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Foot trajectory and gait planning of quadruped robot
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Abstract: Foot trajectory and gait planning is one of the important research fields of foot robot. The eighth order polynomial
is used to plan the trajectory of each joint of the robot leg, so that the Angle, angular velocity and angular acceleration curves of
each joint during leg movement can be smooth and continuous, so as to improve the smooth and quick action of the leg movement.
Through MATLAB simulation and robot experiment, it is proved that the eight-order polynomial can keep the legs of the robot
continuously and smoothly in the process of movement, reduce the impact of the mutation of the joint movement on the legs of
the robot, so that the running trajectory of the robot can be optimized to a certain extent.
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1. Introduction

The gait planning of hexapod robots plays an important
role in realizing the free control function of multi-legged
robots, which puts forward high requirements for the rapidity
and stability of robots when moving. Good gait planning can
not only help robots to adjust stably to adapt to different
environments. Moreover, it can effectively improve the
walking speed of the robot and reduce the energy
consumption. For the gait planning of hexapod robot, it is
necessary to consider the structure of the robot itself and refer
to the walking mode of natural creatures.

2. Foot trajectory planning

In order to obtain an ideal foot trajectory, foot trajectory
planning needs to meet the following conditions: 1) all joints
move gently without sudden acceleration or deceleration; 2)
The leg moves smoothly without obvious swing and impact;
3) swing leg lift and landing moment no impact; 4) Smooth
foot track, swing phase leg lift quickly; 5) Joint rotation
velocity and acceleration are smooth and continuous without
abrupt change; 6) Avoid sliding when the foot contacts with
the ground, and do not swing the leg to mop the ground .

According to the above requirements, the movement period

of single legis setas T, 0 ~ gas swing phase, g ~ Tas support

phase, the direction of travel is X direction, the direction of
leg lifting is Z direction, the step length is S, and the height of
leg lifting is H. According to the requirements of foot
trajectory planning, the constraints of satisfied end trajectory
in X direction and Z direction are as follows

2.1. Horizontal X direction

Position constraints: the initial position is 0, the end
position of the swing phase is 0, and the end position of the
support phase is 0. That is:

x(0) =0 (1)
x(T/2) =S )
x(T)=0 3)

constraint of velocity
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x(0)=0 4)
x(T/2)=0 (5)
x(T)=0 (6)
Acceleration constraint
X¥(0)=0 @)
¥(T/2)=0 ®)
¥(T) =0 9)

It can be seen from the above that there are 9 constraints in
the X direction. In the X direction, the trajectory of the
oscillating phase is the same as that of the supporting phase,
and only the direction changes. In order to reduce the amount
of calculation, only the trajectory of the oscillating phase is
considered. It can be seen from above that there are only 6
constraints on the oscillating phase in the X direction, so the
foot trajectory in the horizontal direction is assumed to be a
quintic polynomial:

x=at’+bt*+ctd+dt’+et+f  (10)
% = 5at* + 4bt3 + 3ct® + 2dt + e (11)
¥ = 10at3 + 6bt? + 3ct + 2d (12)

Let's say that the period of the oscillating phase is T0, plug
in the constraint equation,

x(0)=0 x(Ty) =S 13)
x(0) =0 x(Ty) =0 (14)
¥(0)=0 %(Ty) =0 (15)
Acquirability
65 155 10S
=T—05b _T_g _T_03 d=€=f= (16)
Be
_ 65,5 155 4 , 105 3
x=get® —Trtt 4+ et (17)
305 4 60S.3 | 305 >
Ett ot st (18)
. _ 1208 3 1805 5 60S
ToTg T T$ t (19)

Set the period of swing phase to 1 and step length to 100.
The position, velocity, and acceleration curves are shown in
Fig.1.
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Fig.1 X direction position, velocity, and acceleration curves

2.2. Vertical Z direction

Position constraints: the initial position is 0, the end
position of the swing phase is 0, and the end position of the
support phase is 0. That is:
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0.9
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x(0)=0 (20)
x(T/2)=H (21)
x(T) =0 (22)
x(T/2)=0 (23)
x(T) =0 (24)
Acceleration constraint
¥(0)=0 (25)
X¥(T/2)=0 (26)
X(T)=0 27

It can be seen from the above that there are 9 constraints in
the vertical direction, and the foot trajectory in the vertical
direction is assumed to be a polynomial of eight times,

namely:
x = At® + Bt” + Ct® + Dt° + Et* + Ft3 + Gt* + Ht +
I (28)
% = 8At” + 7Bt + 6Ct> + 5Dt* + 4Et3 + 3Ft? +
2Gt+H (29)
¥ = 56At® + 42Bt° + 30Ct* + 20Dt3 4+ 12Et? +
6Ft + 2G (30)
Plug in the constraint and solve it with MATLAB
A=—(768-H)/T® 31
B = (3072 -H)/T’ (32)
C =—(4864-H)/T® (33)
D = (3840 - H)/T® (34)
E =—(1536-H)/T* (35)
F =(256-H)/T3 (36)
Then the vertical foot trajectory equation is:
768-H ,g | 3072-H ,; 4864-H o  3840-H g
x= -0t - = —t5 —
T T T T
153’#& Zsﬂﬁ (37)
T
= 614:Ht7 + 215074-‘Ht6 _ 291864-~Ht5 + 192050‘H 4
T T T T
6144-H 768-H
- t? (38)
43008-H , ¢ | 129024-H .5 145920-H 4 , 76800-H 3
- s ¢ 7 - 6 5 -
T T T T
18432-H 1536-H
Sttt (39)

Set the period of swing phase to 1 and lift leg height to 30.
The position, velocity and acceleration curves are shown in
Fig. 2.
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Fig.2 Z-direction position, velocity, and acceleration curves

3. Conclusion

According to the trajectory curve of the foot in joint space,
it can be seen that the position of the points passed by the
robot's foot is consistent with that of the planned points, and
the trajectory curve is smooth and continuous, indicating that
the eighth order polynomial can be successfully applied to the
trajectory planning of the foot. The trajectory curves of the
Angle, angular velocity and angular acceleration of each joint
of the robot's legs are smooth and continuous, and there is no
mutation in the acceleration and deceleration process, which
can make the robot's feet land stably and reduce the impact of
Angle changes on the legs, so as to realize the smooth and
rapid movement of the robot's legs.
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