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Modern societies are dominated by computer-based work. As a result, people tend to be seated for most of their working
life. Prolonged sedentariness is known to significantly increase the risk of developing unwanted conditions. This paper
presents the development of a rule-based expert system module using CLIPS that provides ergonomic assessment. The
system was validated by evaluating pre-recorded user logs from real-life office environments. The tests showed that the
system is able to perform the required basic assessment functionality, thus, the implementation of more complex features

to advance its development is viable.
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1. Introduction

Civilization-related diseases have become more
widespread over time, although small improvements to
our lifestyle could effectively reduce both their severity
and number of sufferers. As adults spend a significant
proportion of time working, which for the vast majority
involves sitting in front of a computer [1], under what
conditions this time is spent is very much relevant.
Thanks to tools of Information Technology and er-
gonomics experts, it is possible to provide automated so-
lutions, in terms of monitoring and assessing user be-
haviour, to help more employees avoid the adoption of
undesirable and harmful postures whilst at work. Re-
search has already shown that providing such real-time
feedback to users can promote this, thus, reducing the im-
pact of related negative effects [2, 3]. But in these cases,
wearable sensors were used to track user motion, which
can be considered problematic to be applied in real life
applications. A possible solution to this might be Mi-
crosoft’s Kinect sensor [4] that, being a good value-for-
money motion capture device, has already been used in
similar cases [5, 6]. In spite of this, just as in numer-
ous other papers that concern work-related assessment
[7-10], considerably more focus is placed on manual
labour where “blue-collar workers™ are subject to phys-
ically demanding conditions (e.g. production lines, agri-
cultural or construction work, etc.). Even though these
fields are of equal importance, such conditions cannot
be applied to office environments, where “white-” and

*Correspondence: benedek.szakonyi@virt.uni-pannon.hu

“pink-collar workers” spend most of their time, as here
the majority of problems does not originate from incor-
rect movement (e.g. bad techniques when lifting heavy
items) but rather from the (utter) lack of movement itself
and prolonged sedentariness.

The aim of this research was to develop an expert sys-
tem module for ergonomic assessment (based on a previ-
ously created Lifestyle Coach Framework [11] as shown
in Fig. 1 with an emphasis placed on the formulated work
ergonomics-based rule set, and to investigate if such a
system is capable of properly evaluating user behaviour
in office environments.

2. [Experimental

2.1 The Framework used

The Lifestyle Coach Framework used in the develop-
ment process is a rule-based expert system framework
using CLIPS (C Language Integrated Production System)
[12]. The main reason for using a rule-based solution (in-
stead of neural networks, fuzzy logic, etc.) is the fact
that most healthcare experts can express their knowledge
using simple IF-THEN-like statements, which is exactly
how rule-based systems work.

The CLIPS runtime is responsible for providing the
basic functionality of evaluating the current state of the
system and deducing the most suitable response and re-
actions. The statements that describe the current state and
different events are called facts, while rules convey the
relevant information concerning what actions to take in
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Figure 1: The components of the framework used.

the event (or absence) of such facts, in the form of “sim-
ple” IF-THEN expressions. The majority of these compo-
nents are neither predefined nor hardcoded in the frame-
work itself (except for those that are automatically gener-
ated) but are to be defined in light of the specific topic and
task at hand in the form of a rule set. Hence the frame-
work can be applied in different fields as long as the prob-
lem is interpretable as the evaluation of a log of succes-
sive events. These events are transmitted to the system via
the Protobuf Interface (that uses Google Protobuf [13]),
which also serves as a tool to receive the corresponding
responses. The messages of which can be categorized into
two types, namely control and event. The former is used
to manage the expert system itself, e.g. to signal that a
unit of time has passed and re-evaluation of the state of
the system should be commenced. The latter serves as a
way of inserting new facts (incoming data) and handling
consequences (outgoing reactions). How such messages
are interpreted and forwarded is the responsibility of the
Event Dispatcher. Apart from bridging the gap between
the interface and CLIPS runtime, it is also connected to
a database that is used to initialize (i.e. it stores the rule-
base used), record system behaviour and act as a backup
should anything fail.

2.2 Work Ergonomics

To create the rule base required for ergonomic evaluation,
methods used to estimate the risks of developing Muscu-
loskeletal Disorders (MSDs) were analysed, with the help
of ergonomics experts. The most popular and widely ac-
cepted tools used for such tasks are RULA (Rapid Upper
Limb Assessment) [14], REBA (Rapid Entire Body As-
sessment) [15], OWAS (Ovako Working Posture Analy-
sis System) [16] and HARM (Hand Arm Risk-assessment
Method) [17].

RULA applies a scoring method for measuring the
physical load that workers are subjected to when adopting
specific postures by taking into consideration six main
body regions: neck, trunk, legs, upper arms, forearms and
wrists. REBA works in a similar fashion by using scores
but takes into consideration the whole body when such
postures are adopted. OWAS uses a 4-digit score for each
posture where the digits describe the back, arms, legs and
load. HARM accounts for the head, neck, arms and wrists

as well as the forces that are applied and the duration over
which each posture is adopted. However, these methods
cannot be used directly for the matter at hand as originally
none of them were intended to be used in regular office
environments: RULA was developed to assess work in
the textile industry, REBA in healthcare, OWAS in the
steel industry, and HARM in hand-intensive professions
(e.g. barbers, product assembly/disassembly, woodwork,
etc.).

Based on these tools, a basic method of postural as-
sessment was derived as presented in Table 1. It is im-
portant to note that when subject to these constraints, the
values used were chosen as initial limits as a proof of
concept in light of the fact that they may need to be up-
dated. For each body part, the relevant axes of movement
were selected and for each axis, ranges were defined. A
range can be characterised into three types: appropriate,
incorrect and harmful. Appropriate ranges define the de-
sired position the user should take, while harmful ones
represent postures that should be avoided or even prohib-
ited. Incorrect ones fall somewhere between the other two
categories, when, as far as is feasible, a posture should be
prevented since it is considered unhealthy, however, when
adopted for short intervals of time it is still acceptable.
For the ranges of the inappropriate postures, a frequency
is given, that describes that in one work hour, how much
time spent in them (in total) is still considered as tolera-
ble.

Apart from evaluating specific body parts based on
their position, the time the user spends sitting was also
selected to be taken into account, as a general aspect.

2.3 Rule-base Formulation

The formulation of the constraints introduced in Table
1 that are applied to a CLIPS-based rule set could have
been determined using numerous different approaches.
The one that was selected, builds on the fact that the im-
plementation of these aspects has the same general struc-
ture:

1. there are numerical measurement values to be eval-
uated over each time interval

2. there is a constraint that the measured values are
compared to when evaluated

3. there is a frequency that, if exceeded, should trigger
a warning to be sent.

Therefore, instead of creating multiple rules for each
aspect, one main rule can be defined and applied during
the evaluation which can make use of an “aspect tem-
plate” to check if the related conditions have been ad-
hered to or not. To achieve this, as rules in CLIPS are gov-
erned by facts, the aspects are to be in the form of facts.
In Fig. 2 the template used for defining aspects is shown.
The aspect_type serves as a name/identifier for the aspect,
while measurement_type defines which measurements
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Table 1: The advised constraints to be used in the formu-
lated rule base. For each body part, separate ranges were
used for the different planes of movement. The acceptable
duration within each range was defined (as % of 1 working
hour).

Body part Axis Range Frequency
<0 < 20%
. 0< <10
Sagital 0 30 <40%
30 < < 20%
< %10
Head/neck o ivontal 410 < < 430 < 40%
+30 < < 20%
<15
Frontal +h < < =£10 < 40%
+10 < < 20%
<0 < 40%
. 0< <15
Sagital 5 o5 <40%
25 < < 20%
Trunk . <+
Horizontal +H < <£10 < 40%
+10 < < 20%
< +5
Frontal +h < < =*10 < 40%
+10 < < 20%
< -10 < 20%
-10< <0 < 40%
Sagittal 0< <10
Upper arm 10< <45 < 40%
45 < < 20%
<10
Frontal 100< <20 < 40%
20 < < 20%
< 60 < 20%
60 < <80 < 40%
Forearm Sagittal 80 < < 100
100 < <110 < 40%
110 < < 20%

should be inspected. In spite of some axes, where ranges
of constraints are “evenly distributed” or “symmetrical”
(e.g. head frontal, trunk sagittal), the relation between the
measured data and the constraint must be provided in the
constraint_type template, as for other cases, the ranges
are “uneven”. This type can be either smaller than or
equal to, or greater than or equal to, followed by the value
to use in the value_constraint. The horizon_minute slot is
used to determine the duration of measurement that is to
be examined (e.g. the last 60 minutes). As cases may oc-
cur when, despite being warned, users continue to follow
their unhealthy lifestyle, a feature that permits repeated
warnings of increasing severity (or even more extensive
interventions such as turning off the computer screen)
could be useful. In the logic developed, checking whether
the user has taken the advice given or not is considered to
takes less time than the original evaluation interval (this
will have an impact on the main evaluating rule, that is de-
tailed later on). With regard to this feature, apart from the
first_occurrence_constraint that corresponds to the fre-
quency in Table 1 and the first_reaction_event_code that
defines what actions to take if the limit has been reached,

(deftemplateaspect_to_monitor
(slot aspect_type (type SYMBOL)(default 7NONE))
(slot measurement_type (type SYMBOL)(default 7NONE))
(slot constraint_type (type SYMBOL)(default ’NONE))
(slot value_constraint (type NUMBER)(default ’NONE))
(slot horizon_minute (type NUMBER)(default ?NONE))
(slot first_occurrence_constraint (type NUMBER)(default ?NONE))
(slot first_reaction_event_code (type NUMBER)(default ’NONE))
(slot repeated_occurrence_constraint (type NUMBER))
(slot repeated_reaction_event_code (type NUMBER))
(slot repeated_feedback_horizon (type NUMBER))

Figure 2: The CLIPS fact template used for describing the
structure of ergonomic aspects.

optional repeated_ slots can be used for this purpose in
the template.

As the evaluating CLIPS rule is lengthy, only a short
explanation of the logic behind it is provided here. Over
each evaluation interval, the number of measurements
that exceed the given constraints during the correspond-
ing time horizon is counted, and if this value is above the
acceptable limit, a request to send feedback is made and
the related measurements are labelled as evaluated (ac-
cording to the current aspect). If only a few “bad” mea-
surements are identified, the evaluation is considered to
be finished, unless repeated feedback is received with re-
gard to the current aspect. In that case, it must be de-
termined if a “first feedback™ was given recently, and if
it was, the number of measurements that exceed the limit
must be compared to the occurrence constraint of the sec-
ond feedback. If this is exceeded, a second feedback is
sent.

2.4 Experiments for Rule-base Validation

As the aim of the research was to provide feedback for
users concerning their postures by using a rule base con-
sisting of ergonomic rules, a method for recording and
identifying their postures was needed. To accomplish
this, a Microsoft Kinect v2 sensor was used. As it is an
easy-to-use and relatively small device, it was possible to
insert it into the real working setups of the willing par-
ticipants, with only slight modifications in their environ-
ments. The general setup that was created for all users
was the following: each user was seated at a desk with a
personal computer that consisted of 1 or 3 displays, a key-
board, a mouse and a landline telephone. The sensor was
placed on a tripod behind and slightly above the “main”
screen (i.e. the one in front of the user). The Kinect was
tilted forward in order to ensure as much of the partic-
ipant as possible was in view (from the top of the head
down to the waist/hips).

Users were monitored according to two different “be-
haviour modes”, one being general “everyday” attitude
where they completed their daily computer-based tasks
as usual. As this inherently meant that users might have
had to leave their desks, long measurement sessions were
recorded (up to 8 hours in duration) where logging was
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suspended once the absence of the participant was de-
tected until their return, when it was resumed (such
“gaps”, of course, were then taken into account as part
of the evaluation). In the other “mode”, where consid-
erably shorter measurement intervals were used in order
to ensure sessions that definitely consisted of unsuitable
behaviour, the users were asked to adopt some evidently
inappropriate postures.

As the framework used offers a customisable time
unit for defining when an interval stops (i.e. it can last for
an hour, a minute, a second, etc.), it was possible to load
and evaluate the logs gathered using this method quickly.

3. Results and Discussion

Based on the evaluation method suggested by the er-
gonomist experts, a total of 11 aspects have been formu-
lated (by using 34 facts), 9 for the positions of the body
parts (one for each axis using the constraints shown in
Table 1) and 2 regarding sedentariness, where the accept-
able duration of continuous sitting was chosen to not ex-
ceed 60 minutes (the first aspect was related to sending a
warning once this limit had been reached, the second was
used to alert when a participant had been sitting continu-
ously for 3 hours).

Subsequently the recorded user logs were evaluated,
for the majority of aspects used (10 out of 11) the ex-
pected functionality was achieved. However, in the case
of the facts responsible for assessing head positions, con-
siderably more warnings were sent by the system than
was acceptable. As for manually created input (simulated
user postures), this behaviour had not emerged again, ex-
amination of the monitoring software developed have be-
gun. Upon inspection of the logs created, it was found
that this error was a result of improper calibration: the
inaccuracy of the sensor itself was higher than antici-
pated and the distortions that resulted meant that even
when the user evidently adopted a suitable posture, the
logged value exceeded the threshold defined as accept-
able. Based on this information, the related constraints
were adjusted accordingly and this undesirable behaviour
of the system was successfully removed. This source of
inconvenience, however, highlights the possible sensitiv-
ity and dependency of the system, i.e. the reliability of the
measurement data received. Still, its significance might
be diminished by utilizing methods developed for im-
proving the accuracy and error tolerance of Kinect, such
as the ones proposed in [18-20].

In general, it can be said that the system developed
and the initial rule set created are capable of providing
the required functionality. However, there is still room
for improvement as the constraints involved could be
fine-tuned and additional or more precise aspects imple-
mented. Moreover, a more complex system capable of
adapting to user behaviour could also be created, the main
goal of which would be to assist users, without being too
rigorous or repetitive, by changing how frequently and in
what manner its responses are displayed. This could help

to maintain the motivation of workers to break bad habits
concerning improper postures whilst seated.

Even though the number of participants in the ex-
periments conducted was sufficient to validate the ini-
tial version of the expert system, further investigations
with considerably larger user groups are desirable as
they would provide a more thorough validation and may
yield additional insight into what other aspects the sys-
tem could provide assistance to users. Additionally, while
the recording sessions, on average of 5-6 hours in dura-
tion, implemented so far have been useful, by extending
these to a few days or even a couple of weeks, more com-
plex behavioural patterns could be identified and anal-
ysed. Furthermore, by providing real-time assessment
over much longer periods, the effects caused by this inter-
vention could be investigated and subsequently the meth-
ods used to assist users improved.

Nevertheless, from the results that have already been
logged, it can be clearly seen that the global tendency
of users to be seated for longer periods of time than is
advisable was also exhibited by the cases investigated.
Most participants reported that over such prolonged ses-
sions whilst seated, a need to change position is common,
however, usually a better alternative cannot be found.
A solution to this problem could be to provide workers
with electric height adjustable desks, which may facili-
tate the ability to switch easily between sitting and stand-
ing working postures and customise the height of desks
to match the anthropometric features of the individual.
Moreover, such furniture could enable the expert system
itself to “take action”, when needed, to raise the desk
when users fail to heed previous warnings.

It should be noted that, when asked, most of the par-
ticipants considered such a monitoring and assessment
system to be useful, however, some, while welcoming
the idea of an adjustable desk, expressed concerns about
personal security and were reluctant to be “continuously
monitored”. This reveals that if such a system enters the
market, apart from providing the necessary security mea-
sures, assuring users that their personal data is safe would
also be necessary.

4. Conclusion

In this research a proof-of-concept CLIPS-based rule-
base for an expert system was created to facilitate er-
gonomic evaluation of users in office environments. It
has been shown that such a system is capable of thor-
oughly evaluating user behaviour, thus, implementing in-
terventions in order to decrease the negative effects of
prolonged sedentariness.
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