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Abstract

This article describes the techniques used to blend the position and orientation of two robot trajec-
tories within the pilz industrial motion planner[3] ROS package.
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1 Position blending

1.1 Introduction

Suppose we have two trajectories x1(t), t ∈ [0, T1] and x2(t), t ∈ [0, T2] and we want to make a
transition from x1(t) to x2(t). The transition window technique assumes that the transition happens in
a predefined time window. During this transition window, the resulted trajectory (blending trajectory)
is given by:

xb(t) = x1(t) + α(s(t))(x2(t)− x1(t)), t ∈ [t0, t0 + T ] (1)

in which xb(t) is the transition trajectory. t0 is the start time of transition window and T represents
the transition time. α(s) is the blend function and s is normalized time parameter:

s =
t− t0
T

(2)

which changes from 0 to 1 during the transition window. Following polynomial is selected as α(s) so
that the boundary conditions at the start and end point of the transition window are fulfilled [1]:

α(s) = 6s5 − 15s4 + 10s3. (3)

1.2 Application for blending robot trajectory

We want to move the robot from p1 to p2, then from p2 to p3. p2 is a blending way-point which means
that it does not need to be reached exactly. We want the robot moves alongside p2 without stop. The
whole process is described below with an one dimensional example.

1. Generate motion trajectories x1(t) from p1 to p2 and x2(t) from p2 to p3. x1(t) and x2(t) both
start and stop with zero velocity/acceleration. Both trajectories start with time zero. As a
simple example we generated two one-dimensional linear trajectories in Figure.1. For robot motion
without blending, the two trajectories are executed one after the other, which means x2(t) needs
to be timely shifted by the duration of x1(t).

Figure 1: One-dimensional linear trajectory

2. According to the blending radius r, the points pb1 on x1(t) and pb2 on x2(t) which intersects with
the blending sphere are computed. We also compute the durations d1 for moving from pb1 to p2
on x1 and d2 for moving from p2 to pb2 on x2. The transition window should start earliest from
the time of pb1 on x1(t) is reached, and ends latest at the time of pb2 on x2(t) is reached. In the
example, we take r = 3 and pb1 = pb2 = 5 (see Figure.1).
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3. Timely shift the x2(t) and select the transition window time T according to the above rules. In
order to avoid stop on the blending trajectory, the time shift Ts of x2(t) should be smaller than the
duration of x1(t). We now have the second trajectory as x2(t− Ts) for blending. In the example
the duration of x1(t) is 6s. Figure.2a shows a blending case that we shift the x2(t) with 6s, which
is almost the same as motion without blending. Figure.2b shows a blending case that we shift the
x2(t) with 3.5s and the blending starts at 3.5s, ends at 5.5s. Figure.2c shows a blending case that
we shift the x2(t) with 4.5s and the blending starts at 3.5s, ends at 6.5s.

In the actual implementation, we make the following choice given the durations d1 and d2 inside the
blending sphere:

• If d1 ≤ d2 we shift exactly to the time when pb1 is reached on x1 (when the blending sphere is
entered),

• if d1 > d2 we compute Ts such that Ts + d2 = T1. This choice minimizes increases in accelera-
tion/deceleration on the resulting blend trajectory.

2 Blending the orientation

To blend the orientation, the method described in [2] is used. The equations (18)-(20) in [2] are
used to calculate the orientation along the blend trajectory. In our application, due to the fact that the
orientation change along the original (not blended) trajectories has smooth acceleration and deceleration
phases, (18) and (19) from paper [2] do not need to be calculated.
For the sake of clarity, it is important to note that our functions for uij(t) and ujk(t) are different.
However, we account for this difference by not explicitly calculating (18) and (19) and using the given
samples of the original (not blended) trajectories instead. Furthermore, (3) is used for uj(t), in other
words, uj(t) = α(s(t)).
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(a) Motion blend case 1: Ts = 6s, blending starts at 3.5s, ends at 8s. The resulted
blending trajectory comes to a stop in the middle.

(b) Motion blend case 2: Ts = 3.5s, blending starts at 3.5s, ends at 5.5s. The resulted
blending trajectory smoothly transits from first trajectory to the second trajectory. The
velocity profile has no jumps.

(c) Motion blend case 3: Ts = 4.5s, blending starts at 3.5s, ends at 6.5s. The resulted
blending trajectory smoothly transits from first trajectory to the second trajectory. The
velocity profile has no jumps.
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