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Abstract—Musculoskeletal disorders (MSDs) have affected an
increasing number of people in the active generalgpulation. In
this perspective, we developed a measuring tool talg muscle
activities in certain regions of the body, standingposture taking
the center of pressure under the feet and feet pdisins. This tool
also comprises an instrumented helmet containing an
electroencephalogram (EEG) to measure brain actiwt and an
accelerometer reporting the movements of the headhen, our
tool comprises both non-invasive instrumented insel and safety
helmet. Moreover, the same tool measures musculactvities in
specific regions of the body using an electromyogna (EMG).
The aim is to combine all the data in order to idetify consistent
patterns between brain activity, postures, movemestand muscle
activity, and then, understand their connection to the
development of MSDs. This paper presents three sitions
reported to be a risk for MSDs and an analysis oftte signals is
presented in order to differentiate adequate or abarmal posture.

Keywords- Musculoskeletal disoders; posutre recognition; IMU;
Center of Pressure.

. INTRODUCTION

A great number of workers within industrialized otries
are affected, among which 27,1% in Norway, 33,7%th@
United Kingdom and 47,8% in Quebec [1]. New way$eédp
the comprehension of the underlying physiopathcklgi
mechanisms in the persistence of MSDs are emertfifts
therefore been shown that some lesions caused Dsh#ght

be associated with, among other symptoms, a cérebr

physiological signature specific to the lesion [2-4
Musculoskeletal disorders (MSDs) in the neck-sheuldrea
have accounted an increasing number of peoplearattive
general population. In fact, this number annuallgws at a
rate going from 10% to 50% [1]. Every year, betwé&&fb and
14,1% of employees do not go to work because df pai [1,
5]. This project suggests designing a new toolifgoroving
detection and prevention of MSD in real situation.

Besides, a lot of studies have clearly shown aifsignt
association between working in a standing positoal the
presence of MSDs [6, 7]. Indeed, articles writtbowt working
in this condition, show that the over-weight endui®y the
anatomical structures supporting the weight oflibdy could
in some way explain the outbreak of MSDs such asHback
pain [8, 9].
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It is clear that the first anatomical structuresgchitsupport
the weight of the body in a standing position dne feet.
Surprisingly, posture adjustments of feet have nbeen taken
into account in analysis in a real context of wakkcordingly,
a literary review have indicated that the majoritf
interventions at work remain insufficient in ordereliminate
MSDs [10], which is alarming. This could, howevie, linked
to the fact that very few data exist in order tttdreunderstand
the physiopathological mechanisms which might arptae
chronical aspect of these affections. In our wavg, precisely

tempted to include measurements like head movements

muscles activity (especially in the neck/shouldezay feet
positions (center of pressure) and movements, disasehe
worker’s posture to better understand those meshramni

Furthermore, recent studies have shown that MSBsarr
merely local affections at the affected area, ht tthese
lesions are coupled with a cerebral physiologidghature
specific to the lesion [2-4]. It has also been provthat
different tasks require different levels of cerékakert for an
optimal performance [11]. In fact, according to #mpirical
law of Yerkes-Dodson, while routine tasks are mealger by a
high alert level, complex tasks requiring a highevel of
meditation are carried out more efficiently at avéo alert
level. Also, different sources of pressure durihg &xecution
of a task (noise, pressure of time, etc.) requireadditional
cerebral effort to maintain attention on the tdskcontrary on
common idea that manual tasks are not require goriant
Berebral investment, new data in neuroscience  stiav
important implication of the brain in manual tagk®, 13]. All
these facts bring us to the question: to what éxtenebral
activity is linked to the muscular activity duritige execution
of tasks (movements) which may trigger off MSDs lehi
working in a standing position?

The aim of this paper it present our suggested tool for
MSDs preventionWith the collected data from this tool, we
wish to identify consistent patterns between brativities
such as suggested in our previous work [14], pestur
movements and muscles activity, and then, undetstaeir
connection to the development of MSDs. Formattdkr néed
to create these components, incorporating the cgipé
criteria that follow. Also, this paper shows prdtiary results
to differentiate inadequate postures in differeftuagions
related to the development of MSDs in a contextvoik in a
Flexible Manufacturing System.



II.  RELATED WORK an instrumented insole that gives information atlbetposition
Our tool integrates different sensors in order to@nd movement of the user’s foot, as well as hisypesand C)

characterize a potential progression of MSD. Theeefthis electromyograms connected to different muscles knec

section presents some application of those sensors. shoulder area) of the user’'s body to report hisalessactivity,

) ) o especially those in the neck/shoulder area.
Inertial Measurement Unit (combination of acceleetens,

gyroscopes and magnetometers) is widely used inomot o Instrumented safecy helmet
measurement and tracking [15], gait analysis [1®, ibertial Human worker . —
navigation and positioning [18-21] as a wearabletsm, and I~ “Hea 1 L luo

Rx/Tx

even in robotic system using artificial intelligenf22] as an (I 1 I
embedded component. Also, this sensor is used tectde | peua Muscle | IMU sensors
human activities (gesture recognition such as dependent I | movement am‘ms : Signal processing
hand gesture recognition [23] using a dynamic tinagping I I data fusion/
algorithm in order to differentiate each gesturd@hen, : Pl » i
knowing human gait in the posture analysis is apairtant : P st iy
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parameter. For this reason, we have included an Iivtidted
inside the insole.

EMG

Different parts of the body I,
(Neck/Shoulder area)

This sensor is also used for head motion recognidiod

. X . . . : — i) Inst ted insol
tracking for example in vehicle simulator [24]. Sen fusion L [rusdtesaeiviey ]—IZZMEIIDTE rom
is performed by a complementary Kalman filter toighethe e 1 !

gyroscopic angular rate and gravimetric tilt by elecometer. | g R N N o e :
This technology is exploited in personal risk assent in | i I pIC24

order to evaluate risk of falling [25, 26]. Our toalso (I i I
integrates IMU in the safety helmet in order tolgsia and (I on the insole : Force sensors ||
compute head tilt. Patterns recognition algoritham dhen [ Y N e

determine the human’s intention, and then computéslia
level. This risk level can be evaluated through dhalysis of
head motion parameters combined to feet centerexfspre,
and then by differentiation of abnormal posture.

Figure 1: Block diagram of the interactive system

A. The Instrumented Safety Helmet

The Safety Helmet system, illustrated in Fig. 2,ais
inexpensive, non-intrusive, non-invasive, and nisen-based
system. It contains an Inertial Measurement UrM) that
measures the moving object's acceleration, velpcapd
orientation, employing a combination of three semsasing
three axis measurements: 3DOF accelerometers, 3DOF

accidents and injuries [27]. For example, Chin-Tesgal. ~ 9Y'0SCOpes and 3DOF magn_etometers._The accelemmete
present a real-iime v[vire]less EEG-bpased brain-c%mput adopted is the ADXL345. The_ S|gngls acquired byIMH are
interface system using three EEG electrodes fowsiress Processed by a Kalman filter implemented in a PIC24
detection in vehicle applications. The reportedrage of Microcontroller. The aim is to evaluate human aingiy
precision and sensitivity achieve 76.9% and 88.7%lecognition especially head movements, translatithg
respectively [28]. Our tool uses reusable dry EB&teodes Mmovements of the neck/shoulder area. The electtovecd is
[29] since they make EEG signal acquisition congenhiand located inside the helmet. It represents the caonié af the
easy for real situation. For this reason, our focludes an artificial intelligence module.

EEG, however, this paper doesn’t present any refualtt this

device. Finally, our tool could use EMG as to measuauscle e LT el e

activity in the neck-shoulder area as suggest¢gl)in SEMETS AT

In industrial environment, repeated working act&st
noise level, and shift change affect the workerspdiggical
status, his or her state of mind and then possibsult in
fatigue, lapses of concentration, vigilance deglirend
sleepiness. These abnormal physiological statuseg&reown
as potential threats to the human health and factfr

The experiments that have been made with the prsvio
tools were made in laboratories within experimentaitrolled
conditions. In our project, we suggest to take measures in
a real context of work. We also suggest a methapoio
order to differentiate adequate from inadequate¢ypesvhich
is the main contribution.

The EEG
sensors housing

lll.  SUGGESTED TOOL FORMSD PREVENTION

The system, as represented in figure 1, contaiA¥:an
instrumented safety helmet (as presented previonsil4])
which recognizes the head gestures localizes #redusing his

occupation, and gives information about the braitivey, B)
Figure 2: Sectional drawing of the InstrumentedceSalflelmet



Two dry EEG electrodes are inserted on the fronthef
helmet to capture cerebral physiological signaistfe form of
beta waves), to measure the awakening and the mipaten
of the worker, as well as the eye blink relatedatigue. The
EEG electrodes are connected to the microcontreil@ran
amplifier circuit. Brainwave signals acquired ardert
processed in order to evaluate the worker's mestidb.

B. Neck/shoulder area electromyogram (EMG)

The EMG signals is amplified (1000x), filtered byand-
pass filter (20-250Hz), digitized at a samplingeraf 1000 Hz
and recorded with bipolar surface electrodes plagedthe
bilateral upper-trapeze and anterior deltoid mussciefore
recording EMG, isometric maximal voluntary contrans
(MVC) will be perform as a reference for each mescl

C. The Instrumented Insole

The instrumented insole, as shown in Fig. 3, costddur
force sensors connected to a PIC24 microcontroliéiese
sensors help us determining posture of the usey.ifidole has
been placed into a shoe. Besides, an acceleromageused in
order to get information about the foot gesturesves placed
into a housing attached with a clip to the outdesurface of
the shoe. The acceleration signal is provided bARXL335
connected to a PIC24 microcontroller.

Figure 3: Representation of the Instrumented Insole

IV. DETECTING INADEQUATE POSTURES

To achieve our objective, we need to take measafréise
worker’s posture while he’s performing his work. efh we
measure CoP and safety helmet orientation.

A. Measuring Posture from Center of Pressure (CoP)

The center of pressure (CoP) of the foot is a airtite of
the plantar surface. It represents an averageidocatf all
pressures acting on the foot at any given time3J3p-Several
CoP-based measures have been examined in numéudiess
[33, 34], the aims of these studies can vary freseasing and
understanding postural control during, for exampdgiet
stance or gait, to assessing influences or diffteremelated to
age, gender, environmental conditions, health stadtc. [35].
In our case, the aim is to measure the worker'supesTo
evaluate this latter we need to calculate the CoRguthe data
provided by the force sensors located in the ingDlee way
used to determine the CoP is by using the follovangation
[36]:
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wheren denotes the total number of sensodgnotes a certain
sensorX, Y;, are the coordinates of the senson the insole.
Our insole includes four FSR sensors (a minimum for
computing CoP).

B. Flexible manufacturing system (FMS)

The workstation is built around a Flexible manufaicty
system (FMS), including a Programmable Logic Cdtdro
(PLC) and a robot, as shown in Fig. 4. In this vepdce, we
can find other moving components such as a conyegor
distributor and a storage system.

S
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AN
Figure 4: 3D isometric view of the FMS for the highworkspace
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An automated assembly task is implemented in ouSHM
consists in assembling two different metallic p&c@he
assembly task proceeds as following: the distribptshes the
first piece "A" on the conveyor then capacitive awytical
sensors will determine the material that compobes piece
"A". After this operation, the robot will grab tleecond piece,
"B" on the second distributor, made of the sameenetthan
the first one "A". The operator has two main inttions in
this whole process: first, filling the distributorsith the
assembly pieces, and second, manage assembly byrahe
recuperation of the pieces. Those interventionsidccie
represented in three main situation shown in Fig. 5

Situation 1

Situation 3

Figure 5: Three situations for evaluating adeqaaie inadequate posture
for handling parts



In order to evaluate these three situations, thkRoasl test
the FMS eight (8) times.

V. RESULTS

To make our experiments, we focused on the firgt tf
the operator inside the FMS, which is filling thistdbutors.
We tried to take measures of the operator whilewas
carrying boxes of assembly pieces: taking them fram
conveyor, and putting them on the floor or on tih&S- There
is a specific posture that needs to be respectethéowork to
be done safely as shown in Fig. 5. Indeed, as thed
containing steal assembly pieces are quite heagy)eed to be
even more careful about the posture.
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Figure 6: Head orientation for each situation usheginstrumented safety
helmet
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Figure 7: Representation of the CoP with a linegression and the center
of mass (barycenter)

First, in Fig. 6, the acceleration signals (a congra of the
projection of the gravity vector; the value is degieg from
the sensor orientation) show a clear differencevéet each
adequate and inadequate posture. A threshold vahae a
quadratic curve fitting could be used in order iffedentiate
postures using the instrumented safety helmet., Heder to
maintain a certain clarity in the figures, onlydicurves are
displayed. Therefore, we need to evaluate the itmphdhe
posture using the instrumented insole.

One way Analysis of Variance (ANOVA) was performiad
order to compare the geometry of the CoP duringgeeution
of the three situations for adequate and inadeqpasiires. An
example of the CoP pattern is given in Fig. 7. @s figure,
we can see a linear regression of the CoP withrgceater.
Also, in an inadequate posture, an abnormal patteutd be
clearly identified. For this reason, an ANOVA arsidy was
performed using other statistic data such as kigrteariance
and RMS value in order to differentiate the abndnpadtern.

The ANOVAs result is reported as an F-statistichwis
associated degrees of freedom and its p-value. ftie
hypothesid, is that all the means of the CoP distribution (Fig
7) is similar. Given that the null hypothesis igeoted if F>
Fuiica at the 0.05 level of significance, the computest te
statisticF in our work is:

F=4.5 (variance in X axis in 1)+0.0490.05,

F =8.95 (kurtosis in Y axis in 2)=0.00860.05 and

F =9.14 (kurtosis in Y axis in 3)=0.01280.05,

which is more thanFgj;.; for situation 1, 2 and 3
respectively. This analysis of variance, given ig. B, leads to
the conclusion that there has a significant effetzted to the
inadequate posture. Those results combined with 6-icpuld
increase algorithm robustness.

VI. CONCLUSION

In this paper, we suggest a new tool for evalualt8Ds
development. We specifically present results froathbthe
instrumented insole and safety helmet to assesfednmte
posture which can lead to MSD. This tool gives hus head
position and the CoP under the foot. The threeastns
described in this paper could be differentiate gighese data.
In future works, the ANOVA analysis will be usedr fthe
design of a pattern recognition algorithm impleneenin our
medical electronic record.
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