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Abstract. Aiming at the problems of collision, non-smoothness, and
discontinuity of the trajectory generated by the motion planning of the
service robot in the home environment, this paper proposes a robot
motion planning system consisting of three parts: path planning, trajec-
tory generation, and trajectory optimization. First, use the A* algorithm
based on graph search to quickly plan a passable global path in a complex
home environment as the initial value of trajectory generation; secondly,
construct an objective function based on Minimum Snap to generate the
initial trajectory to be optimized; finally, Using the convex hull prop-
erty of the Bezier curve, the safety corridor is constructed and the time
distribution is adjusted by the trapezoidal velocity curve method, which
solves the overshoot phenomenon that occurs in the solution process
of the trajectory generation. The Minimum Snap method based on the
Bezier Curve is constructed to optimize the trajectory and finally gen-
erate A continuous and smooth motion trajectory with minimal energy
loss suitable for service robots. The feasibility and effectiveness of this
method are proved by simulation experiments.
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1 Introduction

In recent years, with the increase in the number of the aging population, service
robots play a great advantage in taking care of the daily life of the elderly
and are widely used in the home environment [1]. The home environment is
relatively complex and unstructured, which puts higher requirements on the
motion planning of service robots. The motion planning of mobile robots consists
of two parts: path planning and trajectory optimization.

At present, the path planning algorithms of mobile robots mainly include
two categories: search-based and sampling-based. Search-based methods mainly
include A* algorithm [2,3], D* algorithm [4], the main feature of this kind of
algorithm is to expand from the starting point to the endpoint until it reaches
the endpoint. The sampling-based method is another kind of commonly used
path planning method, among which the most classic is the rapidly exploring
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random tree algorithm [5], but since it uses random sampling, the planned path
is not the optimal path. Due to the high center of gravity of the service robot, it
is necessary to ensure the stability of the robot’s movement, which puts forward
higher requirements for the trajectory optimization of the robot. Through the
differential flat method [6], polynomials can be used to optimize the trajectory
of various robots [7]. However, the generated trajectory only considered the
smoothness and continuity constraints of the intermediate points, and did not
consider the shape of the trajectory, that is, whether a collision will occur.

In this paper, a motion planning method for service robots in the home envi-
ronment is proposed. By imposing security corridor constraints on position and
redistributing time by trapezoidal velocity method, a trajectory optimization
method based on the Minimum Snap of Bezier curve is constructed, which effec-
tively solves the motion planning problem of robots in the home environment.

2 Motion Planning

2.1 Overall Structure

The motion planning method of the home service robot proposed in this paper
consists of three parts: path planning, trajectory generation, and trajectory opti-
mization, and the overall structure block diagram is shown in Fig. 1. Firstly, the
A* algorithm is used to realize the initial path planning and get a set of discrete
waypoints that do not collide with the obstacles. On this basis, an objective func-
tion based on Minimum Snap is constructed to generate a continuous, smooth,
and to-be-optimized trajectory. However, the generated trajectory suffers from
a certain amount of overshoot. Therefore, the Bezier curve is introduced, the
safety corridor is constructed according to the obstacle distribution, the time
is redistributed using the trapezoidal velocity curve method, and the trajectory
optimization of Minimum Snap based on the Bezier curve is constructed using
the transformation relationship between the Bezier and polynomial functions to
finally generate a continuous, smooth motion with minimum energy loss appli-
cable to the home service robot trajectory. The trajectory is input to the robot
trajectory tracker, and the service robot can then track the trajectory.

2.2 Trajectory Generation Based on Minimum Snap

When the home environment information is known, given the initial state and
the target state, the A* algorithm is used to obtain a path consisting of a series
of discrete waypoints that are sparse and do not contain temporal information.
To better control the service robot’s motion, the sparse waypoints need to be
transformed into continuous and smooth curves. In this paper, we use a higher-
order polynomial function for trajectory generation. The polynomial coefficients
are calculated so that the overall polynomial trajectory satisfies the continuity
and smoothness constraints while minimizing the energy function. To be able to
restrict the snap and satisfy the equation semi-positive definite, construct a 7th
order polynomial objective function.
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Fig. 1. Block diagram of the overall structure of motion planning.

Let the path be divided into a total of h segments, then any of these segments
can be expressed as:

q(t) = q0 + q1t + q2t
2 + · · · + q7t

7 =
7∑

i=0

qit
i (1)

where q(i) is the coefficient of the polynomial(i = 0, 1, · · · , 7), and t is the time
of current trajectory.

The Minimum Snap minimization objective function of the whole trajectory
is constructed, that is Z(t), the integral of the square of the change of snap in
the corresponding time segment of each trajectory, and its expression is:

Z(T ) = ∫Tj

Tj−1

(
f (4)(t)

)2

dt = QT
j LjQj (2)

where Qj is the coefficient matrix of jth trajectory polynomial; Lj is the infor-
mation matrix of jth trajectory polynomial.

The problem of minimization of the objective function is modeled as a mathe-
matical Quadratic Programming (QP) problem. After constructing the objective
function to be optimized, to make the final generated trajectory continuous, the
continuity equation constraint is constructed at the end of the jth segment tra-
jectory and the beginning of the (j + 1)th segment trajectory as:

f
(k)
j (Tj) = f

(k)
j+1 (Tj) (3)

The position of the trajectory at the path junction of each segment of the trajec-
tory is relatively fixed, and the smoothness equation constraint is constructed:

f
(k)
j (Tj) = c

(k)
j (4)
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where c represents the x and y axes.
Formula (3) and Formula (4) are substituted for Formula (2), and the coef-

ficients q of each trajectory satisfying the constraint conditions are calculated.
The coefficients are substituted into the state equations of each segment to solve
the state quantities of the whole trajectory in all directions, and finally, the
trajectory to be optimized is obtained.

2.3 Trajectory Optimization Based on Bezier Curve

The trajectory generated based on the Minimum snap method does not impose
restrictions on the whole trajectory position. The generated trajectory may col-
lide with the obstacle because of the dense obstacles in the home environment.
And the trajectory generated based on the Minimum snap method does not con-
sider the speed and acceleration running limit of the robot itself. Based on the
above problems, the trajectory optimization is carried out using the Minimum
snap method based on the Bezier Curve, and the mathematical properties of the
Bezier Curve are used to construct a safe corridor, and kinematic constraints are
imposed according to the parameters of the robot, and the time is redistributed
using the trapezoidal velocity curve. The Bezier curve polynomial is established
as follows:

Ej(t) = p0je
0
n(t) + p1je

1
n(t) + · · · + pnj enn(t), t ∈ [0, 1] (5)

where pij is the (i + 1)th control points of a convex hull polygon, ein(t) is the
Berstein basis function.

There is a transformation relationship between the Bezier curve and the
polynomial curve, such as the formula (6). Therefore, we can use the Bezier
property to impose additional velocity and acceleration constraints, and then
transform them into polynomial curves to solve them. This will greatly shorten
the calculation time and improve the solution quality.

n∑

i=0

pi
n!

(n − i)!i!
(1 − t)n−iti = q0 + q1t + · · · + qntn (6)

The objective function of the original trajectory will start at the first control
point and end at the last control point after the Bezier Curve transformation. By
restricting the control points of the Bezier curve to the rectangular safety zone,
the generated trajectory will be surrounded by the convex envelope formed by
the control points due to the convex envelope nature of the Bezier curve [8], and
then the whole trajectory must be located within the safety zone and must be
collision-free. To avoid collision between trajectory and obstacles, the trajectory
expected to be planned must be in Corridor. If the passable safety region is added
to the QP problem as a constraint, the trajectory of the solution will naturally
be in Corridor. As shown in Fig. 2, a collision-free safe corridor is constructed
with the waypoints searched by the A* algorithm as the center, and a trajectory
is generated in the corridor, so the trajectory must be safe and collision-free.
The inequality constraint expression is as follows:
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Fig. 2. Establishment of global security corridor.

δ−
µj ≤ d0,iµjmj ≤ δ+µj (7)

where d0,iµj is the control point of the Bezier curve of order rth and i on the jth

trajectory on the μ axis, δ−
µj , δ

+
µj is the minimum and maximum limit position

of safety corridor.
Based on the linear relationship between the high-order control points and the

low-order control points of the Bezier curve, the dynamic inequality constraints
are constructed as follows:

{
v−
m ≤ d1,iµj ≤ v+

m

a−
m ≤ d2,iµjm

−1 ≤ a+
m

(8)

where v−
m, v+

m is the minimum and maximum speed; a−
m, a+

m is the minimum and
maximum acceleration.

Equality constraints are imposed on the position, velocity, acceleration and
jerk of the starting point and end point, which are expressed as:

{
dr,iµjm

1−r
j = g

(r)
µj

dr,iµj = n!
(n−r)!

(
dr−1,i+1
µj − dr−1,i

µj

)
r ≥ 1

(9)

where m1−r
j is the scalar coefficient of order 1 − r of the jth segment, g

(l)
µj is the

jth segment rth order on the axis is a certain value.
To ensure the position, velocity, acceleration, and jerk of every two Bezier

Curve joints, a continuity equality constraint is imposed, which is expressed as:

dr,nµj m1−r
j = dr,0µj+1m

1−r
j+1 (10)

Most current time allocation methods use uniform motion to calculate time,
as shown in Fig. 3(a), time is allocated in proportion to the path length [9], but
the solver is not easy to solve. In Fig. 3(c), the blue and orange colors are different
time allocations to produce different trajectories. In this paper, the trapezoidal
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velocity profile method is used to allocate time, where the mobile robot starts
from the starting point, accelerates smoothly to the maximum speed, moves at a
uniform speed, and decelerates smoothly near the endpoint. The velocity profile
is shown in Fig. 3(b), and the robot acceleration function is designed as follows:

a = gs (1 − cos (t)) (11)

where gs is the expected maximum jerk value.
By constructing the objective function of minimizing energy and imposing

linear equality constraints and linear inequality constraints, the whole trajectory
optimization problem is expressed as:

min PTQoP
s.t. AeqP = Beq

AieP ≤ Bie

Pl ∈ Ωl, l = 1, 2, . . . , h

(12)

where P = [P1, P2, · · · , Ph] consists of the feasible region Ωl in section l that
satisfies the waypoint constraint and the safety corridor constraint.

The QP solver is used to solve the above problems, and finally, a continuous,
smooth, collision-free, and executable trajectory suitable for home service robot
is generated.

0.5

( )x m

(
)

y
m

0 0.5 1 1.5 2 2.5

1

1.5

2

( )t s

( / )v m s ( )a

( )b

( )t s0

0

( / )v m s

mv

mv

1t 2t

1t 2t

Waypoint

( )c

Fig. 3. Time allocation. (a) Uniform time allocation velocity curve. (b) Trapezoidal
time allocation velocity curve. (c) Trajectories produced by different time allocation.
(Color figure online)

3 Experiment

To validate the proposed method, Ubuntu 16.04 is used as the bottom operating
system, and C++ programming is used in the ROS stage simulation environ-
ment on I5-7200HQ 8G memory portable computer. In the ROS Stage simulator,
To build the robot navigation environment model in the home environment, the
Gmapping algorithm is used to build the map, and the map can be started by
configuring the parameter file and providing the related topic topics subscribed.
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Using Rviz visualization tool in ROS to display simulation results. Service robot
vmax = 0.25m/s, amax = 0.25m/s2. Firstly, the starting point and the tar-
get point are selected, and then the robot trajectory is planned by using the
A* algorithm and the trajectory optimization algorithm proposed in this paper
under simple obstacles and complex obstacles. The simulation results in a simple
environment and a complex environment are shown in Figs. 4 and 5.

Fig. 4. Simulation results in a simple environment. (a) Environment map. (b) A*
algorithm planning path. (c) Safe corridor generation. (d) Optimized trajectory.

In the simulation results, the white discrete points are the paths planned by
A*, the light blue area is the safety corridor extended according to waypoints,
and the green trajectory is the optimized trajectory within the safety corridor.
Analyzing the simulation results, There are 24 obstacles in a simple environment,
the path planned by the A* algorithm has 7 steep path turns, which is not good
for robot execution, while in the optimized path there are only 2 smooth turns,
which is good for the robot’s stable driving. There are 49 obstacles in a complex
environment, the path planned by the A* algorithm has 12 steep turns and 90◦

turns, while the optimized path has only 3 smooth turns, which greatly improves
the stability of the robot.

Fig. 5. Simulation results in a complex environment. (a) Environment map. (b) A*
algorithm planning path. (c) Safe corridor generation. (d) Optimized trajectory.

The simulation results show that the optimized trajectory of the motion
planning method proposed in this paper is better than the traditional A* plan-
ning in terms of smoothness and safety, and the obtained trajectory is far away
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from obstacles and improves safety. Especially in an environment with complex
obstacles, the optimization effect is more obvious and more beneficial to the
application of service robots in the home environment.

4 Conclusion

In this paper, a motion planning method for service robots in the home environ-
ment is proposed. Trajectory optimization based on Bezier curve Minimum Snap
is constructed, security corridor constraint is imposed, and trapezoidal velocity
curve is introduced to redistribute time. The feasibility of this method is tested
in ROS. By comparing the effect of this method with the traditional method,
we can see that the proposed motion planning method can plan a smoother and
safer path in both simple and complex environments, and is suitable for the
motion planning of service robots in the home environment.
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