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I. INTRODUCTION

Several caregiving techniques such as Tactile Massage [1]
and Humanitude [2] require skillful or therapeutic touch
through physical interaction. Furthermore, several studies have
reported that touching and stroking patients with such skills
e.g., massage produces several kinds of positive effects such as
a reduction in pain [3] and improvements in sleep quality [4].
On the other hand, the lack of caregivers and the labor shortage
in those skills have been increasing, hence, it is expected that
robot arms instead of human hands perform massage1 and
dementia care through skillful stroke touch [5].

To address those expectations, a few studies elucidated that
stroking the human back using a robot arm evokes pleasant
feelings in participants similar to those evoked by humans [6],
[7]. While the robotic stroke motions on the back were
implemented with a linear trajectory for vertically stroking the
back in these studies, the motion appearance was far from that
of the stroke motions by humans because the human hand can
follow the shape of the human back by stroking. We thought
that it remains unclear whether the robot arm can generate
stroke motions following the shape of the human back as
well as humans do and whether the robotic stroke motions
following the shape of the back evoke pleasant feelings in
participants similar to those evoked by humans.

In this study, we propose a method to generate stroke
motions using a robot arm to follow the shape of the human
back. The method generates a trajectory to follow the shape
of the human back for a robotic stroke motion with a cubic
function to model the shape of the human back from the depth
image obtained by a depth camera. We confirm whether the
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generated trajectories can be similar to the trajectories of the
stroke motions on the back by humans. Finally, we evaluate the
psychological effect on the participants’ backs by comparing
the robotic stroke motion following the shape of the human
back with the proposed method and the conventional stroke
motion with a linear trajectory.

II. TRAJECTORY GENERATION FOR ROBOTIC STROKE
MOTION FOLLOWING THE SHAPE OF THE HUMAN BACK

The stroke motion in this study refers to a stroke motion in a
fixed vertical direction from the upper human back to the lower
human back, as in the aforementioned previous studies [6],
[7]. To generate a trajectory of the stroke motion following
the shape of the human back, we use a depth camera with
calibrated internal parameters to recognize the shape of the
back in the stroking direction by calculating the 3D position
in actual space from a depth image. Specifically, first, we
select the start and end positions of the stroke motion from
the obtained depth image, connect the start and end positions
of the stroke motion by a straight line, and then store the
obtained depth values as z in the section between the start
and end positions from 3D positions p(xi, yi, zi) in the camera
coordinate system ΣC . x is the horizontal direction of the
captured depth image (the width) and y is the vertical direction
of the captured image (the height). In this case, since the
stroking direction is constrained only in the vertical direction
(on the y axis), we set the x values at the start and end
positions to be the same in the image.

Next, we generate a trajectory for the stroke motion using a
robot arm from the recognized shape of the human back with
the following four steps:

1) Convert the recognized shape of the human back to
approximate a cubic curve
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Fig. 1: Actual camera and depth images of the back.

2) Calculate the waypoint positions for the trajectory of the
stroke motion from the approximated curve

3) Calculate the target angle for the orientation control of
the end-effector

4) Transform the waypoint positions from the camera co-
ordinate system ΣC to the robot coordinate system ΣR

First, we convert the recognized shape of the back by approxi-
mating a cubic function (z = ay3+by2+cy+d) into a smooth
curve. Second, we calculate the corresponding depths of the
height y in increments of 1.0 [mm] from the approximate
curve and then set those points as the waypoints pway(x, yi, zi)
through which the end-effector moves. Third, we calculate the
target angle θtargetx by (1) to control the orientation of the end-
effector in the x-axis direction.

θtargetx = tan−1 zi − zi−1

yi − yi−1
(1)

Finally, we transform the waypoint positions pway(x, yi, zi)
from the camera coordinate system ΣC to the robot coordinate
system ΣR. We input the generated waypoints pway(x, yi, zi)
and the target orientation θtargetx of the end-effector into the
motion planning tool Moveit2 to generate the stroke motion.

III. GENERATION OF ROBOTIC STROKE MOTION AND ITS
TRAJECTORY EVALUATION

A. Trajectory and Motion Generation

We used a cooperative robot arm UR3e produced by Uni-
versal Robots similar to those used in the previous studies [6],
[7]. We attached a depth camera Intel RealSense D435 near
the robot base. To generate the stroke motions on the back,
we used a mannequin dressed in patient wear3.

In the actual shape recognition of the human back, we took
a depth image of the back and then selected the start and
end positions of the stroke motion. Then, we generated the
trajectory and the stroke motion using the proposed method.
Figure 1 shows the actual recognized shape of the back and
the start and end positions.

B. Evaluation

To evaluate the generated trajectory of the robotic stroke
motion following the shape of the human back, we calculated

2MoveIt, https://moveit.ros.org
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how much the normal directions match from the normal
vector B of the back and the normal vector E of the end-
effector by (2).

θerrorx = cos−1 B ·E
|B||E|

. (2)

We measured the generated motion trajectory five times using
an optical motion capture system OptiTrack4. The normal
vector B was the vertical direction on the plane of the rigid
body created from the markers on the back. We attached five
pairs of the markers at 5.0 [cm] increments from the upper
back of the patient wear worn by the mannequin, 20.0 [cm]
in total. The normal vector E was the vertical direction on
the plane of the rigid body created from the markers on the
end-effector. The trajectory range of the stroke motion was
defined from the uppermost markers on the upper back to
passing through the lowest markers.

Figure 2 shows the actual generated motion using the robot
arm, the back displayed on the motion capture system, and
the transition of the normal vector E of the end-effector. The
average error θ̄errorx at each point of the motion trajectories
was 5.97 [deg] and the maximum error max θerrorx was 8.26
[deg].

IV. COMPARISON WITH STROKE MOTION TRAJECTORY TO
THE BACK BY HUMANS

A. Measurement of Stroke Motions by Humans

We measured stroke motions on the back by humans to
compare the trajectories of the robotic stroke motions follow-
ing the back with those of the motions by humans.

For the stroke motions by humans, we measured the
demonstration of the motion by two performers who stroked
the participants’ backs in the previous studies [6], [7]. We
measured the vertical direction on the plane of the rigid body
created from the markers attached to the tip of the performer’s
right hand as the normal vector H of the hand. Then, we
evaluated how similar the vector H replaced from the normal
vector E in (2) is to the normal vector B of the back. In
addition to the measurement in Section III, we measured the
motions on the back of a mannequin wearing the patient wear
with the markers in the same posture five times, starting from
the uppermost markers on the upper back to passing through
the lowest markers.

B. Measurement Result

Figure 3 shows the actual human demonstration of the stroke
motion, the back displayed on the motion capture system, and
the transition of the normal vector H of the hand.

The average error θ̄errorx from each point on all the motion
trajectories was 4.78 and 5.52 [deg] for the first and second
performers, respectively, and the maximum error max θerrorx
was 7.30 and 8.13 [deg] for the first and second perform-
ers, respectively. These results indicated that the average
error θ̄errorx and the maximum error max θerrorx of the robotic

4OptiTrack, http://www.optitrack.com
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Fig. 2: The actual robotic stroke motion and the measured normals on the back and robot’s end effector.

(a) (b) (c) (d) (e) (f)

Fig. 3: The actual human stroke motion and the measured normals on the back and hand.

stroke motion in Section III were 5.97 [deg] and 8.26 [deg],
which were close to those of the stroke motions by humans.
Therefore, we deemed that the robotic stroke motion using the
proposed method could follow the shape of the back.

V. SUBJECTIVE EXPERIMENT

A. Method

To evaluate the effect of the stroke motion following the
shape of the human back using the actual robot arm, we
attached the human-mimetic robotic hand used in the previous
studies [6], [7] to the end-effector, and compared the psycho-
logical effect of the stroke motion with the proposed method
and the conventional stroke motion with a linear trajectory
used in the previous studies by subjective evaluation.

From the previous studies, we used the Affect Grid [8]
for subjective evaluation. Affect Grid consists of 9 × 9 two-

dimensional grids with a horizontal and vertical axis, each
representing a 9-point scale of valence (pleasant-unpleasant)
and arousal level (high-low). The left and right directions
in the horizontal axis correspond to pleasant and unpleasant
feelings (valence), and the up and down directions in the
vertical axis correspond to high and low arousal.

We prepared totally four conditions: two types of mo-
tions, i.e., the stroke motion following the shape of the human
back (the proposed method) and the stroke motion with a
linear trajectory (the conventional method used in the previous
studies), and two types of speeds (slow: 2.8 [cm/s] and
medium: 8.5 [cm/s]) similar to the experiments in the previous
studies.

To control the experimental environment, we asked partic-
ipants to wear patient wear and earmuffs as in the previous
studies. Furthermore, to reduce the participants’ anxiety, we



Fig. 4: The actual experimental setup

asked the participants to observe only the approach to the back
before the start of the robotic stroke motion through a screen
placed in front of the chair for the participants.

In the experimental procedure, first, we explained the ex-
perimental procedure to a participant and then asked him to
wear the patient wear. Second, we took an image of the shape
of the participant’s back with the depth camera and asked him
to move as little as possible during the experiment. The shape
of the back was recognized only once before the start of the
experiment, and the stroke motion following the shape as the
condition was generated from this shape recognition result.
Third, we conducted a pretest that the robot arm generated the
stroke motion following the participant’s back at low speed to
reduce the participant’s anxiety about the robot arm and to
confirm the visibility of the approach. After the pretest, we
repeated the following four steps 20 times.

1) We randomly select one of the four conditions, combin-
ing the speed (low and medium speed) and the motions
(the stroke motion following the shape of the human
back and the stroke motion with a linear trajectory).

2) The robot arm approaches the participant’s back while
showing the approach on the participant’s front screen.

3) We hide the video on the front screen and the stroke
motion is performed for about 20 seconds.

4) After the stroke motion, the participant intuitively and
subjectively evaluates the feeling by the stroke motion
in about 10 seconds.

B. Result

This experiment was approved by the Ethics Committee of
Nara Institute of Science and Technology, Japan. Five healthy
Japanese adult males (mean ± SD age, 23.4 ± 0.8 years)
participated in the experiment after informed consent was
obtained from all participants.

Figure 5 shows the results of the Affect Grid. Figure 5-A
shows the valence scores (pleasant - unpleasant), with higher
scores indicating pleasantness and lower scores indicating
unpleasantness. The left and right figures in Figure 5-A show
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Fig. 5: The result of subjective evaluation using Affect Grid
(∗: p < 0.05). Note that the condition non-linear trajectory is
the stroke motion following the shape of the human back with
the proposed method.

the valence scores for each condition and the two factors
(speed and motion) for each level (speed: low and medium
speed, motion type), respectively. Figure 5-B shows the arousal
scores (high - low), with higher scores indicating higher
arousal and lower scores indicating lower arousal.

In the valence scores, Figure 5-A shows that the stroke
motion following the shape of the human back evoked more
pleasantness than the conventional stroke motion with a linear
trajectory, and the difference in speed was similar to that
in the previous studies. An ANOVA analysis was conducted
to evaluate the difference between the two motion types,
and no interaction was found: F (1, 4) = 0.652, p > 0.1.
Furthermore, a main effect test showed marginal significance
with F (1, 4) = 7.236, p < 0.1 and F (1, 4) = 5.548, p < 0.1
for the types of motion and speed, respectively.

In the arousal scores, Figure 5-B shows that the stroke
motion following the shape of the human back evoked higher
arousal than the conventional stroke motion with a linear
trajectory, and the difference in speed was similar to that
in the previous studies. An ANOVA analysis revealed an
interaction effect of F (1, 4) = 15.844, p < 0.5. Furthermore,
a simple main effect test was conducted as a post-hoc test,
and no significant difference was found in comparing the low-
speed motions, F (1, 4) = 0.004, p > 0.1. The comparison
of the medium-speed motions was significantly different with
F (1, 4) = 6.382, p < 0.05.

The speed comparison of the stroke motions following the
shape of the human back showed a significant difference,
F (1, 4) = 7.851, p < 0.05, indicating that the medium-speed
stroke motion following the shape of the back evoked higher
arousal than the low-speed stroke motion following the shape
of the back. On the other hand, no significant difference was
found in the speed comparison of the stroke motions with a
linear trajectory, F (1, 4) = 1.198, p > 0.1.



C. Discussion

In terms of valence, the stroke motion following the shape
of the human back tended to evoke more pleasantness than
the conventional stroke motion with a linear trajectory. On
the speed aspect, it was shown that the medium-speed stroke
motion tended to evoke more pleasant than the low-speed
stroke motion, similar to the results in the previous studies.

In terms of arousal, the stroke motion following the shape of
the human back tended to evoke higher arousal than conven-
tional stroke motion with a linear trajectory. In particular, the
medium-speed stroke motion following the shape of the back
was higher arousing than the medium-speed stroke motion
with a linear trajectory. On the speed aspect, it was shown that
the medium-speed stroke motion following the shape of the
back evoked higher arousal than the low-speed stroke motion
following the shape of the back, similar to the previous studies.

These results indicated that the stroke motion following the
shape of the human back with the proposed method tended
to evoke pleasant and higher arousal, i.e., more pleasant and
active feelings, than the conventional stroke motion with a
linear trajectory, and that the medium-speed stroke motion
especially evoked higher arousal, i.e., more active feelings. The
differences in the speed of the stroke motions were similar to
those in the previous studies, confirming the previous findings.

The results suggested that the stroke motion following the
shape of the human back with the proposed method tended
to have a certain positive effect compared to the conventional
stroke motion with a linear trajectory. Thus, we expect that
these human-like therapeutic stroke motions on the back could
be implemented by robots instead of human skills to perform
massage and dementia care.

On the other hand, note that this study has a few possible
limitations. First, we only used a cubic function to generate
a trajectory of the robotic stroke motions following the shape
of the human back. The actual shape of the human back is
always not fixed e.g., when a human breathes. Hence, real-
time generation of trajectories of the robotic stroke motions
is needed. We consider that there is a case where the only
use of a cubic function may be about to fail the target
trajectory generation. Second, as referred to in Section II, the
stroke direction on the human back is constrained. In actual
situations of care and massage, we consider that the stroke
direction can be various. Third, the number of participants
in the subjective experiment was very limited. To confirm the
general psychological effects, we need to ask more participants
to have experiences with the stroke motion with the proposed
method.

VI. CONCLUSION

In this study, to perform the robotic stroke motions fol-
lowing the shape of the human back similar to the stroke
motions by humans, in contrast to the conventional robotic
stroke motion with a linear trajectory, we proposed a trajectory
generation method for a robotic stroke motion following the
shape of the human back. We confirmed that the accuracy of
the method’s trajectory was close to that of the actual stroking

motion by a human. Furthermore, we conducted a subjective
experiment to evaluate the psychological effects of the pro-
posed stroke motion in contrast to those of the conventional
stroke motion with a linear trajectory. The experimental results
showed that the actual stroke motion following the shape of the
human back tended to evoke more pleasant and active feelings
than the conventional stroke motion.

In future work, we would like to increase the number of
participants and further evaluate the psychological effects of
the robotic stroke motion following the shape of the human
back. In addition, we would like to extend our method to
generate robotic stroke motions following the shapes of other
parts of the body.
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