unit is further for, according to an initial speed of the center
of mass when the mid-step phase starts that is expected to reach and a conversion relation
between kinetic energy and potential energy, calculating a height Hz of the center of mass in
the vertical direction of the biped robot when the step starting phase ends;

[0071] The movement trajectory of the center of mass of the biped robot in the mid-step phase
acquired by the center of mass mid-step phase trajectory acquiring unit satisfies the following
condition: the heights of the center of mass in the vertical direction when the mid-step phase
starts and when the mid-step phase ends are both Hz.

[0072] In an embodiment of the present disclosure, the parameter value acquiring module is
further for selecting angle controlling parameters of swingings of shoulder joints of the biped
robot: angular displacement, angular speed and angular acceleration;

the constraint condition setting unit is further for, according to angular displacement values,
angular speed values and angular acceleration values that a shoulder joint corresponding to
the swinging leg is expected to reach at a starting time moment and an terminating time
moment of the swinging of a swinging leg of the biped robot in the mid-step phase, setting an
angular constraint condition that the shoulder joint corresponding to the swinging leg is
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required to satisfy;

the center of mass step starting and step ending phase trajectory calculating unit is further for,
according to the angular constraint condition and by using polynomial interpolation, calculating
expected angular trajectory of the swinging of the shoulder joint in the mid-step phase,;

the constraint condition setting unit is further for, by using an angular displacement value, an
angular speed value and an angular acceleration value that a shoulder joint corresponding to
the swinging leg is expected to reach at a starting time moment of the swinging of a swinging
leg of the biped robot in the mid-step phase, setting a first angular constraint condition that the
shoulder joint is required to satisfy in the step starting phase, and a second angular constraint
condition that the shoulder joint is required to satisfy in the step ending phase;

the center of mass step starting and step ending phase trajectory calculating unit is further for,
according to the first angular constraint condition and the second angular constraint condition
and by using polynomial interpolation, calculating the expected angular trajectory of the
swinging of the shoulder joint in the step starting phase and the expected angular trajectory of
the swinging of the shoulder joint in the step ending phase; and

the center of mass trajectory controlling unit is further for, when the biped robot is walking,
detecting in real time a turning angle of the shoulder joint, and performing self-adaptive
tracking controlling on the detected turning angle of the shoulder joint by using the expected
angular trajectories of the shoulder joint in each of the phases, to realize a steady walking of
the biped robot.

[0073] In an embodiment of the present disclosure, when the gait controlling parameters that
the center of mass mid-step phase trajectory acquiring unit selects are position and speed, the
position parameter and the speed parameter both comprise three direction components of a
forward direction, a lateral direction and a vertical direction when the biped robot is walking;

the first constraint condition that the center of mass satisfies when the step starting phase ends
comprises: a first forward direction constraint condition, a first lateral direction constraint
condition and a first vertical direction constraint condition;

the first forward direction constraint condition comprises: when the step starting phase starts,
the value of the position parameter and the value of the speed parameter are both equal to 0;
and when the step starting phase ends, the value of the position parameter is equal to a first
position parameter forward direction numerical value, and the value of the speed parameter is
equal to a first speed parameter forward direction numerical value;

the first lateral direction constraint condition comprises: when the step starting phase starts,
the value of the position parameter is equal to a half of a distance between the two feet of the
biped robot, and the value of the speed parameter is equal to 0; and when the step starting
phase ends, the value of the position parameter is equal to a first position parameter lateral
direction numerical value, and the value of the speed parameter is equal to a first speed
parameter lateral direction numerical value; and

the first vertical direction constraint condition comprises: when the step starting phase starts,
the value of the position parameter is equal to the initial height of the center of mass of the
biped robot, and the value of the speed parameter is equal to 0; and when the step starting
phase ends, the value of the position parameter is equal to the height Hz of the center of mass
in the vertical direction when the step starting phase ends, and the value of the speed
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parameter is equal to 0; and

the second constraint condition comprises: a second forward direction constraint condition, a
second lateral direction constraint condition and a second vertical direction constraint
condition;

the second forward direction constraint condition comprises: when the step ending phase
starts, the value of the position parameter is equal to a second position parameter forward
direction numerical value, and the value of the speed parameter is equal to a second speed
parameter forward direction numerical value; and when the step ending phase ends, the value
of the position parameter and the value of the speed parameter are both equal to O;

the second lateral direction constraint condition comprises: when the step ending phase starts,
the value of the position parameter is equal to a second position parameter lateral direction
numerical value, and the value of the speed parameter is equal to a second speed parameter
lateral direction numerical value; and when the step ending phase ends, the value of the
position parameter is equal to a half of a distance between the two feet of the biped robot, and
the value of the speed parameter is equal to 0; and

the second vertical direction constraint condition comprises: when the step ending phase
starts, the value of the position parameter is equal to the height Hz in the vertical direction
when the step starting phase ends, and the value of the speed parameter is equal to 0; and
when the step ending phase ends, the value of the position parameter is equal to the initial
height of the center of mass of the biped robot, and the value of the speed parameter is equal
to 0; and

when the gait controlling parameters that the center of mass mid-step phase trajectory
acquiring unit selects are position, speed and acceleration, the position parameter, the speed
parameter and the acceleration parameter all comprises three direction components of a
forward direction, a lateral direction and a vertical direction when the biped robot is walking;

the first forward direction constraint condition comprises: when the step starting phase starts,
the value of the position parameter, the value of the speed parameter and the value of the
acceleration parameter are all equal to 0; and when the step starting phase ends, the value of
the position parameter is equal to a first position parameter forward direction numerical value,
the value of the speed parameter is equal to a first speed parameter forward direction
numerical value, and the value of the acceleration parameter is equal to a first acceleration
parameter forward direction numerical value;

the first lateral direction constraint condition comprises: when the step starting phase starts,
the value of the position parameter is a half of a distance between the two feet of the biped
robot, and the value of the speed parameter and the value of the acceleration parameter are
both equal to 0; and when the step starting phase ends, the value of the position parameter is
equal to a first position parameter lateral direction numerical value, the value of the speed
parameter is equal to a first speed parameter lateral direction numerical value, and the value
of the acceleration parameter is equal to a first acceleration parameter lateral direction
numerical value; and

the first vertical direction constraint condition comprises: when the step starting phase starts,
the value of the position parameter is equal to the initial height of the center of mass of the
biped robot, and the value of the speed parameter and the value of the acceleration parameter
are both equal to 0; and when the step starting phase ends, the value of the position
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parameter is equal to the height Hz of the center of mass in the vertical direction when the step
starting phase ends, and the value of the speed parameter and the value of the acceleration
parameter are both equal to 0; and

the second forward direction constraint condition comprises: when the step ending phase
starts, the value of the position parameter is equal to a second position parameter forward
direction numerical value, the value of the speed parameter is equal to a second speed
parameter forward direction numerical value, and the value of the acceleration parameter is
equal to a second acceleration parameter forward direction numerical value; and when the
step ending phase ends, the value of the position parameter, the value of the speed parameter
and the value of the acceleration parameter are all equal to 0;

the second lateral direction constraint condition comprises: when the step ending phase starts,
the value of the position parameter is equal to a second position parameter lateral direction
numerical value, the value of the speed parameter is equal to a second speed parameter
lateral direction numerical value, and the value of the acceleration parameter is equal to a
second acceleration parameter lateral direction numerical value; and when the step ending
phase ends, the value of the position parameter is equal to a half of a distance between the
two feet of the biped robot, and the value of the speed parameter and the value of the
acceleration parameter are both equal to 0; and

the second vertical direction constraint condition comprises: when the step ending phase
starts, the value of the position parameter is equal to the height Hz of the center of mass in the
vertical direction when the step starting phase ends, and the value of the speed parameter and
the value of the acceleration parameter are both equal to 0; and when the step ending phase
ends, the value of the position parameter is equal to the initial height of the center of mass of
the biped robot, and the value of the speed parameter and the value of the acceleration
parameter are both equal to 0.

[0074] It should be noted that, the device for controlling a gait of a biped robot of the present
embodiment is corresponding to the above method for controlling a gait of a biped robot.
Therefore, the working process of the gait controlling device of the present embodiment can be
seen in the corresponding descriptions of the above method, and will not be in detail described
here.

[0075] In conclusion, compared with prior technical solutions, the embodiments of the present
disclosure propose a method for controlling the step starting phase and the step ending phase
that is more effective, can start and end the normal walking process rapidly in one step, which
avoids the problem in the prior art that several phases are required to reach and end the
normal walking state. In addition, by reasonably linking with the trajectories in the mid-step
phase that are calculated by using the inverted pendulum model in terms of position, speed
and acceleration parameters, the step starting phase and the step ending phase are both also
ensured to satisfy the stability condition. In addition, in normal mid-step gait, the embodiments
of the present disclosure, by designing by the linear inverted pendulum model in the one-leg-
supporting period and the two-leg-supporting period, ensure that the robot satisfies the stability
condition in the two phases, and reduce the impact on the robot during the switching of the
supporting leg.
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Patentkrav

1. Fremgangsmade til at styre en gangart af en tobenet robot, hvor

fremgangsmaden omfatter:

10

15

20

25

30

at veelge gangartstyringsparametre af den tobenede robot i en
trinbegyndelsesfase, en trinmellemfase og en trinafslutningsfase, og at
erhverve en bevaegelsesbane af et tyngdepunkt af den tobenede robot i
trinmellemfasen nar et nulmomentpunkt af den tobenede robot er

lokaliseret inden for et stabilt omrade (Trin S11);

at opna, i henhold til bevaegelsesbanen af tyngdepunktet i trinmellemfasen,
fgrste talveerdier af hvert af gangartstyringsparametrene af tyngdepunktet
nar trinmellemfasen begynder og anden talvaerdier af hvert af
gangartstyringsparametrene af tyngdepunktet nar trinmellemfasen slutter
(Trin S12);

at indstille en fgrste begraensningsbetingelse, som tyngdepunktet kraeves
at opfylde, nar trinbegyndelsesfasen slutter ved anvendelse af de fgrste
talvaerdier, og at indstille en anden begraensningsbetingelse, som
tyngdepunktet kraeves at opfylde, nar trinafslutningsfasen begynder ved
anvendelse af de anden talveerdier (Trin S13);

at beregne bevaegelsesbanerne af tyngdepunktet i trinbegyndelsesfasen og
trinafslutningsfasen pa baggrund af henholdsvis den fgrste
begraensningsbetingelse og den anden begraensningsbetingelse (Trin S14);
og

at styre den tobenede robots gang, saledes at, nar den tobenede robot gar,
bevaegelsesbanen af tyngdepunktet opfylder hvert af bevaegelsesbanerne
af tyngdepunktet i trinbegyndelsesfasen, trinmellemfasen og
trinafslutningsfasen, for at realisere en stabil gang af den tobenede robot
(Trin S15); kendetegnet ved, at i trinmellemfasen forandres hgjden ikke
af tyngdepunktet af den tobenede robot i den vertikale retning, i
trinbegyndelsesfasen gges hgjden af tyngdepunktet af den tobenede robot i
den vertikale retning reduceres fra en hgjere hgjde til en lavere hgjde, og i
trinafslutningsfasen hgjden af tyngdepunktet af den tobenede robot i den

vertikale retning fra en lavere hgjde til en hgjere hgjde.
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2. Fremgangsmaden ifglge krav 1, kendetegnet ved, at i styringen af den
tobenede robots gang, styring udfgres saledes at, nar den tobenede robot gar,
bevaegelsesbanen af tyngdepunktet opfylder hvert af bevaegelsesbanerne af
tyngdepunktet i trinbegyndelsesfasen, trinmellemfasen og trinafslutningsfasen, og

styringen omfatter:

at beregne, i henhold til bevaegelsesbanerne af tyngdepunktet i hver af
faserne, bevaegelsesbanerne af hofteled af den tobenede robot i
trinbegyndelsesfasen, trinmellemfasen og trinafslutningsfasen;

at beregne, i henhold til en forventet bevaegelseshgjde af ankelled af den
tobenede robot, bevaegelsesbanerne af ankelleddene af de to ben i
trinbegyndelsesfasen, trinmellemfasen og trinafslutningsfasen;

ved anvendelse af bevaegelsesbanerne af hofteleddene og ankelleddene i
hver af faserne, de strukturelle positionsforbindelser af benene af den
tobenede robot og en talvaerdi for benlaengden, at opnd forventede
vinkelbaner tilsvarende hofteleddene, ankelleddene og knaleddene i hver
af faserne ved beregning;

at veelge et eller flere af hofteleddene, ankelleddene og knaleddene som et
styringspunkt(er); og

nar den tobenede robot gar, at detektere i realtid en drejningsvinkel af
styringspunktet, og at udfgre selvtilpassende sporingsstyring pa den
detekterede drejningsvinkel af styringspunktet ved anvendelse af de
forventede vinkelbaner af styringspunktet i hver af faserne, saledes at, nar
den tobenede robot gar, bevaegelsesbanen af tyngdepunktet opfylder hver
af beveegelsesbanerne af tyngdepunktet i trinbegyndelsesfasen,

trinmellemfasen og trinafslutningsfasen.

3. Fremgangsmaden ifglge krav 1, kendetegnet ved, at hvert parameter af
gangartstyringsparametrene omfatter tre retningskomponenter af en
fremadretning, en lateral retning og en vertikal retning nar den tobenede robot
gar; og

hvor, gangartstyringsparametrene omfatter position og hastighed, eller
gangartstyringsparametrene omfatter position, hastighed og acceleration.
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4. Fremgangsmaden ifglge krav 3, kendetegnet ved, at fremgangsmaden
yderligere omfatter: i henhold til en begyndelseshastighed af tyngdepunktet nar
trinmellemfasen begynder som forventes at nds og et omdannelsesforhold mellem
kinetisk energi og potentialenergi, at beregne en hgjde Hz af tyngdepunktet i den
vertikale retning af den tobenede robot nar trinbegyndelsesfasen slutter; hvor den
erhvervede bevaegelsesbane af tyngdepunktet af den tobenede robot i
trinmellemfasen opfylder den fglgende betingelse: hgjderne af tyngdepunktet i
den vertikale retning, nar trinmellemfasen begynder, og nar trinmellemfasen

slutter, er begge Hz.

5. Fremgangsmaden ifglge krav 4, kendetegnet ved, at det i henhold til en
begyndelseshastighed af tyngdepunktet nar trinmellemfasen begynder som
forventes at nds og et omdannelsesforhold mellem kinetisk energi og
potentialenergi, at beregne en hgjde Hz af tyngdepunktet i den vertikale retning
af den tobenede robot nar trinbegyndelsesfasen slutter omfatter:

at beregne en afstand Az med hvilken tyngdepunktet er faldet, nar

trinbegyndelsesfasen slutter med den fglgende formel:

mgAz = %m(vl2 —v;) .

»

hvor, v1 er begyndelseshastigheden af tyngdepunktet, nar trinmellemfasen
begynder, som forventes at nds, vO er hastigheden ved et
begyndelsestidsmoment i trinbegyndelsesfasen, m er en masse af den
tobenede robot, og g er tyngdekraftsacceleration; og

at opna hgjden Hz af tyngdepunktet i den vertikale retning, nar
trinbegyndelsesfasen slutter, fra differensvaerdien mellem
begyndelseshgjden af tyngdepunktet i den vertikale retning og Az.

6. Fremgangsmaden ifglge krav 4, kendetegnet ved, at:

nar gangartstyringsparametrene er position og hastighed,
positionsparameteret og hastighedsparameteret begge omfatter tre
retningskomponenter af en fremadretning, en lateral retning og en vertikal

retning nar den tobenede robot gar;
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den fgrste begraensningsbetingelse som tyngdepunktet opfylder, nar
trinbegyndelsesfasen slutter, omfatter: en fgrste
fremadretningsbegraansningsbetingelse, en fgrste lateral
retningsbegraensningsbetingelse og en farste vertikal
retningsbegraensningsbetingelse;

den fgrste fremadretningsbegraensningsbetingelse omfatter: nar
trinbegyndelsesfasen begynder, vaerdien af positionsparameteret og
veerdien af hastighedsparameteret er begge lig med 0; og nar
trinbegyndelsesfasen slutter, veerdien af positionsparameteret er lig med
en fgrste positionsparameter-fremadretningstalveerdi, og veerdien af
hastighedsparameteret er lig med en hastighedsparameter-

fremadretningstalveaerdi;

den fgrste laterale retningsbegraensningsbetingelse omfatter: nar
trinbegyndelsesfasen begynder, veerdien af positionsparameteret er lig med
en halv af en afstand mellem de to fgdder af den tobenede robot, og
veerdien af hastighedsparameteret er lig med 0; og nar
trinbegyndelsesfasen slutter, veerdien af positionsparameteret er lig med
en positionsparameter-lateral-retningstalveerdi, og vaerdien af
hastighedsparameteret er lig med en hastighedsparameter-lateral-

retningstalveerdi;

den fgrste vertikale retningsbegraensningsbetingelse omfatter: nar
trinbegyndelsesfasen begynder, veerdien af positionsparameteret er lig med
begyndelseshgjden af tyngdepunktet af den tobenede robot, og veerdien af
hastighedsparameteret er lig med 0; og nér trinbegyndelsesfasen slutter,
veerdien af positionsparameteret er lig med hgjden Hz af tyngdepunktet i
den vertikale retning nar trinbegyndelsesfasen slutter, og veerdien af
hastighedsparameteret er lig med 0;

den anden begransningsbetingelse omfatter: en anden
fremadretningsbegraensningsbetingelse, en anden lateral
retningsbegraensningsbetingelse og en anden vertikal
retningsbegraensningsbetingelse;

den anden fremadretningsbegraensningsbetingelse omfatter: nar

trinafslutningsfasen begynder, vaerdien af positionsparameteret er lig med
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en anden positionsparameter-fremadretningstalveerdi, og veerdien af
hastighedsparameteret er lig med en anden hastighedsparameter-
fremadretningstalvaerdi; og nar trinafslutningsfasen slutter, vaerdien af
positionsparameteret og vaerdien af hastighedsparameteret er begge lig
med O;

den anden laterale retningsbegraensningsbetingelse omfatter: nar
trinafslutningsfasen begynder, vaerdien af positionsparameteret er lig med
en anden positionsparameter-lateral-retningstalvaerdi, og vaerdien af
hastighedsparameteret er lig med en anden hastighedsparameter-lateral-
retningstalveerdi; og nar trinafslutningsfasen slutter, vaerdien af
positionsparameteret er lig med en halv af en afstand mellem de to fadder
af den tobenede robot, og veerdien af hastighedsparameteret er lig med 0;

den anden vertikale retningsbegraensningsbetingelse omfatter: nar
trinafslutningsfasen begynder, vaerdien af positionsparameteret er lig med
hgjden Hz i den vertikale retning nar trinbegyndelsesfasen slutter, og
vaerdien af hastighedsparameteret er lig med 0; og ndr trinafslutningsfasen
slutter, veaerdien af positionsparameteret er lig med begyndelseshgjden af
tyngdepunktet af den tobenede robot, og vaerdien af
hastighedsparameteret er lig med 0;

nar gangartstyringsparametrene omfatter position, hastighed og
acceleration, positionsparameteret, hastighedsparameteret og
accelerationsparameteret alle omfatter tre retningskomponenter af en
fremadretning, en lateral retning og en vertikal retning nar den tobenede
robot gar;

den fgrste fremadretningsbegraensningsbetingelse omfatter: nar
trinbegyndelsesfasen begynder, veerdien af positionsparameteret, vaerdien
af hastighedsparameteret og veerdien af accelerationsparameteret er alle
lig med 0; og nar trinbegyndelsesfasen slutter, veerdien af
positionsparameteret er lig med en fgrste positionsparameter-
fremadretningstalvaerdi, vaerdien af hastighedsparameteret er lig med en
hastighedsparameter-fremadretningstalvaerdi, og vaerdien af
accelerationsparameteret er lig med en accelerationsparameter-

fremadretningstalveaerdi;
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den fgrste laterale retningsbegraensningsbetingelse omfatter: nar
trinbegyndelsesfasen begynder, veerdien af positionsparameteret er en halv
af en afstand mellem de to fgdder af den tobenede robot, og veerdien af
hastighedsparameteret og vaerdien af accelerationsparameteret er begge
lig med 0; og nar trinbegyndelsesfasen slutter, veerdien af
positionsparameteret er lig med en positionsparameter-lateral-
retningstalveerdi, veerdien af hastighedsparameteret er lig med en
hastighedsparameter-lateral-retningstalvaerdi, og vaerdien af
accelerationsparameteret er lig med en accelerationsparameter-lateral-

retningstalveerdi;

den fgrste vertikale retningsbegraensningsbetingelse omfatter: nar
trinbegyndelsesfasen begynder, veerdien af positionsparameteret er lig med
begyndelseshgjden af tyngdepunktet af den tobenede robot, og veerdien af
hastighedsparameteret og vaerdien af accelerationsparameteret er begge
lig med 0; og nar trinbegyndelsesfasen slutter, veerdien af
positionsparameteret er lig med hgjden Hz af tyngdepunktet i den vertikale
retning nar trinbegyndelsesfasen slutter, og veerdien af
hastighedsparameteret og vaerdien af accelerationsparameteret er begge
lig med O;

den anden fremadretningsbegraensningsbetingelse omfatter: nar
trinafslutningsfasen begynder, vaerdien af positionsparameteret er lig med
en anden positionsparameter-fremadretningstalveerdi, veerdien af
hastighedsparameteret er lig med en anden hastighedsparameter-
fremadretningstalvaerdi, og vaerdien af accelerationsparameteret er lig med
en anden accelerationsparameter-fremadretningstalvaerdi; og nar
trinafslutningsfasen slutter, vaerdien af positionsparameteret, veerdien af
hastighedsparameteret og vaerdien af accelerationsparameteret er alle lig
med O;

den anden laterale retningsbegraensningsbetingelse omfatter: nar
trinafslutningsfasen begynder, vaerdien af positionsparameteret er lig med
en anden positionsparameter-lateral-retningstalvaardi, vaerdien af
hastighedsparameteret er lig med en anden hastighedsparameter-lateral-
retningstalvaerdi, og veerdien af accelerationsparameteret er lig med en

anden accelerationsparameter-lateral-retningstalvaerdi; og nar
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trinafslutningsfasen slutter, vaerdien af positionsparameteret er lig med en
halv af en afstand mellem de to fgdder af den tobenede robot, og vaerdien
af hastighedsparameteret og veerdien af accelerationsparameteret er begge
lig med 0; og

den anden vertikale retningsbegraensningsbetingelse omfatter: nar
trinafslutningsfasen begynder, vaerdien af positionsparameteret er lig med
hgjden Hz af tyngdepunktet i den vertikale retning nar
trinbegyndelsesfasen slutter, og vaerdien af hastighedsparameteret og
veerdien af accelerationsparameteret er begge lig med 0; og nar
trinafslutningsfasen slutter, vaerdien af positionsparameteret er lig med
begyndelseshgjden af tyngdepunktet af den tobenede robot, og veerdien af
hastighedsparameteret og vaerdien af accelerationsparameteret er begge
lig med 0.

7. Fremgangsmaden ifglge krav 1, kendetegnet ved, at det at beregne
bevaegelsesbanerne af tyngdepunktet i trinbegyndelsesfasen og
trinafslutningsfasen pa baggrund af henholdsvis den fgrste
begraensningsbetingelse og den anden begraensningsbetingelse omfatter: i
henhold til den farste begraensningsbetingelse som tyngdepunktet opfylder nar
trinbegyndelsesfasen slutter, at beregne bevaegelsesbanen af tyngdepunktet i
trinbegyndelsesfasen ved anvendelse af flerleddet interpolation; og

i henhold til den anden begraensningsbetingelse som tyngdepunktet opfylder nar
trinafslutningsfasen begynder, at beregne bevaegelsesbanen af tyngdepunktet i
trinafslutningsfasen ved anvendelse af flerleddet interpolation.

8. Fremgangsmaden ifglge krav 2, kendetegnet ved, at fremgangsmaden
yderligere omfatter:

at veelge vinkelstyringsparametre til svingning af skulderled af den
tobenede robot: vinkelforskydning, vinkelhastighed og vinkelacceleration;

i henhold til vinkelforskydningsveerdier, vinkelhastighedsvaerdier og
vinkelaccelerationsveaerdier som et skulderled tilsvarende det svingende ben
forventes at nd pa henholdsvis et begyndelsestidsmoment og et
afslutningstidsmoment af svingningen af et svingende ben af den tobenede
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robot i trinmellemfasen, at indstille en vinkelbegraensningsbetingelse som
skulderleddet tilsvarende det svingende ben kraeves at opfylde;

i henhold til vinkelbegraensningsbetingelsen og ved anvendelse af flerleddet
interpolation, at beregne forventet vinkelbane af svingningen af

skulderleddet i trinmellemfasen;

ved anvendelse af en vinkelforskydningsvaerdi, en vinkelhastighedsveaerdi
og en vinkelaccelerationsvaerdi som et skulderled tilsvarende det svingende
ben forventes at nd pa et begyndelsestidsmoment af svingningen af et
svingende ben af den tobenede robot i trinmellemfasen, at indstille en
fgrste vinkelbegraensningsbetingelse som skulderleddet kraeves at opfylde i
trinbegyndelsesfasen, og en anden vinkelbegraensningsbetingelse som

skulderleddet kraeves at opfylde i trinafslutningsfasen;

i henhold til den fgrste vinkelbegraensningsbetingelse og den anden
vinkelbegraensningsbetingelse og ved anvendelse af flerleddet
interpolation, at beregne den forventede vinkelbane af svingningen af
skulderleddet i trinbegyndelsesfasen og den forventede vinkelbane af

svingningen af skulderleddet i trinafslutningsfasen; og

nar den tobenede robot gar, at detektere i realtid en drejningsvinkel af
skulderleddet, og at udfgre selvtilpassende sporingsstyring pa den
detekterede drejningsvinkel af skulderleddet ved anvendelse af de
forventede vinkelbaner af skulderleddet i hver af faserne, for at realisere en

stabil gang af den tobenede robot.

9. Fremgangsmaden ifglge krav 2, kendetegnet ved, at udfgrelsen af
selvtilpassende sporingsstyring pa den detekterede drejningsvinkel af
styringspunktet ved anvendelse af de forventede vinkelbaner af styringspunktet i
hver af faserne omfatter: at opna en differensvardi mellem drejningsvinklen af
hvert styringspunkt, der rent faktisk detekteres, nar robotten gar og en forventet
vinkel tilsvarende leddet, at indleese differensvaerdien i en
proportionsintegrationsdifferentiation-vinkelstyring eller en
proportionsdifferentiation-vinkelstyring til at udfgre selvtilpassende

sporingsstyring, og at opna et indgangsmoment af hvert af leddene, til at drive
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bevaegelserne af hvert af leddene af robotten ved anvendelse af

indgangsmomentet.

10. Indretning til at styre en gangart af en tobenet robot, omfattende:

10

15

20

25

30

en trinmellemfase tyngdepunktbaneerhvervelsesenhed, til at vaelge
gangartstyringsparametre af den tobenede robot i en trinbegyndelsesfase,
en trinmellemfase og en trinafslutningsfase, og at erhverve en
bevaegelsesbane af et tyngdepunkt af den tobenede robot i trinmellemfasen
nar et nulmomentpunkt af den tobenede robot er lokaliseret inden for et
stabilt omrade;

en parametervardierhvervelsesenhed, til at opna, i henhold til
bevaegelsesbanen af tyngdepunktet i trinmellemfasen, fgrste talveerdier af
hvert af gangartstyringsparametrene af tyngdepunktet nar trinmellemfasen
begynder og anden talvaerdier af hvert af gangartstyringsparametrene af
tyngdepunktet nar trinmellemfasen slutter;

en begraensningsbetingelsesindstillingsenhed, til at indstille en fgrste
begraensningsbetingelse som tyngdepunktet kraeves at opfylde nar
trinbegyndelsesfasen slutter ved anvendelse af de fgrste talveerdier, og at
indstille en anden begraensningsbetingelse som tyngdepunktet kraeves at
opfylde nar trinafslutningsfasen begynder ved anvendelse af de anden

talveerdier;

en tyngdepunkttrinbegyndelses- og trinafslutningsfase
baneberegningsenhed, til at beregne bevagelsesbanerne af tyngdepunktet
i trinbegyndelsesfasen og trinafslutningsfasen pa baggrund af henholdsvis
den fgrste begraensningsbetingelse og den anden begraensningsbetingelse;

og

et tyngdepunktbanestyringsenhed, til at styre den tobenede robots gang,
saledes at nar den tobenede robot gar, bevaegelsesbanen af tyngdepunktet
opfylder hver af bevaegelsesbanerne af tyngdepunktet i
trinbegyndelsesfasen, trinmellemfasen og trinafslutningsfasen, for at
realisere en stabil gang af den tobenede robot; kendetegnet ved, at i
trinmellemfasen hgjden af tyngdepunktet af den tobenede robot i den
vertikale retning ikke forandres, i trinbegyndelsesfasen hgjden af
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tyngdepunktet af den tobenede robot i den vertikale retning reduceres fra
en hgjere hgjde til en lavere hgjde, og i trinafslutningsfasen hgjden af
tyngdepunktet af den tobenede robot i den vertikale retning gges fra en
lavere hgjde til en hgjere hgjde.

11. Indretningen ifglge krav 10, kendetegnet ved, at
tyngdepunktsbanestyringsenheden omfatter: et ankelledsbaneberegningsmodul,
et hofteledsbaneberegningsmodul, et ledvinkelberegningsmodul og et
ledvinkelstyringsmodul;

ankelledsbaneberegningsmodulet er til at beregne, i henhold til en forventet
bevaegelseshgjde af ankelled af den tobenede robot, bevaegelsesbanerne af
ankelleddene af de to ben i trinbegyndelsesfasen, trinmellemfasen og
trinafslutningsfasen; hofteledsbaneberegningsmodulet er til at beregne, i henhold
til beveegelsesbanerne af tyngdepunktet i hver af fasen, bevaegelsesbanerne af
hofteled af den tobenede robot i trinbegyndelsesfasen, trinmellemfasen og
trinafslutningsfasen; ledvinkelberegningsmodulet er til, ved anvendelse af
bevaegelsesbanerne af hofteleddene og ankelleddene i hver af faserne, de
strukturelle positionsforbindelser af benene af den tobenede robot og en talvaerdi
for benlaangden, at opna forventede vinkelbaner af hofteleddene, ankelleddene og
kneeleddene i hver af faserne ved beregning; og ledvinkelstyringsmodulet er til at
veelge et eller flere af hofteleddene, ankelleddene og knzeleddene som et
styringspunkt(er); og nar den tobenede robot gar, at detektere i realtid en
drejningsvinkel af styringspunktet, og at udfgre selvtilpassende sporingsstyring pa
den detekterede drejningsvinkel af styringspunktet ved anvendelse af de
forventede vinkelbaner af styringspunktet i hver af faserne, saledes at nar den
tobenede robot gar, bevaegelsesbanen af tyngdepunktet opfylder hvert af
bevaegelsesbanerne af tyngdepunktet i trinbegyndelsesfasen, trinmellemfasen og

trinafslutningsfasen.

12. Indretningen ifglge krav 10, kendetegnet ved, at
tyngdepunktstrinmellemfase-baneerhvervelsesenheden er til at hvert parameter
af de erhvervede gangartstyringsparametre omfatter tre retningskomponenter af
en fremadretning, en lateral retning og en vertikal retning nar den tobenede robot
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gar; hvor, gangartstyringsparametrene omfatter position og hastighed, eller
gangartstyringsparametrene omfatter position, hastighed og acceleration.

13. Indretningen ifglge krav 12, kendetegnet ved, at
tyngdepunktstrinbegyndelses- og trinafslutningsfase-baneberegningsenheden er
yderligere til, i henhold til en begyndelseshastighed af tyngdepunktet, nar
trinmellemfasen begynder, som forventes at nas og et omdannelsesforhold
mellem kinetisk energi og potentialenergi, at beregne en hgjde Hz af
tyngdepunktet i den vertikale retning af den tobenede robot nar
trinbegyndelsesfasen slutter; og bevaegelsesbanen af tyngdepunktet af den
tobenede robot i trinmellemfasen erhvervet af tyngdepunktstrinmellemfase-
baneerhvervelsesenheden opfylder den fglgende betingelse: hgjderne af
tyngdepunktet i den vertikale retning nar trinmellemfasen begynder og nar
trinmellemfasen slutter er begge Hz.

14. Indretningen ifglge krav 11, kendetegnet ved, at
parametervaerdierhvervelsesmodulet er yderligere til at vaelge
vinkelstyringsparametre til svingning af skulderled af den tobenede robot:
vinkelforskydning, vinkelhastighed og vinkelacceleration;
begraensningsbetingelsesindstillingsenheden er yderligere til, i henhold til
vinkelforskydningsvaerdier, vinkelhastighedsvaerdier og vinkelaccelerationsvaerdier
som et skulderled tilsvarende det svingende ben forventes at na pa et
begyndelsestidsmoment og et afslutningstidsmoment af svingningen af et
svingende ben af den tobenede robot i trinmellemfasen, at indstille en
vinkelbegraensningsbetingelse som skulderleddet tilsvarende det svingende ben
kreeves at opfylde;

tyngdepunktstrinbegyndelses- og trinafslutningsfase-baneberegningsenheden er
yderligere for, i henhold til vinkelbegraensningsbetingelsen og ved anvendelse af
flerleddet interpolation, at beregne forventet vinkelbane af svingningen af
skulderleddet i trinmellemfasen;

begraensningsbetingelsesindstillingsenheden er yderligere til, ved anvendelse af
en vinkelforskydningsvaerdi, en vinkelhastighedsveerdi og en
vinkelaccelerationsveaerdi som et skulderled tilsvarende det svingende ben
forventes at nd pa et begyndelsestidsmoment af svingningen af et svingende ben
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af den tobenede robot i trinmellemfasen, at indstille en fgrste
vinkelbegraensningsbetingelse som skulderleddet kraeves at opfylde i
trinbegyndelsesfasen, og en anden vinkelbegransningsbetingelse som
skulderleddet kraeves at opfylde i trinafslutningsfasen;
tyngdepunktstrinbegyndelses- og trinafslutningsfase-baneberegningsenheden er
yderligere til, i henhold til den fgrste vinkelbegraensningsbetingelse og den anden
vinkelbegraensningsbetingelse og ved anvendelse af flerleddet interpolation, at
beregne den forventede vinkelbane af svingningen af skulderleddet i
trinbegyndelsesfasen og den forventede vinkelbane af svingningen af
skulderleddet i trinafslutningsfasen; og

tyngdepunktsbanestyringsenheden er yderligere til, ndr den tobenede robot gar,
at detektere i realtid en drejningsvinkel af skulderleddet, og at udfagre
selvtilpassende sporingsstyring pa den detekterede drejningsvinkel af
skulderleddet ved anvendelse af de forventede vinkelbaner af skulderleddet i hver
af faserne, for at realisere en stabil gang af den tobenede robot.

15. Indretningen ifglge krav 14, kendetegnet ved, at nar
gangartstyringsparametrene som tyngdepunktstrinmellemfase-
baneerhvervelsesenheden veelger er position og hastighed, positionsparameteret
og hastighedsparameteret begge omfatter tre retningskomponenter af en
fremadretning, en lateral retning og en vertikal retning nar den tobenede robot
gar;

den fgrste begraensningsbetingelse som tyngdepunktet opfylder nar
trinbegyndelsesfasen slutter omfatter: en fgrste
fremadretningsbegraansningsbetingelse, en fgrste lateral
retningsbegraensningsbetingelse og en farste vertikal
retningsbegraensningsbetingelse;

den fgrste fremadretningsbegraensningsbetingelse omfatter: nar
trinbegyndelsesfasen begynder, vaerdien af positionsparameteret og veerdien af
hastighedsparameteret er begge lig med 0; og nar trinbegyndelsesfasen slutter,
veerdien af positionsparameteret er lig med en fgrste positionsparameter-
fremadretningstalvaerdi, og vaerdien af hastighedsparameteret er lig med en
hastighedsparameter-fremadretningstalveerdi;

den fgrste laterale retningsbegraensningsbetingelse omfatter: nar
trinbegyndelsesfasen begynder, veerdien af positionsparameteret er lig med en
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halv af en afstand mellem de to fgdder af den tobenede robot, og vaerdien af
hastighedsparameteret er lig med 0, og nar trinbegyndelsesfasen slutter, vaerdien
af positionsparameteret er lig med en positionsparameter-lateral-retningstalveerdi,
og veerdien af hastighedsparameteret er lig med en hastighedsparameter-lateral-
retningstalveerdi;

den fgrste vertikale retningsbegraensningsbetingelse omfatter: nar
trinbegyndelsesfasen begynder, veerdien af positionsparameteret er lig med
begyndelseshgjden af tyngdepunktet af den tobenede robot, og veerdien af
hastighedsparameteret er lig med 0, og nar trinbegyndelsesfasen slutter, vaerdien
af positionsparameteret er lig med hgjden Hz af tyngdepunktet i den vertikale
retning nar trinbegyndelsesfasen slutter, og vaerdien af hastighedsparameteret er
lig med O;

den anden begraansningsbetingelse omfatter: en anden
fremadretningsbegraensningsbetingelse, en anden lateral
retningsbegraensningsbetingelse og en anden vertikal
retningsbegraensningsbetingelse;

den anden fremadretningsbegraensningsbetingelse omfatter: nar
trinafslutningsfasen begynder, vaerdien af positionsparameteret er lig med en
anden positionsparameter-fremadretningstalvaerdi, og veerdien af
hastighedsparameteret er lig med en anden hastighedsparameter-
fremadretningstalvaerdi; og nar trinafslutningsfasen slutter, vaerdien af
positionsparameteret og vaerdien af hastighedsparameteret er begge lig med 0;
den anden laterale retningsbegraensningsbetingelse omfatter: nar
trinafslutningsfasen begynder, vaerdien af positionsparameteret er lig med en
anden positionsparameter-lateral-retningstalvaerdi, og vaerdien af
hastighedsparameteret er lig med en anden hastighedsparameter-lateral-
retningstalvaerdi, og nar trinafslutningsfasen slutter, veerdien af
positionsparameteret er lig med en halv af en afstand mellem de to fadder af den
tobenede robot, og veerdien af hastighedsparameteret er lig med 0;

den anden vertikale retningsbegraensningsbetingelse omfatter: nar
trinafslutningsfasen begynder, vaerdien af positionsparameteret er lig med hgjden
Hz i den vertikale retning nar trinbegyndelsesfasen slutter, og vaerdien af
hastighedsparameteret er lig med 0, og nar trinafslutningsfasen slutter, vaerdien
af positionsparameteret er lig med begyndelseshgjden af tyngdepunktet af den
tobenede robot, og veerdien af hastighedsparameteret er lig med 0, og
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nar gangartstyringsparametrene som tyngdepunktstrinmellemfase-
baneerhvervelsesenheden veelger er position, hastighed og acceleration,
positionsparameteret, hastighedsparameteret og accelerationsparameteret alle
omfatter tre retningskomponenter af en fremadretning, en lateral retning og en
vertikal retning nar den tobenede robot gér;

den fgrste fremadretningsbegraensningsbetingelse omfatter: nar
trinbegyndelsesfasen begynder, veerdien af positionsparameteret, vaerdien af
hastighedsparameteret og vaerdien af accelerationsparameteret er alle lig med 0,
og nar trinbegyndelsesfasen slutter, vaerdien af positionsparameteret er lig med
en fgrste positionsparameter-fremadretningstalveerdi, veerdien af
hastighedsparameteret er lig med en hastighedsparameter-
fremadretningstalvaerdi, og vaerdien af accelerationsparameteret er lig med en
accelerationsparameter-fremadretningstalveerdi;

den fgrste laterale retningsbegraensningsbetingelse omfatter: nar
trinbegyndelsesfasen begynder, veerdien af positionsparameteret er en halv af en
afstand mellem de to fgdder af den tobenede robot, og veerdien af
hastighedsparameteret og vaerdien af accelerationsparameteret er begge lig med
0, og nar trinbegyndelsesfasen slutter, vaerdien af positionsparameteret er lig med
en positionsparameter-lateral-retningstalveaerdi, vaerdien af hastighedsparameteret
er lig med en hastighedsparameter-lateral-retningstalveerdi, og veerdien af
accelerationsparameteret er lig med en accelerationsparameter-lateral-
retningstalveerdi;

den fgrste vertikale retningsbegraensningsbetingelse omfatter: nar
trinbegyndelsesfasen begynder, veerdien af positionsparameteret er lig med
begyndelseshgjden af tyngdepunktet af den tobenede robot, og veerdien af
hastighedsparameteret og vaerdien af accelerationsparameteret er begge lig med
0, og nar trinbegyndelsesfasen slutter, vaerdien af positionsparameteret er lig med
hgjden Hz af tyngdepunktet i den vertikale retning nar trinbegyndelsesfasen
slutter, og veerdien af hastighedsparameteret og veerdien af
accelerationsparameteret er begge lig med 0;

den anden fremadretningsbegraensningsbetingelse omfatter: nar
trinafslutningsfasen begynder, vaerdien af positionsparameteret er lig med en
anden positionsparameter-fremadretningstalveerdi, veerdien af
hastighedsparameteret er lig med en anden hastighedsparameter-
fremadretningstalvaerdi, og vaerdien af accelerationsparameteret er lig med en
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anden accelerationsparameter-fremadretningstalvaerdi, og nar trinafslutningsfasen
slutter, vaerdien af positionsparameteret, vaerdien af hastighedsparameteret og
veerdien af accelerationsparameteret er alle lig med 0;

den anden laterale retningsbegraensningsbetingelse omfatter: nar
trinafslutningsfasen begynder, vaerdien af positionsparameteret er lig med en
anden positionsparameter-lateral-retningstalvaardi, veerdien af
hastighedsparameteret er lig med en anden hastighedsparameter-lateral-
retningstalveerdi, og veerdien af accelerationsparameteret er lig med en anden
accelerationsparameter-lateral-retningstalvaerdi, og nar trinafslutningsfasen
slutter, vaerdien af positionsparameteret er lig med en halv af en afstand mellem
de to fgdder af den tobenede robot, og veerdien af hastighedsparameteret og
veerdien af accelerationsparameteret er begge lig med 0; og

den anden vertikale retningsbegraensningsbetingelse omfatter: nar
trinafslutningsfasen begynder, vaerdien af positionsparameteret er lig med hgjden
Hz af tyngdepunktet i den vertikale retning nar trinbegyndelsesfasen slutter, og
veerdien af hastighedsparameteret og veerdien af accelerationsparameteret er
begge lig med 0, og ndr trinafslutningsfasen slutter, veerdien af
positionsparameteret er lig med begyndelseshgjden af tyngdepunktet af den
tobenede robot, og veerdien af hastighedsparameteret og veerdien af
accelerationsparameteret er begge lig med 0.



DRAWINGS

S

selecting gait controlling parameters of the biped robot in a step starting phase, a mid-

slep phase and a slep ending phase, and acquiring & movement lrajectory of a center ol

mass of the biped robot in the mid-step phase when a zero moment point of the biped
robot is located within a steady area

v y.

7 S12

obtaining, according to the movement trajectory of the center of mass in the mid-step
phase, first numerical values of each of the gait controlling parameters of the center of
mass when the mid-step phase starts and second numerical values of each of the gait
controlling parameters of the center of mass when the mid-step phase ends

S13

setting a first constraint condition that the center of mass is required to satisfy when the
step starting phase ends by using the first numerical values, and setting a second
constraint condition that the center of mass is required to satisfy when the step ending
phase starts by using the second numerical values

S14

caleulating the movement (rajeéctories of the ¢enter o mass in the step starting phase
and the step ending phasc on the basis of the first constraint condition and the sccond
constraint condition, respectively

controlling a walking of the biped robot, so that when the biped robot is walking, the

movement trajectory of the center of mass satisfies each of the movement trajectories

of the center of mass in the step starting phase, the mid-step phase and the step ending,
phasc, to realize a steady walking of the biped robot

Fig. 1
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