Slow Robots for Unobtrusive Posture Correction
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Figure 1: We moved a robotic monitor in very slow motions to correct users’ posture unobtrusively. Our system identify users’
current posture based on the center of their eyes (A). When users sit unbalanced (B1), the monitor slowly moves (B2). When
users correct posture due to the monitor motions (C3), the monitor resets to default setting (C4).

ABSTRACT

Prolonged static and unbalanced sitting postures during com-
puter usage contribute to musculoskeletal discomfort. In this
paper, we investigated the use of a very slow moving monitor
for unobtrusive posture correction.

In a first study, we identified display velocities below the
perception threshold and observed how users (without be-
ing aware) responded by gradually following the monitor’s
motion. From the result, we designed a robotic monitor that
moves imperceptible to counterbalance unbalanced sitting
postures and induces posture correction.

In an evaluation study (n=12), we had participants work
for four hours without and with our prototype (8 in total).
Results showed that actuation increased the frequency of
non-disruptive swift posture corrections and significantly
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reduced the duration of unbalanced sitting. Most users appre-
ciated the monitor correcting their posture and reported less
physical fatigue. With slow robots, we make the first step
toward using actuated objects for unobtrusive behavioral
changes.

CCS CONCEPTS

« Human-centered computing — Human computer in-
teraction (HCI); - Computer systems organization —
Robotics.
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1 INTRODUCTION

Desk-related work is a known cause of musculoskeletal dis-
comfort [8, 22, 42, 44]. Increasingly, ergonomists have recog-
nized sitting as a health threat [41] and frequently adjusting
posture has been suggested to reduce discomfort and main-
tain physical health. For that reason, highly adjustable chairs
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have been designed to a ord a range of body postures be-

tween sitting and standing [27].

In HCI, several posture monitoring and noti cation sys-
tems have been proposed. Previous studies have shdwj [
that the more obtrusive the noti cation, the more e ective
it can be for evoking posture changes. However, there are
concerns about the negative e ect of frequent interruptions
on task performance [1, 50].

Instead of alerting users, we set out to investigate an unob-
trusive, yet e ective, posture correction method. We hypoth-
esized that users will follow a moving display not only with
their eyes but also with their head, neck, and upper body,
thereby inducing a posture change. Our idea is based on prior

ndings about human perception and behaviors that indi-
cate coordinated eye and head movement when following
a moving target BY. Likewise, several studies in HCI have
reported a similar e ects, such as with proximityll, mouse
pointers 23, and display content31]. We also built on the
perception phenomenon of change blindness people's poor
ability to detect changes in visual stimulBf. Change blind-
ness has been researched extensively with visual stimuli but,
as far as we know, not with actuated physical objects.

In this paper, we actuated a monitor with a robotic arm and
moved it slowly, below the perception threshold. When a user
sits unbalanced, the robotic monitor moves in the opposite
direction and angle of the unbalanced posture. When the
user corrects their posture, the monitor resets to the default
recommended position and angle.

First, we conducted a user study that con rmed people re-
spond to a slow-moving monitor with a slow and correlating
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posture correction is a sample application of slow and unob-
trusive interaction. Support for multiple poses rather than a
single recommended pose is future work.

2 RELATED WORK

Our design builds on related work on posture monitoring
and noti cation systems as well as the work on actuated and
shape-changing objects.

Posture Monitoring Systems

A number of systems in HCI provide feedback on posture
with the aim of reducing musculoskeletal discomfot(.
Such systems employ a variety of posture-detection tech-
niques including wearable sensors embedded in clothiagy [
44, pressure sensitive mats on the 0of7], table-top sur-
faces [34], chairs [24], and camera-based systems [40].
Interaction types range from calm interactions taking
place in the periphery 46, to obtrusive interactions occur-
ring at the center of attention or foregroundl3. Exam-
ples of calm designs involve objects or visualizations that
mimic the inclination of a user's back angld §. More intru-
sive examples would include noti cations through a pop-up
window [14], a smartphone 19, or vibrotactile feedback
through a wearable device, a cha#4, or shaking the moni-
tor [4]. The most forceful noti cations interrupt users' tasks
by locking the screen or even disturbing other users [32].

Posture Correction Systems

Instead of noti cations, other systems adapt to the user or
aim to correct their posture for them. The Stir electric height-

posture change. The results suggested that a monitor speed changing desk §] suggests an occasional height change

lower than 0.5 mm/s is hard to detect and might be below the
human perception threshold. In the main study, we had 12
participants work with our prototype under two conditions
(with and without actuation) for four hours each or eight
hours in total. We observed a signi cant decrease in the du-
ration of unbalanced postures and also found non-disruptive
but swift posture change. Based on the results, we learned
that a physical object can be moved so slow that users cannot
perceive it's motion and we can utilize this e ect in HCI.

The contributions of this paper are 1) the design of an
actuated monitor that moves below the perception threshold,
2) an observation study on how and when users react to
very slow motions, and 3) an evaluation study that shows
the e ectiveness of the interaction in a real-world scenario
with a diverse set of activities over several hours.

We understand the ergonomic limitations of this study. In
reality, frequent posture changes are seen as more important
than maintaining a balanced posture. In fact, we encoun-
tered users ignoring the monitor to maintain an unhealthy
but comfortable posture in the study. However, in this paper,

with a gentle up and down motion. The Salli Autosmart
desk B4 monitors users' activity and automatically changes
the height accordingly. We built upon these prior e orts but
our goal is to make the interaction unobtrusiv@]], taking
place in the background of the interaction [13].

Robot Furniture

Environment that adapts to user2p 36 39 4§ have been
investigated, and a large body of work describes interac-
tions with actuated or shape-changing furniture. Researchers
have designed a desk that dynamically and adaptively moves
around users 38, modi es its shape B7,43, or changes the
angle of its surfaceq] based on users' needs and collabo-
ration scenarios. Similarly, the Living Desktog][system
actuates objects on the desktop and features a display that
swivels automatically to face the user. The ActiveErgt]
system automatically adjusts the height of the desk and mon-
itor to a user's anthropometric data.

Liu and Picard presented a monitor on an actuated display
and let the robot move in subtle ways to express its a ective
state PQ. Breazeal, Wang, and Picard studied the in uence
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Figure 2: We attached a 27-inch monitor to a co-robot, Kuka
iiwa 7 R800, that can move at slow speeds without noise and
vibration. We used the same setting for both the speed per-
ception study and evaluation study.

of a user's posture on their a ective state and work perfor-
mance f]. By manipulating a monitor's height and angle,
participants were led to pose in neutral, slumped, and upright
sitting postures. We share the same spirit of that approach,
but our work signi cantly extends their research in that
we provide real time interactions between a slowly moving
monitor and users for unobtrusive posture correction.

As far as we know, none of the related studies have sys-
tematically evaluated the slow, real-time interaction between
a robotic monitor and the users' posture.

3 USER STUDY 1: SPEED PERCEPTION
We conducted a speed perception study to identify motion

speeds that are below users' perception thresholds and ob-
serve users posture changes as a result of monitor motions.
We tested 32 motion variables (Figure 3). We had eight mo-

tions (right, left, up, down, forward, and backward transla-
tions; and clockwise and counterclockwise rotations) and
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Figure 3: The time participants took to recognize each mon-
itor motion in dierent speeds. The faster the monitor
moved, the earlier the participants sensed its motion.

indicated motion detection by pressing a key. After each
trial, the monitor reset to its default position at a fast speed
(30 mm/s for linear motions and 3 deg/s for rotation). We
randomized the order and interval (20 to 60 seconds) between
each trail. The study lasted about 1.5 hours including a brief
interview on how participants detected the monitor motion.

We recruited six university students (4 males and 2 females,
mean age= 26.00, SD= 2.28) who spend most of their time
in front of a monitor. Prior to the interaction, we instructed
them to sit in a comfortable but straight posture, focus on
reading and continue reading the text after detecting the
motion. We compensated each participant with 10 USD for
their participation.

Results

The participants detected the monitor motions correctly most
of the time, except for P1 who reported false positives when
the monitor was not moving. When the monitor moved rel-
atively fast, they immediately noticed that it was moving.

moved each motion at four di erent speeds (0.5, 1.0, 1.5, and However, when the monitor moved slowly, they failed to
2.0 mm/s for translation, 0.05, 0.10, 0.15, and 0.20 deg/s fomnotice the motion, but after a while they realized its displace-

rotation, which moved the corner of the 27-inch monitor 0.3,

ment.

0.6, 0.9, and 1.2 mm/s). Based on informal tests, we expected The results showed a proportional relationship between

that the slowest speed would not be detected but the fastest
most likely would.

During a reading task we asked participants to indicate
when they noticed the monitor moving. At the center of
the screen, we created an A6 portrait-sized window. We
had participants sit 500 mm away from the monitor (within

motion speeds and the participants' response times (Figure 3).
The faster the monitor moved, the faster they recognized
the monitor motion. In the case of the translations, the par-
ticipants recognized changes after around 10 seconds when
the monitor moved at 1.5 mm/s (M= 13.17, SD= 6.45) and
2.0 mm/s (M= 5.58, SD= 3.12). When the monitor moved at

the recommended distance of 300-750 mm), and positioned 1.0 mm/s, the participants took 24.11 seconds on average

the top edge of the window to the participants' eye height.
Prototype implementation details are presented in the next
section.

The monitor rotated up to 30 degrees and moved up to 100
mm sideways and upwards, and up to 50 mm for the other
motions to prevent it from touching the desk. Participants

(SD= 10.08) to recognize the changes. The most unobtrusive
speed was 0.5 mm/s, which took 64.22 seconds (SD= 20.17)
for participants to notice the displacement. At this speed,
two participants failed to see any changes in vertical motions,
and the other two participants missed the backward motion
until it reset to the default position. The participants also
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Figure 4: The smooth posture changes of Participant 5 in re-
sponse to the slowest monitor motions (0.05 deg/s rotation
and 0.5 mm/s translations). The colored curves represent
head displacement over time. He slowly turned his head to
followed the monitor motions to continue reading, except
for the forward motion that did not disturb his view.
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We de ned the target balanced posture according to er-
gonomic guidelines for working at a desi}, 2§. Based on
that, we created a 'safe zone' that users needed to stay in, or
else they wiould trigger the monitor motions (Figure 6).

The pose of upper body is de ned to a large extent by
the cervical spine C7 (neck) and lumbar spine L5 (lower
back) 3, 34. Therefore, we were concerned with the position
and angle of C7 (Figure 6a) and L5 (Figure 6b) on the cardinal
planes for designing monitor motions. The monitor moved
sideways with a small rotation and upward motion when
users changed the angle of L5 along the sagittal plane (lean-
ing left/right). We considered the angle of C7 on the sagittal
plane as well and implemented clockwise and counterclock-
wise rotations (head tilt left/right). When users decreased the
angle of C7 or L5 along the coronal plane (leaning forward),
the monitor moved toward the user to push them away from
the monitor. In contrast, when users moved their L5 closer
to the monitor while increasing its angle (leaning backward),
moving the monitor away from users had less impact than
moving closer. Therefore, we designed an upward motion
with tilting to pull users' torsos upward.

From the rst user study, we learned that a 27-inch mon-
itor can move without being noticed under 0.5 mm/s for

easily detected the fastest rotation speed (M= 8.38, SD= 27.73} 3 s|ations. While a slower motion would be less intrusive

and took about ve more seconds for each slower speed.

We observed slow posture changes (Figure 4) in the web-

cam recordings. The participants turned or tilted their head
gradually or in small steps to follow the position and angle
of the text. They were the most responsive to horizontal and

to users, the faster the monitor moves, the earlier users will
correct their posture. Therefore, we compromised the default
speed to 1.0 mm/s for translations and 0.05 deg/s for rotation.
We expected that users would momentarily change their
pose (e.g. touch their faces, stretch, or dget) and introduced

angular changes. We observed gradual changes for vertical delays to avoid false positives. From a pilot study with two

motions as well, but they were not as clear as other pos-
ture changes since the participants tilted their heads up and
down to read the text. Regarding the forward and backward

motions, the participants did not lean forward or backward.

They were the least sensitive to the backward motion and
they could continue reading without any di culties.

4 MOTION DESIGN

participants, we observed that ve seconds was su cient.
The pilot study also showed that participants sometimes ig-
nored the monitor motion and kept their comfortable but
unbalanced postures. As a result the monitor moved to a
position that made it impossible to work, which caused the
participants to eventually change their posture. For those
cases, we let the monitor quickly reset to the original posi-
tion (30 mm/s for linear motion and 3 deg/s for rotation) to

Based on related work and the speed perception study, we minimize discomfort after posture correction.

designed a system for both posture recognition and pos-
ture correction in the attentional backgrounds]. The main

5 SYSTEM IMPLEMENTATION

concept of our system is to detect unbalanced postures and We implemented our system with a 27-inch monitor mounted

initiating the monitor motion to induce posture changes. The
interaction was in four steps as shown in Figure 5. First, a
user's unbalanced sitting triggers the monitor to move in the
attentional background. Second, the monitor moves to coun-
terbalance the posture until the user corrects own posture.

on the end e ector of the co-robot (collaborative robot) LBR
iiwa 7 R800 from KUKATE (Figure 2) that can move at a
constant, slow speed without noise and vibration. This co-
robot is a seven-DoF (degrees of freedom) lightweight robotic
arm with a maximum reach of 800 mm and an integrated

Third, the user starts to move and reaches a default balanced force sensor to react in case of unexpected human contact.

posture. Finally, the monitor resets to its default setting. To

design this interaction, we considered the speed and direc-

tion of the monitor motion, false positive interactions, and
reset conditions.

Our system estimated a user's posture by tracking their
eyes [L2 16. We assumed a xed position of the chair, calcu-
lated the distance and angle between the eyes, and estimated
the inclination of the upper body. The distance between the
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