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Abstract — In this contribution, a new system allowing
physical training while accomplishing desk work is presented
for the first time. Obesity is a widespread disease in western
industrialized countries, as there are more and more desk jobs
requiring little or no physical effort. There are solutions on the
market today consisting in devices to put under the desk which
allow cycling. The presented system integrates both a bicycle
ergometer and a PC work desk. It simplifies keeping a chosen
cycling pace without distracting from work by controlling the
connection between PC and screen based on the physical
performance. Thus, it works independently from the chosen
operating system and without additional software installation.
Both, system concept and realization are presented.

I. INTRODUCTION

IN the western industrialized countries adiposity or obesity
is a widespread disease. The World Health Organisation
(WHO) considers it to be a chronic illness. In Germany, in
2006, 66% of the male and 51% of the female population
between 18 and 80 years was obese [1]. In most cases, the
reasons for this are lack of movement and unhealthy diets.
To define obesity, the body mass index (BMI) is used: a
BMI higher than 25 Kg/m2 defines overweight and a BMI
higher than 30 Kg/m2 defines obesity. Obesity is a decisive
cause for a variety of chronic illnesses, including Type 2
diabetes mellitus and cardiovascular diseases [1]. For this
reason, it is important to start a therapy against obesity at an
early stage. Therapeutic measures include diets but also
increasing the daily physical activity and thus the daily
energy expenditure. One starting point to increase the daily
physical activity is provided by the work place, as the bigger
part of the employees in Germany or western countries carry
out their work at a desk. So called work desk sport devices
could help office workers to be physically active during their
work time and thus achieve a high daily physical activity.
After a state of the art overview about work desk sport
devices and a task description, this paper will describe a
concept for a new office desk sports system which simplifies
coupling the work and physical activity. The built prototype
will then be presented with its main characteristics.
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A. State of the art in work desk sport devices.

Although there are many work place exercise programs
and research work developing devices which aim at
increasing the physical activity amount during the day, there
are few systems designed to allow working and doing
physical exercises at the same time. In the following,
systems in development will be presented as well as studies
carried out in order to examine the effect of work desk sports
on work task performance.

A desk allowing standing and walking while performing
office work has been presented in [2]. It stands on four
wheels and consists of an H-shaped steel frame with an acryl
glass back plane. It has movable surfaces on which display,
keyboard and mouse can be placed. It also offers surfaces for
personal things and a fixation for a PC. It can be moved onto
a commercially available treadmill or used with an office
chair. It was tested with 15 overweight subjects and showed
a considerable increase in expended energy (119 kcal/h)
when working while walking compared to working while
sitting. Using the device to walk and work for 2-3 hours a
day could lead to lose 20-30 Kg of body mass within one
year.

In another work, a similar place of work for walking while
working was created. It bases on a treadmill, selected for its
quiet operation mode, and modified to fit a standard place of
work [3]. Nurses, clinical assistants and secretaries were
chosen as specific target groups here. The device was tested
with 25 subjects. The evaluation did not base on calorimetry,
but on step counters and questionnaires. The step counting
showed that the test subjects reached 1.5 to 2 times their
daily step amount and thus increased their fitness level and
energy expenditure. The questionnaires showed a good
acceptance of the devices among the staff.

There are also several patents describing places of work
with integrated treadmills [4][5][6]. Their common scope is
to increase the energy expenditure at the work place in obese
people and minimize negative influences on work task
performance.

A system following a similar scope is presented in [7].
The system consists in a commercially available stepper
with hydraulic pistons. In the stepper, accelerometer and
evaluation electronics are integrated. The system can be
plugged into a computer via USB and thus allows employees
to oversee their own training. Both underweight and
overweight sitting employees were defined as the target
group here. The system was tested on 9 underweight and 10
overweight subjects. It was shown that there is a direct



relation between walking speeds. The absolute energy
expenditure is generally higher in overweight than in
underweight people. On the contrary, when related to the
body mass, the energy expenditure is higher in underweight
people.

A third option for training and working is posed by
bicycle ergometers. Here, a work place is modified in order
to allow working and cycling at the same time. In [8] the
three options of standing, walking or cycling while working
were also analysed in respect to the resulting loss in task
performance. Indicators such as amount of typing errors,
mouse work accuracy and combined mouse-keyboard work
performance were considered. Tests on 60 subjects showed
that cycling lead to a smaller performance loss compared to
waking and is, in some aspects, even preferred to standing.
Also, the results varied depending on the walking or cycling
speed. Another study with n=20 subjects comparing walking
and sitting found a slightly lower performance loss [9].

An overview of the presented systems and their main

TABLE I
COMPARISON OF STATE OF THE ART IN WORK DESK SPORT DEVICES
EXPENDED SELF-
DEVICE ACTIVITY TYPE ENERGY MONITORING
INCREASE FUNCTION
2] Walking 119 kcal/h n.a.
[3] Walking 100 kcal/h n.a.
[7] Stepping 289 kcal/h PC Software
[8] Standing n.a. n.a.

characteristics is given in Table I.

Table II gives an overview of the decrease in work speed
and increase in work errors during various activities
determined in [8].

Summing up, the ability to work and do sports at the same
time was well accepted in all the given systems. The lowest
error rate increase and work speed decrease in respect to
working in the sitting position was found in cycling.
However, only one system allowing cycling was found and
this system did not allow any user feedback for self-
monitoring or any way to keep track of the training progress.
Also, in most cases a modified table is put onto a
commercial sport device and no integrated system is
presented.

B. Task description

The goal of the presented project is to develop an
integrated system which allows working on a computer
while cycling at the same time. It should offer a connection

TABLE II
COMPARISON OF WORK SPEED AND WORK ERROR CHANGES FOR VARIOUS
ACTIVITIES* [8]

ACTIVITY TS TE MS ME KMS KME
TYPE
Walking 3 3 -4 +106 -5 0
Cycling 3 +07 -5 461 3 0
Standing 0 0 0 0 0 0

* Compared to sitting, in %. TS= Typing speed. TE=Typing erros.
MS=Mouse speed. ME=Mouse errors. KMS=Combined keyboard/mouse
speed. KME=Combined Keyboard/mouse erros.

to the computer in order to couple the work and training
activity and to track the user progress and automate keeping
the right pace and pauses. It should also be usable regardless
of the operating system running on the user’s computer. It
should be safe and intuitive to use, i.e. the system must be
able to be used instantly and give the user the ability to
personalize or change parameters later.

II. SYSTEM CONCEPT

A. Static system concept description

The presented office desk sports system corresponds to a
work station comprehending a seat, a desktop, a computer
mount, peripheral devices and a computer screen. It could
also be conceived as an add-on to an existing work station,
but for the sake of completeness the whole work station will
be described.

The modification consists in using a bicycle ergometer
instead of a seat. A system overview is given in Fig. 1. The
bicycle ergometer comes with a hall sensor for detection of
every full turn. The desktop is attached onto the bicycle
ergometer. The system’s core components are a module
capable of interrupting the video connection between
computer and screen and a user interface box allowing the
user to monitor its training status and advancement as well
as modify system parameters. The box has a display for
information output and four buttons (one central button and
three soft keys on top of the box) for user interaction.

B. Dynamic system concept description

In this section, the processes running inside the system are
described. An overview is given in Fig. 2.

The system starts in training mode on the first detection of
a full turn by the hall sensor. Every time a new full turn is
detected, the data processing microcontroller within the user
interface box calculates the current cadence iCadFreq. It is
then shown on the user interface’s display. According to a
defined cadence interval, which is considered and set as
optimal, the system interrupts or restores the connection
between computer and computer screen. This way, every
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Fig. 1 Description of the office desk sports system’s parts and
interfaces.



time the user leaves the optimal cadence interval for a higher
or lower cadence, the signal is interrupted and an advice to
pedal faster or slower is shown on the user interface’s
display. The optimal cadence interval is considered as the
interval which allows to exercise, but does not distract too
much from the work task. It can be set by the user according
to his preferences. The minimum cadence iCadFregMin
can be set between 10/min and 100/min, while the maximum
cadence can be set between a value of 5/min over the
minimum cadence and 120/min. Both values can be set in
steps of 1/min.

At the end of a given training time within the optimal
cadence interval the system switches from training mode to
pause mode. In this mode, the connection between computer
and computer screen is always on, even if the user is not
cycling. After a given pause time elapsed, the system enters
training mode again. The training time and the pause time
can also be set by the user according to his preferences. The
training time can be set from 5Smin to lh in steps of Smin,
while the pause time can be set from 15min to 4h in steps of
15min.

Activating the buttons on the user interface box, it is
possible to change the preferences or to view training
statistics (usage duration, time spent within the optimal
cadence interval, time spent outside the optimal cadence
interval) at any time in any system mode.

As mentioned above, the cadence calculation and cadence
interval check is done monitoring the hall sensor’s output.
When a rising and falling edge is detected, the new cadence
is calculated. The time elapsed since the last rising and
falling edge cTimeCad is used. This counter is risen by one

every 10ms. The cadence in 1/min is thus calculated as:
6000

cTimeCad

iCadFreq = )
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Fig. 2 Description of the office desk sports system’s processes.
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Of course, even when the user pedals slower or stops to
pedal at all, it must be checked regularly whether the
cadence is dropping below the minimum cadence, even if no
full turn event is being detected by the hall sensor. Thus, at
the end of each cycle, the following check is performed
additionally:

cTimeCad > 6000

—— = iCadFreq =0 (2)
iCadFreqMin

When this happens, the next cadence interval check will
detect a low cadence, interrupt the connection between
computer and computer display and issue an advice to pedal
faster.

III. SYSTEM PROTOTYPE

A. Materials and methods

The office desk sports system prototype (see Fig. 3) was
built based on a bicycle ergometer model “Montreux”
(Buffalo Fitness & Sports GmbH, Werneck, Germany). At
the base of the attachment for its training computer, a
standing desk “ERGO” (Menger GmbH, Bad Endbach-
Hartenrod, Germany) is installed. The training computer and
its support stand have been removed. Instead, a switch box
containing the video signal switch components has been
installed.

The switch box features a VESA holding for a mini
computer as well as USB and video connectors for it.
Shaped elements for cable management are also provided.
Two variants have been built, one with a VGA and one with
a DVI-D switch.

The user interface box is designed to be placed onto the

Fig. 3 Office desk sports system prototype. Upper left: Overview.
Upper right: switch box with VESA mount detail. Middle right: usage
example. Bottom: user interface box detail.



desktop. It is connected to the switch box by a cable for
power supply, for the switching signal and for passing
through the hall sensor signal, which was originally
connected to the training computer and now enters the
switch box. The power supply originates from one of the
mini computer’s USB plugs.

Data processing, graphical user interface generation and
detection of user input takes place inside the user interface
box. The microcontroller used is an AtMega2561 (Atmel
Corporation, San José, USA). Connected to its digital input
and outputs are the hall sensor, the buttons on the user
interface box and the video connection switch’s controls.
Connected to its serial interface is the user interface display.
It is a TFT display with a diagonal size of 53mm able to
display 65536 colors and with a resolution of 176x132 pixel,
model D012 (Speed IT up, Willich, Germany). The whole
user interface box can be residue-freely fastened and
released from the desktop due to a micro vacuum foil
installed on its bottom side.

B. Graphical user interface

The graphical user interface informs the user about the
system status and allows changing user specific parameters.
The standard view shows qualitatively the current cadence in
a bar chart in its right half. The bar assumes a yellow color
when the cadence is within the upper and lower quarter of
the optimal cadence interval and a green color else. In its left
half, it shows the elapsed training time and how much
training time is left before the next pause. In the menu, the
user can change training time, pause time as well as
minimum and maximum cadence. The interface is
implemented as finite state machine, of which the graph is
shown in Fig. 4.

IV. CONCLUSION

A new office desk sports system has been presented for
the first time. Based on the given state of the art, it has been
assessed that the exercise activity which leads to less
performance loss in the desk work is cycling.

The presented system offers a work desk with integrated
cycling opportunity. The system has the advantages of
coupling the work activity with the exercise activity in order
to make sure that the user cycles within a given, optimal
cadence interval. Additionally it features a user interface box
which can be placed on the desktop and which allows the
user to see his training status and to change system
parameters like cadence interval, training time and pause
time according to his preferences. The system interface with
the computer and the user interface design allow the system
to be used independently from any operating system and
without installing additional software on the work computer.

As future work, it is planned to evaluate the changes in
work performance for different task types and the system
acceptance both for office workers and for students using the
system as public workstation within the university.
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