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ABSTRACT

Proper ergonomics improves productivity and reduces risks
for injuries such as tendinosis, tension neck syndrome, and
back injuries. Despite having ergonomics standards and
guidelines for computer usage since the 1980s, injuries
due to poor ergonomics remain widespread. We present
ActiveErgo, the first active approach to improving ergonomics
by combining sensing and actuation of motorized furniture. It
provides automatic and personalized ergonomics of computer
workspaces in accordance to the recommended ergonomics
guidelines. Our prototype system uses a Microsoft Kinect
sensor for skeletal sensing and monitoring to determine
the ideal furniture positions for each user, then uses a
combination of automatic adjustment and real-time feedback
to adjust the computer monitor, desk, and chair positions.
Results from our 12-person user study demonstrated that
ActiveErgo significantly improves ergonomics compared to
manual configuration in both speed and accuracy, and helps
significantly more users to fully meet ergonomics guidelines.
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INTRODUCTION

Personal computing is becoming more essential for work,
study, and entertainment, and its usage while sitting has
steadily increased [21, 22, 40, 41]. Proper ergonomics
improves productivity and reduces risks of musculoskeletal
disorders (MSD) [21, 40, 41], especially for Repetitive Strain
Injuries (RSI) such as tendinosis, tension neck syndrome, and
back injuries due to prolonged computer usage [7, 36, 42].
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Figure 1. ActiveErgo is the first active approach to improving
ergonomics by providing automatic and personalized computer
workspace adjustment. Our prototype uses a Microsoft Kinect sensor
for skeletal tracking and uses robotic arms and motorized desk to
provide automatic workspace adjustment.

Ergonomics standards and guidelines provide specific and
quantifiable recommendations for proper postures and
environment settings, and has been established since the
1980s [44]. For example, desk height should be positioned
such that the user’s forearms are parallel to the ground.
However, in order for the guidelines to be properly
implemented, users need to learn the guidelines, self-
monitor their postures, and manually adjust their workspaces
accordingly. In practice, despite having ergonomics guidelines,
conservative estimates of the annual costs caused by repetitive
strain injuries (RSI) are about $50 billion in the United States
alone [16].

To better understand how well ergonomic guidelines are
implemented in practice,we conducted a 21-person contextual
field study to measure the participants’ postures while using
computers in their own home, at school, and at a Fortune
500 company work environment. Results showed that every
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participant had ergonomics problems. Reasons included
lack of ergonomics knowledge, laziness when using shared
workspaces, and inaccurate estimates of their own postures.

We present ActiveErgo, the first active approach to
improve ergonomics by combining sensing and self-actuating
workspace furniture. Our work provides automatic, accurate,
and personalized ergonomics in accordance to the ergonomics
guidelines with minimal user effort. ActiveErgo uses the
Microsoft Kinect’s skeletal tracking to calculate the proper
workspace furniture settings, and automatically actuates the
desk and monitor arms to be positioned accordingly. For a non-
motorized chair, our system relies on the Kinect to sense the
sitting distance and the ultrasonic distance sensors to monitor
the chair height, and subsequently provides real-time feedback
for users to make proper adjustments.

We conducted a 12-person study to compare our system to
manual adjustments based on ergonomics guidelines. Results
showed that our system significantly reduced deviation from
the recommended posture angles by 51.4% compared to the
manual approach. In terms of configuration speed, our system
spent an average of 43 seconds and was 2.2 times faster
than the manual approach, which is especially important for
shared workspaces that need to be re-configured for each
user. Overall, our system assisted 83% of the participants
in satisfying ergonomics guidelines compared to 8% with the
manual approach to within a margin of 10°).

RELATED WORK

There has been significant work in each of the areas of posture
sensing, ergonomics reminders, and active furniture. Our
work is the first to combine all three to provide automatic and
personalized ergonomics.

Posture Sensing

Accelerometers in wearable devices have been used to track
partial body postures [11, 15, 20] such as in smart glasses
to monitor users’ head tilt during computer use [39]. Flex
sensors have been attached onto users’ necks to detect
head tilt [9] and embedded inside sleeves to detect arm
angles [31]. In addition to wearable sensors, chairs have
been instrumented with sensors, such as capacity sensors [8]
and piezoelectric sensor [30], to detect bad postures based on
pressure distribution [10, 26, 46].

Many vision-based monitoring systems have been developed
to detect sitting postures [6, 17, 33]. Geometric features
extracted from the user’s silhouette have been used to
determine the incline angle of the user’s head and to track
their activities [18, 19]. Face detection have been used to
calculate the distance between the face and display screen
to detect viewing distance and forward head tilt [13, 24, 39].
The collaborative vision network connects multiple cameras in
offices to detect workers’ attention, posture, and mobility [25].

Sensors from the Microsoft Kinect provide skeletal tracking,
which can be used to sense improper sitting postures [29]. Our
prototype uses the Kinect’s sensor to measure the user’s body
dimensions, head tilt, and distance-to-keyboard to calculate
the proper monitor position, desk height, and chair position.
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‘We also use ultrasonic distance sensors to measure the chair
height.

Ergonomics Reminders

There has been a variety of approaches to deliver ergonomic
reminders to the user. On-screen notifications such as icons
and pop-up windows have been used to alert users of improper
postures [17, 24, 29, 37, 39]. Haptic feedback via wearable
devices [15, 31] and smart chairs, [10, 17, 30, 46], and
ambient feedback such as flowers that bend to reflect changes
in users’ postures [10, 23, 43] have also been used. In addition,
BeuPo [14] an application involved with various game to
increase user motivation at posture correction. Our current
prototype system uses real-time feedback displayed on the
user’s display screen, as well as automated adjustment since
the chair is not motorized. The system provides real-time
directions to guide users on how to adjust chair position and
height.

Active Furniture

Nissan’s Intelligent Parking Chair ! autonomously senses the
environment and parks itself at the proper location. Kinectic
Furniture [38] utilizes affordances such as seat angle and
direction to foster spontaneous conversations among strangers
in public spaces. Roombots [35] are self-reconfiguring
modular robots for adaptive furniture that can change shape
and function. Researchers have also studied how humans react
and interact with autonomous and anthropomorphic furniture,
including chairs that escape when someone is about to sit
on them [27], robotic trash cans [45], robotic footstools [32],
and sofa-bots [34]. Our prototype uses a motorized desk for
automated height adjustment, and dual robotic arms to provide
automated adjustment based on sensor data on monitor height
and distance.

Salli AutoSmart [3] is a similar automated workspace furniture
adjustment system, which can first automatically detect user
actions of reading and typing, and then adjust their monitor
and desk height to those actions. Their system differs from our
proposed system due to requiring users to manually configure
both the monitor height and desk height for typing mode and
for reading mode. Moreover, compared to Salli AutoSmart,
our system provides personalized ergonomic setup automation
that is significantly faster and more accurate than manual
setup.

ERGONOMICS GUIDELINES

There has been extensive research on ergonomics for
computer workstation design [44].  Various standards
have been developed internationally, such as Europe’s
International Organization for Standardization ISO-9241 and
North America’s BIFMA Gl - 2013 Ergonomics Guideline;
and nationally, such as the Australian Standard AS-3590.2,
Canadian Standard Can/CSA-Z412-M89, and American
Standard ANSI/ HFES-100. In addition, there are regional
guidelines such as the "Australian National Code of Practice
for the Prevention of Occupational Overuse Syndrome" and
Hong Kong’s "A Guide to Work with Computers".

Thttps://www.youtube.com/watch?v=01D07dTILHO
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Comparisons of ergonomics standards and guidelines for
computer workstations in Australia, Canada, the United States,
Europe, and Hong Kong show significant variations across
them [44]. We compared the recommendations from the
4 standards previously mentioned and the 1 guideline from
Hong Kong, and selected the most stringent among them. For
example, with the forearm and upper arm postures, we adopted
the Canadian standard specifying that forearms and upper arms
should be horizontal and vertical, respectively. The United
States standard is more relaxed and specifies that the elbow
angle should range from 70° to 135°, while the Australia and
Europe standards lack such recommendation.

Moreover, the standards and guidelines specify between 14
(Hong Kong) to 33 (Canada) recommendations, ranging from
seat width (all 5 standards and guidelines) to forward head tilt
(Canada only), for a total of 36 recommendations [44]. For
the purpose of our work focusing on personalized ergonomics,
we selected all posture-related recommendations that needs
personalization (i.e., requiring different workspace adjustment
for different users). As shown in Figure 2, these include the
following 6 posture angle recommendations:
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Figure 2. The 6 posture angles that require personalization in a
computer workspace, based on ergonomics standards and guidelines
from Europe, Canada, Australia, Hong Kong, and the United States:
1) forward head tilt, 2) vertical viewing angle, 3) upper arm to vertical,
4) lower arm to horizontal, 5) thigh to horizontal, and 6) knee angle.

e Maximum forward head tilt of 15°.

e Upper arms are vertical and forearms are horizontal.

Thighs are horizontal and knees are at 90°.

Vertical viewing angle of 15-20° below the horizontal,
with the first line on screen at about or just below eye level.

FIELD STUDY

To better understand how ergonomics are implemented in
practice, we conducted a field study in the user’s context and
location. We recruited 7 participants (3 females) for each
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of our 3 settings (home, school, and work) for a total of 21
participants. The school group is from a local university, and
the work group is from a Fortune 500 internet company that
provides ergonomic furniture and optional ergonomics training
to all its employees. Of the 21 participants, 12 primarily used
laptops and 9 primarily used desktop computers. Participants
were interviewed in the context of their most-used workspaces.

We measured how ergonomic their postures were using their
current workspace configuration, followed by interviews about
ergonomics. In order to calculate posture angles, we used the
measurement methods from Harrison et al. [12]. For each
measurement, we used circular stickers as visual markers on
each joint, including the neck, shoulder, elbow, wrist, hip
(greater trochanter), knee, and ankle. We assigned a second
researcher to assess the marker placement to confirm the
accuracy of these stickers’ placement. We then used an electric
protractor [2] with a bubble level to measure the angle of the
joints, and a tape ruler to measure distances. Vertical viewing
angle was calculated using arctan(x/y), where x denotes the
difference in height between the horizontal viewpoint and the
center of the monitor, and y denotes the distance between the
participant and monitor.

Results

Figure 3 shows the average deviation from the guidelines.
The two largest deviations were both arm-related. The upper
arm angles (mean=26.5°, SD=11.7°) were often caused by
excessive chair distance to the desk/keyboard, while were
forearm angles (mean=13.4°, SD = 8.7°) are caused by
incorrect desk/keyboard height. Laptop users had significantly
higher forward head tilt angle compared to desktop users
(mean=6.58° vs. 0.88°), and the difference was statistically
significant (p < .05).

Overall, none of the participants fully met the guidelines to
within a margin of 10°. In fact, out of the total 6 posture
angles, all had at least 2 angles that significantly deviated
from the recommended guidelines by more than 10°. This
was especially surprising for participants at their work setting
(3 desktop and 4 laptop users), since the company provided
ergonomic chairs, desks, and monitors, and also offered
optional ergonomics training.
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Figure 3. Results from our 21-person field research showing the average
deviation from ideal postures as specified in ergonomics guidelines.
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During the interview, it became clear that while most knew of
ergonomics and its health/injury implications, only 33.3% of
the participants could correctly specify one or more correct
ergonomics guidelines. 61.9% of the participants adjusted
their workspace purely based on comfort, without any specific
guidelines in mind. Even after learning about proper posture
angles, several participants mentioned that they would have
difficulty adjusting the workspace because they did not have a
good sense of their own postures angles. Finally, participants
of shared workspaces mentioned that they were usually too
lazy to adjust their workspaces for ergonomics, even when
they expected to use them for several hours.

SYSTEM DESIGN

In order to address the barriers in adopting ergonomics
guidelines and to provide personalized ergonomics, the system
should be able to calculate the proper furniture height and
position and to make the necessary adjustments. Ideally, all
automated adjustments should be completed before the user
sits down and starts using the computer to avoid unexpected
furniture movement.

Figure 4. The 7 body dimensions measured using the Kinect sensor and
used to calculate the personalized workspace settings, including: (a) hip
to head, (b) torso, (c) upper arm, (d) forearm, (e) lower leg, (f) thigh
thickness and (g) popliteal height.

1. Chair height: Affects the thigh and knee angles, and
should be set to the height of the user’s popliteal height
shown as g in Figure 4.

HeightChair = HeightP()pliteal (D
where the popliteal height can be calculated by

T hicknessthigh
2

2. Desk height: Affects the forearm angle. After the chair
height has been determined, the ideal desk height can be
calculated by

2

HeightPopliteal = LengthLowerLeg -

HeightDesk = HeightChair + LengthElbowToHip 3)

where the length from elbow to hip can be calculated by

LengthElbowToHip = Lengthrorso — LengthUpperArm (€]

shown as (b-c) in Figure 4.
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3. Keyboard position: Affects the angle of the upper arm.
We set the keyboard to be 15 cm from the edge of the
desk according to ergonomics guidelines [44], and use chair
position to make the upper arm vertical.

4. Chair position: Once both desk height and keyboard
position are determined, the chair position determines the
angle of the upper arm. We can calculate the chair position
relative to a front-mounted distance sensor such as the
Kinect by

Distancechqir = Lengthrorearm + DisranceKeyhoard )

where Distancecyir and Distancegeypoara are the relative
distances from the chair and keyboard to the Kinect sensor,
respectively.

5. Monitor position: The height of the monitor affects
forward head tilt, and the height and distance together
affects the vertical viewing angles. The height can be
calculated by adding the chair height and the distance
between the head and the hip.

IMPLEMENTATION

Figure 5. Our prototype system consists of: (a) a Kinect v2 sensor
(b) an LCD monitor supported by dual Arduino-based robotic arms,
(c) a motorized desk controlled via Arduino, and (d) a chair with an
Arduino-based ultrasonic height sensor.

As shown in Figure 5, our prototype uses a Microsoft Kinect
v2 sensor for skeleton sensing and posture monitoring with
the Kinect Unity SDK on a Windows 10 computer. We placed
the Kinect sensor at distances of 130 cm from the floor and
8 cm to the edge of the table, so it can capture the full body
skeletal data and also track the head height and sitting distance
from the keyboard/desk.

Although the Kinect v2 has been shown to have potential
in serving as a reliable clinical measurement tool [28], we
discovered that the the 5 key body length measurements
from the sensor were too noisy in normal standing, walking,
and sitting postures. To improve measurement accuracy,
our system asks users to perform two custom postures as
shown in Figure 6 for one second each. Since thigh thickness
could not be calculated using joints, we used pixel-based
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measurements [S5] using the user’s depth sense map from the
Kinect. We could then calculate thigh thickness by using the
pixel ratio between the thigh thickness and lower leg length,
scaled by the known value of the lower leg length.

Using these measurements, the system calculates the proper
chair and desk height. The desk height is adjusted with
a Conset 501-7 electric standing desk, which we modified
to control its height via Arduino by replacing the manual
adjustment switch with a circuit with four relays. The
operating range of the desk is 66 cm to 118 cm and 50 kg.

Building a motorized chair that can move and adjust height
was not trivial, so our current prototype employs distance
sensing and real-time visual instructions to guide users in
making manual adjustments. The chair height is sensed
using an ultrasonic distance sensor via Arduino, and visual
instructions to raise/lower the chair are shown on the monitor.
The Kinect sensor is used to track the user’s sitting distance
from the desk/keyboard, and visual instructions to move the
chair forward and backward are shown on the monitor.

To build a monitor that can adjust height, tilt, and viewing
distance, our prototype uses an ASUS MB169B+ 15.6"
portable LCD monitor [1] and Arduino Braccio robotic
arms [4]. Due to the weight support limit of the Braccio
robotic arms, we combined 2 arms to operate the monitor. The
monitor height is calculated by using the Kinect sensor to track
the user’s head position and the desired viewing angle.

Figure 6. Two custom postures for anthropometric measurement. The
white line on the user’s thigh indicates the thickness extracted from the
user’s color map from the Kinect.

o
Bl

EVALUATION

To evaluate the accuracy, speed, and usability of ActiveErgo,
we conducted a user study to compare it with the manual
approach. We recruited 12 participants (5 females) from
students and staff members at a local university. Their
heights ranged from 156 cm to 175 cm (mean=167.5, SD=6.8),
and their weights ranged from 45 kg to 78 kg (mean=58.6,
SD=9.6).

Procedure

We asked users to study the relevant ergonomics guidelines
for 5 minutes, making sure that they clearly understood the 6
key posture angles. We also asked users to practice adjusting
the chair manually, and to practice using the keyboard input
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that we provided to adjust the motorized desk and the monitor
height via robotic arms.

In the first phase, we asked users to manually adjust the
workspace to meet the ergonomics guidelines for the 6 posture
angles. The task completion time was calculated when
the participant started making the first adjustment, until the
participant informed us that the task was complete.

In the second phase, we asked users to use ActiveErgo and
follow its visual instructions. The task completion time was
calculated when the participant was asked to perform the first
posture for Kinect measurement, until the monitor has finished
its automated adjustment.

At the end of each phase, we measured the 6 posture angles
using the same procedure as describe in our field study, and
asked participants to fill out a NASA Task Load Index (NASA-
TLX) questionnaire.

12 115
Manual
Bl ActiveErgo
10
o 8
o
[}
Z
5 6 5.5 5.5
3 4.7
2 3.9
3 4 33 3.4
2 1.7
. )
00 00 0.1 -
Head Tilt * Viewing Angle " Upper Arm Forearm Thigh Knee
(Forward) (Vertical) (Vertical) (Horiztonal)  (Horizontal) Angle
Figure 7. Average deviation from ideal postures as specified by

ergonomics guidelines from the 12-person user study.
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Figure 8. The average NASA-TLX scores from the 12-person user study.

Results

Accuracy

As shown in Figure 7, our prototype system improved overall
posture angles by 51.4% compared to the manual approach.
ANOVA analysis showed that the reduction of deviation of
the following 4 posture angles were statistically significant
(p < .05): viewing angle, upper arm, thigh, and knee angle.

Additionally, 83% of participants using our system were
able to meet all 6 posture guidelines to within a 10° margin,
compared to just 8.3% for the manual approach.
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Speed

Our current prototype used a combination of automatic desk
and monitor adjustments and guided manual adjustments of
the chair height and position. The average speed of adjustment
was 2.2 times faster compared to the manual approach (42.9
s vs. 93.6 s), and the improvement in speed was statistically
significant (p < .05).

Preference and Workload

All participants preferred ActiveErgo over the manual
approach. On a 7-point Likert scale, the average preference
rating was 5.8 (SD=0.72) vs. 3.75 (SD=1.22), and the Kruskal-
Wallis test showed the difference was statistically significant
(p <.05).

Figure 8 summarizes the average NASA Task Load Index
reported by the participants. The Kruskal-Wallis test indicated
significantly lower overall task load for our system (234.17
vs. 151.25, p <.05). Among the 6 individual subscales, the
task load was significantly lower for our system compared to
the manual approach for Mental, Physical, Temporal, Effort
subscales (p < .05).

DISCUSSION

Deviations during Actual Tasks

During our studies, the data for posture angle deviations was
collected in a lab-based setting. Although switching in real
tasks such as typing, mouse use and browsing would not cause
deviations in posture angles due to the same working keyboard
and mouse height in our system, we still have noticed that
being in a lab-based setting leads to increased self-awareness
of maintaining proper postures, and little deviations were
derived from proper postures after extended periods of actual
tasks. For future work, an extended field study would be
needed to observe the deviation from the initial postures.
We also envisioned active approaches supporting continuous
posture and activity monitoring for helping users maintain
ergonomic postures throughout the day.

Clothing Variety

For our evaluation, we did not specify participants on what
type of clothes to wear. Our participants during the study all
wore fitted clothing such as pants or shorts on their lower body
and flat-heeled shoes on their feet. However, loose-fitting
clothing such as long dresses and also high heels can affect the
accuracy of the body dimension measurements from the Kinect
sensor. To accommodate users’ wider clothing styles, we are
exploring techniques to better infer users’ body dimensions
from known furniture dimensions, and also expanding our
pixel-based measurements to more robustly detect actual joint
locations.

FUTURE WORK

Improved Skeletal Sensing and Full Automation

Our vision for ActiveErgo is for a user to walk up to a
workspace normally, and have the workspace automatically
adjust itself by the time the user sits down. However, there are
several technical limitations in our current prototype.
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First, our prototype currently requires users to perform two
specific postures for the Kinect SDK, in order to provide
skeletal measurements that were sufficiently accurate enough
for our needs. We are looking into developing custom
algorithms that can provide sufficiently accurate measurements
based on only normal walking and standing postures.

Second, our prototype still requires manual chair height and
position adjustments. While several participants commented
that it was too easy to overshoot the chair height adjustment,
requiring several back-and-forth adjustment, no participants
suggested automatic chair positioning. We are looking at
automating chair height adjustment, so that users can simply
walk up to the chair and sit down at the proper ergonomic
postures.

Activating Postures

Our current system is static in the sense that it stops making
adjustments once everything is properly configured. We would
like to explore using active furniture to actively encourage
users to switch to different postures. For example, raising and
lowering the desk periodically to encourage users to switch
between standing and sitting.

CONCLUSION

We present ActiveErgo, the first active approach to
improve ergonomics by providing automatic and personalized
ergonomics through a combination of sensing and self-
actuating workspaces. Our user study results demonstrated
that our prototype significantly improved users’ postures
and assisted more users in satisfying ergonomics guidelines.
ActiveErgo was also significantly faster (2.2x) than the manual
approach, and all participants preferred our system.
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