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Abstract. Details of a platform for the rehabilitation of people with severe bal-
ance impairment are discussed in the paper. Based upon a commercially available
static parapodium, modified to fit force sensors, this device is designed to give a
new, safe tool to physiotherapists. It is designed for the patients who cannot main-
tain equilibrium during a bipedal stance and need to hold to or lean on something
during the rehabilitation. Visual, real-time information about weight distribution
between left and right leg as well as the information about the force applied to
the pillows supporting the patient's body is provided to the patient with help of a
LED display. The control system allows registering forces applied by the patient
to the device and analyze them after the therapy. The results of a preliminary
evaluation of the device are presented in the paper with four healthy and one
Cerebral Palsy ataxic participants. Two exercise scenarios are tested showing sig-
nificant dependence between balance impairment and compensatory forces
measured by the device, as well as a notable difference in how the subject strives
for better results if the visual feedback is provided.

Keywords: Robotic Rehabilitation, Balance Training, Visual Biofeedback, Bio-
medical Electronics, Balance Impairment.

1 Introduction

Free body movements, walking and finally, locomotion gives the feeling of independ-
ence and personal safety. Diminished ability to achieve or maintain standing posture
has a direct impact on general Activities of Daily Living (ADL) [1, 2] and increase the
risk of falling [3—6]. It has also significant developmental and sociological conse-
quences to an impaired person as well as to the family [1, 7, 8].

Cooperation of nervous, muscular, skeletal and fascia systems together with devel-
oped integrity of reactions, reflexes, tonus, acquired sensory system information as well
as the intellectual, emotional and social capacity, determines the ability to execute free
body movements and maintain equilibrium [9, 10]. Impaired balance is thus common
among patients with neurological damage like Cerebrovascular Accidents (stroke) [8,
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11-13], Traumatic Brain Injuries (TBI) [14], Spin@brd Injuries (SCI) [15], Cerebral
Palsy (CP) [7, 8], Parkinson's Disease (PD) [4,a&] Multiple Sclerosis (MS) [3].

In many cases, the necessity to use rehabilitaiidsm emerge. Moreover, assistance
from a third-person often becomes inevitable whealidg with everyday tasks as well
as during the therapy sessions. Physical theraptsigng with balance impaired indi-
viduals have a highly demanding job being physjcaNolved in exercises. Their goal
is usually, to assist the patient in achieving gie&l position. This necessity comes
from many advantages of keeping the upright bodytjpm [17, 18]. Training sessions
can include extensive physical exercises duringckvlda patient may burden their
weight onto an assisting person at any moment.ifteasity and duration of training
sessions, therefore, have to consider the phystieaigth and endurance of a therapist.
This limitation applies to any person assistingghtent. During everyday tasks, those
are often parents, who are not necessarily tramedphysically prepared to bear the
weight of their child as it gets older. As a respkople with severe balance deficits
often end up in a wheelchair. The willingness tereise in the standing position thus
may fade as the main short term goal of locomotioachieved. Ultimately, almost
40% of the untreated Dystonia patients and 24%efrjured spinal cord patients use
a wheelchair [8]. In the case of Cerebral Palsys teported that 29% and 41% of
patients use a wheelchair indoors and outdoorsotisply [19]. As much as 90% of
patients using a wheelchair are classified at I€&veV of the Gross Motor Function
Classification System (GMFCS) [19, 20].

Verticalization exercises are beneficial if a siagdposture is maintained for 30
minutes to 4 hours a day [17, 21]. Martinsson aimdrikkelmann ([22]) reported positive
physical outcomes when patients maintained thedstgnposture for 60 up to 90
minutes a day. They also found no positive effe€tstaying in a vertical position for
less than 30 minutes a day. In another study, Btgridr not less than 7.5 hours a week
was beneficial for the patients' health [14].

For a mildly affected patient this amount of tingeaichievable, but to lessen the
boredom of repetitive, long-lasting exercises nwuserrehabilitation aids targeting bal-
ance disorders have been developed. Interactiveateghallenge patients with various
means and are meant to diversify training sesg@®s25]. Often force platforms are
introduced to make rehabilitation exercises momaeiive to patients, thus maximize
the time spent in training sessions [26, 27]. RégarNintendo Wii Fit has been widely
offered as a low budget, weight-bearing assessarghexercise tool [28]. It provides
a balance performance monitoring with visual anditawy feedback. Low cost and
high availability of the platform makes it an irgsting choice for therapists but some
studies show, that not all patients can profit fithis system [29, 30].

The free-standing exercises are not suitable ifptitéent is reluctant to an activity
that exerts a risk of falling or an injury. Patiemiith severe balance disorders (GMFCS
I1I-1V) and those who cannot keep an erect posadrall (GMFCS V) may need con-
stant support of their trunk. For those patientsjght-relieving or side-supporting
frames and harness-like systems (parapodium, v&lleee available. Parapodium is
usually a modular frame with a wide base. Its fiomcis to support a patient in an
upright position by various elements of the devidee parapodia can be of two kinds:
static parapodium, which stabilizes the body ofgghéient in an upright position, and
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can provide support in the chest, hip, lumbar areklareas, or a dynamic parapodium,
which stabilizes a patient’s body while allowingedio move around. This device is not
suitable for gait training though, because the mmaet of the device is achieved
through a side to side rocking movement, which dmesespond to a correct walking
pattern. Active forms of work with a patient helgright in a parapodium usually focus
on activating patients' manual and cognitive skitlss possible because a parapodium
allows the patient to free their arms from suppagrtihe body, while in most cases,
simultaneously blocking their legs. A similar devis a walker. The patient strapped
into the walker may move around on his feet beialgl lupright. Unfortunately, there
are no strong arguments to back the thesis, thatising with the use of walkers al-
lows to minimize coordination dysfunction, whichturn would allow the patient to be
able to retain their balance without the help aisting devices [31, 32].

The fact, that losing equilibrium may happen at amment during training sessions
or any other activity often narrows the rehabii@atto passively standing in parapo-
dium. Quickly it becomes boring and annoying, esilcif the patient has to keep the
stance every day for over 30minutes. There are arigw rehabilitation tools for sta-
bility assessment and enhancement available fqratients who need assisting devices
to maintain an upright position.

An example of a commercially available device amgwgethis need is a static-dy-
namic parapodium BalanceReTrainer [13]. It keegsphtient in an upright position
while allowing them for an inclination in coronahdisagittal planes for up to 10 de-
grees. Passive springs act against the frameis#ticdn. The feet of the patient remain
attached to the floor. The device uses visual faeklthat shows the patient the current
inclination of their upper body. Measurements @& iiclination are registered via ac-
celerometers. The patient is requested to cortepiriclination of the body and follow
instructions shown on a screen in front of him. @ksessment of the patient’s stability
is based upon the concordance of the directionsaamalints of inclination requested
by the program and executed by the patient. Midtaatnd colleagues reported that
training with BalanceReTrainer showed some impraxeisiin weight-bearing abilities
in CP patients, although mainly for patients clgésgdiat the level | and 1l of the GMFCS
[33]. The limitation of this device is that the jgat’s Centre of Pressure (CoP) is sig-
nificantly affected by a possible leaning on theide. Identification of the CoP during
an unperturbed stance has become a well-establ&héd posturography technique
for the standing balance assessment. Displacerhtéré €oP is considered a represen-
tation of the equilibrium control to keep the Cerdgéthe body Mass (CoM) within the
area of support [34]. In the case where the basamgort is not only the two platforms
beneath the patient, but also side pillows or &lti handles, balance control extends
beyond ankle/hip strategies ([35]) and the CoM ldispment cannot be interpreted as
CoP displacements acquired by force platforms driere is no information gathered
about the pressure applied by the patient to varfmarts of the Balance ReTrainer.
Therefore, the device does not allow to properbeas the patient's CoP. Moreover,
because the spring mechanism is the resistor t@rmanovements, the force required
to perform an inclination rises, as the inclinatgets greater.

Another device developed to facilitate therapy afabce impaired individuals,
providing firm support to the patient’s body is K#isssist [1]. Initially designed as a
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portable system providing the patient with the pokty to walk while actively sup-
porting their trunk in a vertical position. The iy is also actively following the pa-
tient’s steps, which makes KineAssist a more rolnadker with wider functionality.
There is no information about the patient’s CoHtfwsand displacement though. Kin-
eAssist recently changed the design and it becastetianary system with a treadmill
beneath it. This made the device potentially slétédr exercises in stance and stability
assessment.

Lokomat [36, 37] is probably the most commercialligcessful device designed for
balance impaired individuals. In basic form is AaBegrees of Freedom (DoF) - left
and right knee and hip joints. This way it can stsahd guide the hip and the knee
movements while the ankle joint is moved passiwvéth a spring system. The patient
is held uprights by the set of suspenders. Addififeature includes a waist connection
providing hips side movements and prevents backwardement. Lokomat is a gait
training device though, and balance exercisesaitics§tance cannot be executed nor it
can help in the assessment of stability.

All of the mentioned devices are commercially aaalé. KineAssist being a HDT
Global product is sold by Woodway, Inc. Balance Reier, under the name Thera-
Trainer Balo, is a product of Thera Trainer. Lokdinisaa product of Hocoma. One of
the major drawbacks of mentioned rehabilitationotshis their cost ranging from
$6.500 (Thera-Trainer Balo), $140.000 (KineAssisp)to $330.000 (Lokomat).

Measurements of the weight distribution betweetdedl right leg, together with the
visual feedback, can be successfully done withuge of force platforms as it was
proposed by various authors [10, 28]. It is a chezagh widely available solution. This
device though is not suitable for people compettedise a parapodium in order to
maintain a standing position. If force platformsev& be used together with a parapo-
dium, patients could act upon the supports exextmmgpensatory forces. This could
lead to the consolidation of improper muscle toimugipedal stance, making patients
even less able to maintain a standing positionawmitibeing supported by the parapo-
dium. The compensatory forces applied to the paliapm necessary to compensate
disturbances of stability, influence pressure tistion on the patients’ base of support.
Proper assessment of stability based on CoP d&plaut analysis in such setup is thus
difficult and does not provide correct results [38je visual systems designed to assess
the stability neither can be used in such caseausecthere is no information about
direction/amount of compensatory forces exertethbypatient to the parapodium.

Those observations led the authors to develop J8tepitable device for patients,
who are not able to maintain an upright positiothaut the aid of a physiotherapist
and orthopedic aids. It is designed for trainind assessment of the weight-shifting
asymmetry as well as compensatory strategies ahbalimpaired individuals within
a fall-safe environment. JSetp was initially desed in [39], where authors briefly de-
scribed its features and construction. A singleeaafsuse was there presented. The
purpose of this study is to provide the proper gasknd information and precise de-
sign criteria for this rehabilitation device, com@ calibration procedures, as well as
the mechanical and electrical features not destiiibthe previous paper. This includes
the compensatory forces identification and analygisreover, in this study authors
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wish to present results of testing the device itk healthy and one CP patients with
the aim to indicate balance-shifting variations andompanying compensatory forces.

We focused on the condition affecting a particylatient, so the objective was to
design a device that meets the requirements oftaxidACerebral Palsy patient reha-
bilitation. In general, this covers requirementshef individuals classified at level I-1V
of the GMFCS. Some dysfunctions are not framedheyGMFCS though. Eligibility
criteria for the patients who can use the devioeJiated: a) the individual has enough
muscle strength to operate his limbs, trunk andlhegpindividual has only mildly af-
fected sight (LogMAR visual acuity0.45, Snellenx20/56 or<6/17, decimak0.35)
[40, 41], c) individual is communicative and undar&ls verbal commands.

Criteria for the development of the device are @né=d in Section 2 of this paper;
the device structure, sensory system, visual feddae described in Section 3; in Sec-
tion 4 the evaluation of the device, participarésatiption, exercises’ scenarios and
tests results are presented; conclusions and discuare presented in Section 5.

2 Design Criteria

A compulsory feature of a rehabilitation systengeding balance impairment of pa-
tients classified at level V-V of the GMFCS woudd a fall-safe environment. Lifting
the threat of falling should give patients the jilm/ to comply more closely with the
exercise protocol [42, 43]. This is particularlyfidult for the device which purpose is
to exercise balance [4]. It requires that the deigceither following movements of the
patient (e.g., powered walker, exoskeleton), avedl him to move within (e.g., para-
podium, harness-like support system) with a polisilto hold/lean on.

An important aspect of the rehabilitation is thatkfers to an impaired person who
needs a therapy, not just the impairments thatcabe cured. Physiotherapists’ task is
therefore not only to administer the physical ebs&r® but also to find the most attrac-
tive way to work with the specific patient [44]. @re other hand, repetition strategy is
considered strongly influential for maintaining iorahanges acquired during the reha-
bilitation [45]. This requires consistent practiséh repetitive movements. It is not
necessarily interesting nor meaningful for thegtithough, what in turn may reduce
their willingness to participate in rehabilitatid®ome patients may not recover or gain
standard mobility at all. Even though, for the saktheir health it is crucial to proceed
with balance exercises and motivate them to keepifredal stance during the day [17,
18]. The Rehabilitation device should thereforevite possibilities to engage patients
more in exercises and give them enjoyable, taskebtraining protocol [13, 46].

Visual feedback may encourage patients to perstsigir efforts and create positive
reinforcement [29, 47]. To achieve this, a clogeriaction between the subject’s actual
equilibrium management and the outcomes of a sitaglie should be evident for the
patient. Since cognitive and cognitive-motor basathing are reported effective to
improve standing balance [48] both actual weigtarley as well as forces exerted onto
the fall-preventing structure displayed in fronttbé patient could enhance this im-
provement. Minimizing the compensatory forces eeckdnto the fall-preventing struc-
ture might become a new goal for the training. Gdugability of the on-demand weight-
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shifting as well as the values of the compensatorges during the task should be
monitored to provide a track record of the pateperformance.

If keeping the balance during the rehabilitatioangssue, the therapeutic techniques
presume that the patient may use their arms totbatdg., parallel bars, thus retain the
equilibrium during exercises. Patients’ stance rhddeomes quadrupedal this way,
making it impossible to properly assess the CoPaddress this problem, the device
should identify the forces transferred to the hasdharnesses, parallel bars or side
pillows by the patient while one compensates fdyatance. As the result, an objective
measure of compensation necessary to avoid lokmgdquilibrium could be: a) the
amount of time the patient availed the support evieikecuting a specific task [49],
b) the amount and direction of force applied toghpport while executing the task.

An adequate method of visualization should be gledito properly inform the patient
about actual readings of the system. The mininsihdce between the patient and the
visualization panel, with respect to the minimahdnsion of letters/controls lights dis-
played on the visualization panel, is calculatediie visual acuity n=0.35 (in Snellen
decimal scale). The letters height h[m] is obtaifreen the visual angle formula (1),
where® (equals 5minutes of arc for letters [50] and lmbé converted to degrees),
d[m] is the distance between the eye and the Jedtat n is the Snellen visual acuity
decimal representation. This means the visualimgiamel installed 2m away from the
patient's head should have letters taller than r@r81 The control lights diameter
should be greater than 1 minute arc what resultsdmm of diameter on a distance of
2m according to (1) if theta equals 1 minute of[&f. For the lights to be distinguish-
able, the distance between them should also bemi.6m

h=1/n-2-d- tad/2) (1)

The ability to shift the body weight onto a sintgg plays a significant role in walking.
Weight transfer between right and left legs shddd:onsidered one of the tasks prac-
ticable with the use of the rehabilitation deviémother widely accepted condition is
for the subject to stand still in bipedal stancd andistribute weight equally on both
legs. With this setup, a weight-bearing capacigseasment is usually linked [51, 52].
The rehabilitation device should, therefore, endblassign both exercises scenarios
[53, 54]. As reported by Goldie and coll. ([53Dettherapeutic approach should focus
on improving weight-shifting to both legs, independy which is the affected one. The
differences in the patient’s capacity to transfex torrect amount of weight onto a
selected leg can be considered a weight-shiftiyghagetry[55]. The amount of time
the demanded weight distribution should be maietiduring tests is usually consid-
ered when functional balance tests are conducfed®§ed on the testing procedures
of weight-bearing capacity assessment, 5 secoralgdshe enough ([53]).

Since the interaction between the patient and #wcd is based upon the forces
exerted to the device, the patient’s performanoebeaconsidered a quantitative assess-
ment of the balance. According to Mancini and H(({dR]), automatic algorithms for
quantifying balance control during prescribed tastes necessary to make the quanti-
tative measures of balance feasible for clinicaktice. Moreover, they conclude that
the user-friendly interfaces and convenient dateage as an electronic medical records
are important.


http://mostwiedzy.pl

Downloaded from mostwiedzy.pl

A\ MOST

3  JStep rehabilitation platform

The device is built on the foundation of a stastanding frame PJMS 180 (Fig-
ure 1, left). It is a commercially available pardpon. This ensures that the patient is
safely held upright in the bipedal stance. Thegmtstands in the parapodium with his
feet on two independently mounted platforms (Figlyreight). The distance between
the platforms is adjustable in the coronal plartee Ppatient is kept in the vertical, bi-
pedal stance by a set of pillows on the sides,albas on the front and in the rear of
the parapodium. Adjustment of the pillows positt@m be done matching height of the
hips of the patient and keeping desired distan¢ed®n left and right pillows. The
patient can lift his legs and bend the knees onatheimif the patient has little control
over the extensor muscles of legs, a rubber-likezbntal bar on the height of the tibia
may be installed limiting the forward movementlof knees. The device provides real-
time visualization of the body weight distributibetween the left and the right leg.
Weight shifting is visualized on a panel instaliedront of the patient (Figure 1, d). It
also provides information about leaning of the guattion pillows of the parapodium.

Fig. 1. Unmodified parapodium (left), and JStep durirgfitey (right): a) mechanical structure,
b) sensorized pillows, c) sensorized feet platforvisualization panel, e) USB cable to PC.

3.1 Sensory layer

Two sets of sensors are embedded in the strucure.set is implemented for meas-
urements of weight applied to the platforms on \whtlee patient stands. This solution
assimilates JStep to a standard, static forcegptatfFor this task, four YZC-161 load
cells are placed beneath each platform. The adgamttthose sensors is that they have
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a very low profile (12mm) while being able to me@sand withstand significant loads
(up to 40kg each). Additionally, they are extremetiyap ($10 for a pack of four sen-
sors). The second set of sensors is responsiblindomeasurement of compensatory
forces applied to the pillows. Those load cellsraceinted in between the parapodium
frame and the pillows. Each pillow is capable aisieg the force acting perpendicu-
larly to its surface. Load cells used in the pilfoare beam type load cells NA27-005,
which are also quite inexpensive sensors costipgoap $10 apiece.

Weight shifting from one leg to another implies raments of the hips to the sides.
Preliminary tests showed, that approx. 3cm of sptereen the pillows and the pa-
tient’s hips is enough to shift the body weight pbately to one leg while keeping a
vertical posture. Because the pillows provide sstamt feeling of support to the patient
though, this gap should be kept minimal. Basedhenpreliminary tests, a 90kg and
155-185cm tall individual leaning against the gidew (the setup presented in Figure
2, left) produces max.sk—=41N of force. Similar results were obtained far thdivid-
ual leaning against the rear pillow (the setup emé=d in Figure 2, right) with max.
force Rea=38N registered. Those values are dependent onaidevis previously dis-
cussed gap. The wider the gap is, the higher thee$oapplied to the pillows due to
leaning are. The forces listed above are acquoed Bcm gap between the patient’s
hips and the pillows on both sides. More detailsudlthe sensors’ arrangement can be
found in [39].

Fig. 2. Leaning against side (left) and rear (right)quils model.

Verification of the stability and the reliabilityf @oth NA27-005 and YZC-161 was
done after mounting them into the device. Sensbtisi®type have a close correlation
between signal output level and the supply voltdge. example, the NA27 sensors,
according to the technical specification, haversstiwity of 1mV/V. In practice, this
means that the sensitivity increases with theaigke supplying voltage. In our design,
a 5V supplying voltage was chosen. This is becthesATmega 328P, used as a central
unit, powered from a 9V battery, provides enougtvgroto obtain a stable 5V using
the TL78L05 voltage stabilizer. The stability okthioltage supplying the sensor is of
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utmost importance because any change (even momgimahne input of the transducer
instantly changes the sensitivity and thus, thellef’the output signal.

The supply voltage stability tests were carriedwitih the assumption, that the ex-
pected time of a single training session with tee of the device shall be less than an
hour. Various loads were applied to the sensomdutie supply voltage stability test.
The mean value of the supply voltage reached 5Wi?va standard deviation of 1mV
(representing 0.2% of the supply voltage). The @etrcoefficient of variation of the
supply voltage is calculated to be 0.002%. It issidered that such small changes in
the supply voltage should not have a significaféatfon the output signal.

An analog-to-digital converter (A/D) incorporatedd the ATmeg328P system is a
10-bit converter operating in the standard volteaggge of OV to 5V. As a result, its
quantization step is approx. 4.88mV. Since the etqubvoltage level measured directly
from the force sensor is several to several do2énthe signal fed directly to the input
of the A/D converter without any conditioning systevould be burdened with a very
large quantization error. For this reason, an imgleted signal conditioning is com-
posed of a low-pass filter, an amplifier and th® &bnverter (Figure 3).

A/D
converter

Low-pass

Force sensor Amplifier

filter

Fig. 3. Signal conditioning diagram

It is assumed that significant signal variationsimly the measurement will not take
place more often than several times per secondeldre, a passive filter with a cut-
off frequency of 10Hz is used. The scheme of thafion system is shown in Figure
4, left. To achieve the assumed cut-off frequenpsrameters with values of
R=166kOhm, and CaiF are chosen.

Out

Fig. 4. Low-pass filter (left), and a general diagrananfoperational amplifier in a non-inverting
configuration (right).

An amplifier has a role of sensing the differeneéween the voltage signals that are
applied to its inputs and multiply it by a gain Por our application, a standard, inex-
pensive (less than $1 apiece) operational amplifled84 is used in a non-inverting
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configuration (Figure 4, right). The gain A is deténed by an equation (2). The values
of the R1 and R2 resistors are chosen to be R13100&hd R2=5.1kOhm giving a
gain of A=52.

A=1+ (R/R) )

An important aspect of the strain gauge based feeosors is that the temperature var-
iations may strongly influence the sensor’s reaslotihis effect can be minimized if
the measurements are done in stable conditions Igbgratory). However, inde-
pendently from the environment influence, the etmn voltage increases the stain
gauge’s temperature creating a temperature drift.

To determine the characteristics of the NA27-008pterature drift due to excitation
voltage, a single sensor was tested in a roomangtinstant temperature of*Z4+ 1°C.
Readouts were acquired from the moment the volteag applied to the sensor till
60minutes after. No mechanical load was appliethéosensor during the tests. The
resulting characteristics conditioned with a lovepélter and converted with use men-
tioned earlier A/D converter is presented in Figbire

Force (N)

Time (min})

Fig. 5. NA27-005 force sensor temperature drift due ttitakion voltage characteristics under
the constant environment temperature condition8g241°C ).

Tests revealed, that in a period of 60 minutesdheings increased of 0.4N, which is
approximately 1% of the measurement range (50Ng dhenge was most evident
(50% of the total change) during the first 8 mirsudé the test (0.2N). Subsequent 0.1N
of the change was noticed after 21minutes andlyimdier 60 minutes from the begin-
ning of the test. The readings change rate carefiesd as 0.007N/min after 1.0minutes
from applying the excitation voltage. To solve tisisue it is recommended to start the
system 10minutes before the measurements are tAkether solution is to use larger
gages and higher resistance gages. This wouldakectbe power necessary to be dis-
sipated per unit area of a strain gauge.

The parameters of linear regressian< b) determining the dependence of the load
applied to the sensor and the sensor’s outputg®liteere also calculated. For this rea-
son, tests were carried out in a room with a cangeanperature of 2€ + 1°C within
3days. 90 subsequent measurements with the use€phd 3kg load were done. The
coefficients a and b were calculated and for athefregression equations, théviRas
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not lower than 0.9999996, showing a linear relaiop between the load and the output
voltage signal.

All the above tests were carried out to check #liability of signals from chosen
force sensors. It should be noted that at the nustage of the project, the exact values
of the force applied to the pillows are not of ushimportance. Rather the information
about forces’ variation is utilized in proposedirtiag algorithms. Nevertheless, the
knowledge about the sensors’ stability rises ttealitility of the system and opens up
the possibility of using those sensors in the fiifisuch functionality will be desired.

3.2 Visual feedback layer

Literature research [29, 47, 48], as well as thb@ns’ observation of ataxic CP indi-
viduals, proved that the information about the \weigearing and compensatory forces
applied to the device has to be shown in a simpteiaformative way. Significant
difficulties in reading and understanding compleformation by patients with vestib-
ular system damage do not allow the use of any noalaisplay with digits changing
as, for example, patients shift their weight.

Our proposition for visual feedback is a Light Bmi Diode (LED) display incor-
porating five bars, each representing one sensirfgce of the parapodium — left and
right feet platform, left, right and back pillow{89]). Each bar is composed of several
LED lights placed in a row. Two yellow-red taperipgrs in the center of the display
are used for displaying the information about shjfthe body weight between the left
and right leg. When the force is equally distrilsliteetween left and right leg, yellow
LEDs are illuminated (four of them on each sidd)afiging the body weight distribu-
tion to one of the legs results in illuminating marf the LED lights on this side. In
other words, the more weight is on the side, theerh&Ds are illuminated. Each LED
corresponds to an amount of weight normalizedmeeentage of body weight (%BW)
shifted to the particular leg (Table 1). In thisywi the patient keeps the equilibrium
or the weight-bearing is within a 56% thresholdraf body weight, four yellow LEDs
on both sides are illuminated. A shift of the bedsight on an e.g. left leg so that 70%
of body weight is kept on this leg results in sks illuminated on the left bar. It does
not necessarily mean though, that on the righttere will be two LEDs illuminated.
This number is influenced by the amount of foroe platient exerts on the pillows of
the parapodium to compensate for the loss of thdilequm.

Leaning against the side pillows is representethloyL ED bars placed on the sides
of the display. Each bar is composed of 7 green lifiis placed in a row. Leaning
against the back pillow is represented by a sibfle bar on the bottom of the display.
This bar is also composed of 7 green LED lightsgdain a row. We noticed during
the initial trials, that the patient was more esthstic and content with his actions when
the successful movements resulted in as many itlated LEDs as possible. Switching
the LEDs off was associated for the patient witihgsomething wrong. Because of
that switching-off, rather than illuminating LEDsw/chosen as the measure of applied
compensatory forces. When there are no forceseapfithe pillows, all LEDs are thus
illuminated. During the calibration process (dis® in subsequent Subsection) a
maximum force (Ra", where n={LP, RP, BP}, which stands for Left PillpRight
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Pillow and Back Pillow respectively) applicable @ypatient to each pillow is regis-
tered. As soon as a force of more than 15%f"Rs applied, a pair of utmost LED
light on both ends of a corresponding LED bar igaved-off, resulting in 5 LEDs left

illuminated. With a force of 30% of R\" applied to a particular pillow, only three
LEDs are left illuminated. Applying more than 40%lte Ry force to a pillow results

in only one LED left illuminated. This feature isganized differently to how the lean-
ing on the device is managed in previous papef)[39

Table 1. The amount of LEDs illuminated for a respectivad applied to a corresponding leg.

Amount of weight in % of total body Amount of LED lights illuminated
weight (%BW) shifted to one leg for a respective load
90-100%
79-89%
68-78%
57-67%
44-56%
32-43%
20-31%
9-19%
0-8%

OrRNw|d |||

Such a display arrangement allows understandingotity weight distribution at a
glimpse of an eye. Therefore, it is easy to seva gf the exercise as the patient can
easily observe his weight shifts and possible legnlit should also let the patient put
more attention to execute the task, rather thamsiog on reading the information from
the display. The simplicity of the display is aclgd at the expense of the resolution of
the readings. Independent of what is shown to #iept on the LED display though,
raw data is sent directly to the PC (Personal Caerpior further analysis.

The hardware layer of the LED display includes f8/d74HC595 8-bit shift regis-
ters. This solution minimizes necessary analogwstfrom a control unit to operate
that many LED lights. Each LED bar is operated by shift register. The operational
frequency of the shift registries is approx. 25Mi&ansidering a 16MHz clock fre-
guency of the ATmega328P, the refresh rate of Lizben all of the LEDs were illu-
minated was achieved approx. 15Hz. This is consitlenough to interpret LEDs as
constantly illuminated.

3.3 Sensors’ calibration

The spasticity of some muscle groups in CP canecthgsinability to equalize the body
weight between the left and right leg. It does hotvever, conclude for the inability
of maintaining stability. The device allows caliting the force range for each of the
surfaces with force sensors so that it is taildoethe patient’'s capabilities and needs.
Adjustment of the device performance to the pasi@fitvarious weight is done thanks
to the calibration of sensors.
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The calibration is based on measuring the maxinoneefapplied by the patient to
the specific sensing surface and scaling the rafgige readings accordingly. As dis-
cussed in the previous Subsection, maximum forpdicgble to the sensors isn&",
where n={LP, RP, BP, LL, RL} which stands for Léftllow, Right Pillow, Back Pil-
low, Left Leg and Right Leg respectively. The reéssilthat the first LED and all LEDs
up to the last one of a selected bar on the displaylluminated when minimum and
maximum force is applied to a particular sensopeetively. The JStep functioning
algorithm with a calibration loop is presented igUfe 6.

turn the device
ON

v

sensors reading
(null weight)
R'=Rpmin

{5 min. 3 sek

Sensors

> reading =

v

adequate
number of LED
illuminated

Y

e,

4} yes

choosing
a sensor
to be calibrated

v

chosen sensor
reading
{max weight)

Nn_pn
R'= Rmax

—1

Fig. 6. An algorithm of the JStep functioning, with cadition loop included in whicR repre-
sents current readoufRqax Sstands for maximum readouts obtainable for a paetr sensor and
n is a sensor index {left pillow, right pillow, bagkllow, left leg or right leg}. "P" is an action
of pressing the button on a top of the LED disjiday.

patient is in the device

calibration

Each time the device is switched on, the firstehgeconds average reading is consid-
ered a null level for a sensor. During that time platient cannot be in the device. The
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system enters the operational mode after threandsafter which the patient may enter
the device. As long as the button “P” on a tophef LED display box is not pressed,
the device shows current sensors' readings inra @rthe illuminated LED bars. It
also sends numerical data to the computer. If thib "P" is pressed, the device enters
calibration mode and one single light of a LED bamesponding to the left foot plat-
form starts flashing. Each push of the button 'tifts the illuminated LED to a subse-
quent LED bar representing the left leg platforight leg platform, left pillow, right
pillow, and rear pillow. After five seconds, whtlee LED of the desired sensor is flash-
ing, it enters a state in which readings from sgissor are being gathered for two sec-
onds. At this point, the patient is asked to agdymuch force to this sensing surface
as he is capable. The system picks maximum vahe (Rn) during that time and sets
it as the maximum value readable for this senses{R This information is mapped
to eight levels (in case of leg platforms) so tihatLED bar can be lit properly. After-
ward, the system goes back to operational modei@udlibrate another sensor, this
procedure has to be repeated.

The presented procedure does not influence readentso PC via USB. The user
cannot change the raw data values sent to the Ffigdihe process. The calibration
refers only to the LED display resolution and range

4 Evaluation

4.1  Participants

Three healthy males (age: 25.7+3.2yrs, height:2H682.8cm, body mass: 66.918.5kg),
one healthy female (age: 32yrs, height: 166cm, bodgs: 58kg), and one Cerebral
Palsy in the cerebellum male (age: 18yrs, heighicin, body mass: 61kg) volunteered
for the evaluation study.

The CP participant is classified with GMFCS lewél His motor abilities allow him
to sit and keep the torso upright while sitting.'4Halso capable of keeping his head
upright and execute reaching tasks although dysmetemor, and dyssynergia are
evident. He has strong astigmatism and difficulitiesontrolling eye movements when
tired. The subject moves around his home on alistdde is unable to keep the bipedal
stance without any support but he is capable afgiso the stance and keeping the
upright standing posture if allowed to hold to stedupport (e.g. furniture). Making the
steps is challenging for the subject even withube of external support. An assistant
is necessary to walk him around the house but thempatient leans on the assistant
giving him full control over the equilibrium. Due the legs’ spasticity, plantar flexion
is present permanently. The subject struggles tataia an upright standing position
because he has to flex the knees, keep his weigtiteotoes and rotate his hips back-
ward achieving anterior pelvic tilt. The resultsafch a posture is that the subject does
not bring his hips into contact with the front pill of a parapodium at all.

The one female participated in the study is a hgalbfessional who is knowledge-
able about youth with CP and the GMFCS. All theipgrants provided informed con-
sent prior to data collection.
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4.2 Exercises scenarios

Most of the design criteria discussed in Secti@ane2addressed through the sole concept
of the device as a static frame, supporting theepabn-demand, as well as the sensory
system with proper visualization of the forces plagient may exert to the supporting
surfaces. A task-based approach with an embeddgadjement mechanism needs more
explanation though.

There are many exercise scenarios possible tazeewldith the use of a discussed
device. In this paper, we would like to focus oemeises aiming to:

— increase the capability for on-demand weight-giftand control over the amount
of weight transferred onto a particular leg,

— decrease the amount of force exerted on the suppdeces, necessary to compen-
sate for temporary loss of equilibrium while shiithe body weight.

The two objectives can be addressed with similar@ses scenarios. Given the possi-
bilities provided by the LED display, two exercises further described:

« Exercise 1: llluminate a given amount of LED lightéated to the body weight dis-
tribution.

The goal is to shift the body weight between tHe dad right leg to illuminate a
given number of LEDs chosen from two tapering LEEDs(described in Subsection
3.2). To complete the assignment, the given LEDtbdse kept illuminated for five
consecutive seconds. Thus, the subject has towachkied maintain a demanded
weight distribution for 5 consecutive seconds. §hbject has 120 seconds to suc-
ceed. Otherwise, the system automatically endagkessment. In practice, one cho-
sen LED light (from a set of 4 through 8) represanthe left leg load is switched on
at the LED display and starts blinking. It's a @iffor the subject to shift his weight
until this particular LED is illuminated and keegliuminated for five consecutive
seconds. The following round is similar but thimei another light (from a set of 4
through 8) representing second leg is blinking.

« Exercise 2: llluminate a given amount of LED lighttated to the body weight dis-
tribution while refraining from switching-off anyBD lights related to the forces
applied to the pillows.

Here, the subject has to execute the same algogthin the first exercise but this
time leaning on the device results in switchingib# LED lights on the display.
Applying too much force to the pillows makes it iogsible to accomplish the task.
In practice, the weight-shifting assignment is nggathalike the first exercise, but the
subject has to pay attention not to lean agaimspitows. Applying the force to the
pillows results in switching-off the green LED lightand as soon as there is only one
green LED light left illuminated (at any of the greLED bars), the whole task is
suspended. Up until the subject stops leaning erdévice, LED bars related to the
body weight distribution are switched off.
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For the sake of completing this exercise, a feadimeshold of force applicable to the
pillows has to be set, otherwise, an individuahvetability deficits will not be able to
finalize this task at all. After some trial testse threshold value was set to 40% of the
maximum force applicable to this particular pilldwy this particular patient, as dis-
cussed in Subsection 3.2. This is in line with eyvmportant aspect of gamification,
which is the win-loss ratio. To keep the patienhaty involved in the game, hence in
the rehabilitation process, a game designer hamiotain the game challenging for the
patient but at the same time plausible to succeed.

An algorithm responsible for selecting a task (LEdht number) for consecutive
rounds in both of the exercises is alike. To prevath equal distribution of tasks, each
subsequent assignment is different from the prevame for this particular leg. Such a
feature has been achieved by removing a LED ligimlrer that was chosen the last
round from a set of LED lights numbers that aresgdered for the current round.

The subjects were asked not to grasp the parapoffame with their hands. To
facilitate that, they were given two small cylirahi objects to hold with their hands.

For the evaluation purposes, the device was lodatadoom with a constant tem-
perature of 24C + 1°C. Tests were carried out during day time, assuaismnilar light
intensity in the room between the subsequent taiatkfor all the subjects.

Each healthy subject performed both the exercisesagios for about half an hour
resulting in approx. 70 assignments. Assessmetttedf capabilities is done based on
those assignments and is further discussed in Stitnsel.3. In the case of the CP sub-
ject, the device was provided solely for him foe tfuration of six weeks. During this
time the subject was asked to work with the assgrmand complete each of them
twice, every day. If the subject was sick or undblperform his duty that day he was
asked to complete his task the other day additipt@athe scheduled exercises for that
day. He was also asked to carry out the calibratimeedure for the null weight and
maximum weight for all the sensors each day bdfierdid the assignments.

4.3 Data aggregation

All the results gathered include: date and timerent number of exercise (1 or 2);
current round numbar, wherer={1,..10}; LED numberk selected as a target for the
exercise, which refers to the requested body wedistribution «={4,5,6,7,8});
amount of time spent on completing the exercigg; @mount of time spent with a
correct body weight distributior{); and for the second exercise, the amount of time
the patient applied the force to the pillows higthem a thresholdTy).

After each round the system sends an update tBGheith new information about
the current training. At this stage of the projgating the results for each participant is
done manually. This refers also to post-processfrige data, which is currently done
in MS Excel 2010 environment. A script written imetVisual Basic is run for each
spreadsheet with collected data. Following stepsder to obtain results are: removing
null results, aggregation of the results for ea@rese scenario, each task and each leg
separately, building the charts and calculatiotheflinear regression function.
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4.4 Results

During six week time period the CP patient perfairtiee first exercise scenario 154
times and the second exercise scenario 113 tirnaml him 23 days to complete all
these exercises.

The amount of time necessary for the patient toeaehand maintain the desired
body weight distribution for five consecutive sedsrT) is the first quality criteria.
For the CP patient, the exemplary result$ajathered in a time span of 42 days while
executing the exercise 1 are shown in Figure 7,Hifre the task was to keep the body
weight evenly distributed between left and riglgteth a maximum 56% of the weight
on the one leg (fourth LED illuminated on the dégpfor one leg). A trend function:
y=-1.08t+72 with a coefficient of determinatio3®.11 are obtained. The plot show
very similar results to one presented as an examp8&9] with some of the data points
excluded though. This is because the normalizaifdhe body weight is done with a
different percentage levels used for illuminatiagtizular LEDs what allowed to better
distribute the body weight representation betwemrsecutive LEDs.
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Fig. 7. Results obtained for CP participant: on the lefine necessary to complete the task in
exercise 1 Ta; on the right - percentage of time necessary toptete the exercise during which
patient achieved desired body weight distributiabrtot necessarily maintained it for consecu-
tive 5 seconds T Data presented for case where the patient's Wit to be distributed
evenly with up to 56% of weight on left leg.

TheTa, linear trend function for all the body weight teéer cases, calculated for the six
weeks training time of a CP patient is presente@able 2. Presented in Figure 7, left
case corresponds to the trend function listed ipld'a, third row, last column. Here,
the activity which initially required approximateRp seconds to complete (compound
b of they=ax+b function) after 6 weeks of training was more oféehieved in only 25
seconds. A decrease in time necessary to succeadiicise 1 as the training proceeded
can be noticed for all the body weight transferesasxcept 90-100% of the body weight
transferred on one leg case. Here the time requiredmplete the exercise extended
throughout the training period for both left anghtileg. Based on a trend function, the
time necessary to complete the exercise for bath é®mbined is presented also as a
percentage valued(s) of the initial result. From those numbers it ¢ésnconcluded,
that the calculated time necessary to completeceseet was decreased 63% in the case
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where the task was to keep the equilibrium. Bestiltse were obtained for the case
where the task was to minimally (57-67% of the baayght) transfer the body weight
to one leg. Here the improvement was calculated.88%

Table 2. Linear trend functioy=ax+b of Ta andTsx in function of days (t) the exercises were
performed for subsequent body weight distributiases. LL stands for the left leg, RL - right
leg, and TO — combined results from both legs. Addally, 4Ta is a percentage change of time
necessary to complete the exercise for both legdbuoted based on a trend function(TO).

100-90% of 89-79% of 78-68% of 67-77% of up to 56% of
body weight |body weight |body weight |body weight |body weight
on one leg on one leg on one leg onone leg on one leg
T, (LL) 1.09t+36 -0.82t+86 -0.77t+58 -1.45t+65 -
T, (RL) |0.87t+84 -1.77t+110 -0.57t+58 -1.56t+76 -
T, (TO) |0.32t+74 -1.31t+100 -0.66t+59 -1.5t+71 -1.08t+72
Ts% (LL) |-0.63t+61 0.69t+25 0.3t+40 0.64t+33 -
Ts% (RL) |-0.28t+15 1.12t+8 0.6t+33 0.83t+28 -
Ts% (TO) | 0.13t+25 1.01t+13 0.44t+37 0.75t+31 0.64t+30
AT, [%] |-16 53 46 88 63

To compare the results with healthy participanés¢kemplary results showifg cal-
culated as a mean value of all the healthy paditipis shown in Figure 8, left. The
participants had to accomplish the task at leagtmi@s, not necessarily during an ex-
tended training period like in the case of CP patielere, in the case where the task
was to keep the body weight evenly distributed véitmaximum 56% of the body
weight transferred on one leg, the calculated tfendtion is: y=0.02t+2 with a coef-
ficient of determination R=0.76.

120 100
L 2 * L »
50 = @
100 ‘\‘r‘_._\
20 s 2
70
80
e * o
= £ &0
@ i |
g 60 - 50
= b *
— 40
4o
30
*
55 * 20 -
* 10
o35 " & o ¢
0 ¥ 2 3 4 '5 6 7 & 'S 10 11 12 I3 0 1 2 3 4 'S5 5 7 8 9 1011 12 13
Number of exercises Number of exercises

Fig. 8. Healthy participants’ results: on the left — meimne required to complete the task in
exercise 1Ta); on the right - percentage of mean time necedsacgmplete the exercise during
which patient achieved desired body weight distidrubut not necessarily maintained it for
consecutive 5 second$«,). Data presented for the case where the patiamigjht had to be
distributed evenly with up to 56% of weight on deg.
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Mean values of timeT[,) required to complete the task in exercise 1 togetvith
standard deviation for both CP patient and hegityents are presented in Table 3.
For the CP patient the most time was required topdete the task of putting the whole
body weight on one leg (80 seconds on average} rEsult was mainly due to high
results for loading the right leg (97 seconds ograge). The tendency was maintained
as for the time required to complete the task sea# transferring the body weight to
the left and right leg across all the load casdss Tesult clearly shows the weight-
shifting asymmetry in CP patient’s behavior. Healatients did not show such a ten-
dency. Moreover, much lower standard deviationseveaiculated for the healthy pa-
tients suggesting that this might be a proper migicof the balance impairments.

Table 3. Data referring mean tinf, necessary to complete the task in exercise 1 leddclias
combined results from both legs (total) as welfashe left and right leg separately in all five
body weight distribution cases. LL stands for i€ leg and RL stands for the right leg.

Percentage
of body weight| 100-90% | 89-79% | 78-68% | 67-57% | up to 56%
on one leg:
. |T, total [s] 80, SD=46 |73, SD=40|45, SD=30| 37, SD=34 | 47, SD=39
CT::Z;'S“E(LL) [s] 60, SD=51 |67, SD=43 |43, SD=28| 33, SD=30 | -
T, (RL) [s] 97, SD=35 |79, SD=39 |46, SD=33| 41, 5D=37 | -
healthy [T, total [s] 16, SD=10 |12,5D=2 |16,SD=7 | 14,SD=2 | 12,SD=2
patients (T, (LL) [s] 13,SD=3 |13,SD=4 |22,SD=13| 15,SD=9 | -
(mean) [T, (RL) [s] 14,SD=3 |15,5D=3 |[11,SD=2 |12SD=1 |-

The second quality criterion for both of the exsesi isT% which is the amount of
time during which the desired body weight distribotwas achieved but not neces-
sarily maintained for consecutive five seconds. Tha its nominal value is highly
dependent upon the overall time of completing Hekt It has to be therefore further
discussed as:

T%=TJTa 100% 3)

The exemplary results fdk% are presented in Figure 7, right. In this casefdlsk was
to distribute the body weight evenly between @i aight leg with a maximum 56%
of the body weight on one leg. Exercises were doretimespan of 42 days. A com-
plete list ofT% results obtained for the CP patient is presentdt! to 6" row of Table
2. For the case where the task was to distribuigebtidy weight evenly between left
and right leg thel' % trend function y=0.64t+30 with a coefficient oftdrmination
R?=0.2 was obtained. Similarly to tfg results,T% show improvement across all the
cases but one - 100-90% of the body weight traresieio one leg. Although it is not
completely true, because even though the resudiredd for the left leg show worsen-
ing (@ compound of thg=ax+b function is -0.63)pb compound is very high (=61)
showing high success ratio from the beginning. Agaiorst results are thus for the
right leg with trend function calculated to be y28+15. In all load cases, the&eom-
pound of the trend function for the right leg whe towest. Mean results for healthy
participants are presented for comparison in Figureght, showing significant spread.
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A dataset from Table 3 referring mean tifie for CP patient is presented in Figure
9. It provides a quick information about posturssgimmetry. It is instantly notable,
that tasks involving shifting body weight to thght leg require more time to accom-
plish. It may be assumed, that those tasks are diffieult for the patient to execute.
Also, the more weight is to be transferred to tightrleg, the more difficult the task
becomes. In the task of transferring body weighb dhe left leg, the patient did not
succeed only twice (for 87 times the task was assigwhereas in the case of transfer-
ring body weight onto the right leg it happenedtibies throughout all 67 times the
task was assigned. This also indicates problenistivi weight-shifting abilities.

Personal observations of the patient, while he iwasining, revealed that most of
the time he did not succeed happened when he waaated by a nearby discussion or
was anxious to do something else in the time heexascising. It is disputable there-
fore if a drop-out ratio should be considered aBrgiortant parameter for determining
weight-shifting abilities.
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on one leg on one leg on one leg on one leg of weight on one leg

Fig. 9. Mean time valud, necessary to complete a task in exercise 1 for@est- data
divided for five levels of body weight distributia@nd presented for each leg separately as well
as for both legs combined (total)

Results referring second goal of exercises, thtat éstimate and possibly decrease the
amount of force exerted on the support surfacese@sary to compensate for a tempo-
rary loss of equilibrium while shifting the body ight) are shown in Figure 10, left.
Those results are obtained for a CP subject, whdleamean results for the healthy
participants are shown in Figure 10, right. ThesDBject tends to lean on the parapo-
dium especially when the information about appfiede was not provided to the pa-
tient at the time. The best results for this scemsubject achieved for the case, where
the task was to shift the body weight of 68-78%ttm left leg. The patient leaned on
the parapodium for half the time required to suddeg¢he taskT,=50%). Most leaning
occurred when the task was to transfer more th&t gfthe body weight to one of the
legs (T,(B0%). Mean value across all the cases for the @Brpavas calculated to be
T, =69%.

When the information about the force was displatgethe subject (exercise 2), he
achieved best results for the left [€G<16% for the 79-89% loading case) and the
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meanﬁtime was calculated to be 30% of the task reabirdtime, what is a far better
result than in exercise 1.

For comparison of results between CP and healtbjests, the meaﬁ?time for all
the healthy subjects is presented in Figure 10f.rigis evident, that healthy subjects
did not need support in order to finish the taske Tvorst results here were obtained
for the 90-100% task scorifig=12%. This may suggest, that 3cm of clearance l@iwe
hips and pillows might not be enough for shiftihg tveight without touching the pil-
lows.

Restriction inflicted in the second exercise by phesence of side and rear pillows
extended the time necessary for the CP patiemtieee and maintain the desired body
weight distribution for five consecutive secondig (Mean valud, was calculated for
100-90%, 89-79%, 78-68%, 67-57% and for the equilih with up to 56% of the
weight on one leg cases to be 61, 75, 62, 81 anse@nds respectively. Here the
differences in shifting body weight over left oghi leg are not so obvious, (LL):

20, 81,56, 99 seconds, wher@asRL): 82, 58, 73, and 64 seconds for each mentione
above weight cases.

The task of transferring the body weight propedythie left and right leg in the
second exercise was assigned 57 and 56 times tieghedn the case of the left leg,
the patient did not manage to achieve successii20 seconds time limit six times
and for the right leg, it was eight times. Thisulesd in standard deviations 6f SD=38
for the left leg and SD=66 for the right leg resulfgain, the drop-out cases were
mostly inflicted by external disturbances.
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Fig. 10. Mean time valué‘; the force was applied to the pillows during thalimation of the
task. Results presented for exercise 1 and exe&cigsults obtained for a CP subject (left), and
results obtained for healthy participants (right).

The results in the case of the second exercismach more consistent and show very
similar T, values for all four cases where the weight haletshifted onto the left leg.
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We noticed very little improvement @f andTs% parameters over the six-weeks train-
ing time in case of the second exercise. Thisabgly due to a very high difficulty
the patient had with completing the task of shiftthe body weight while simultane-
ously caring not to lean on the device.

5 Conclusions and discussion

In the paper, authors have presented a devicedioirtg and assessment of the weight-
shifting asymmetry and compensatory forces momitpsvithin a fall-safe environ-
ment. The discussed assisting device is suitablpdtents, who are not able to main-
tain an upright position without the aid of a plogeerapist and orthopedic aids. It en-
ables training of weight-shifting in the coronaapé and provides visual feedback in-
forming about the patient's current body weightriistion as well as the forces in-
flicted on the pillows while leaning on the device.

Our concept fits the needs of the individuals dfeesbat level I-IV of the GMFCS
and who has enough muscle strength to operaténtbhs,Itrunk, and head. In order to
utilize the visual feedback function, the patieragynhave only mildly affected sight,
has to be communicative and understand verbal comsna

The body weight distribution, as well as the congagory forces inflicted on the
device, necessary to minimize the disturbancetabfliy, are presented in the form of
illuminated LED lights at the front of the patie®uich functionality gives the patient
and the physiotherapists real-time information albaay weight distribution. Further-
more, it provides a wider knowledge about the camspgon the patient may need to
keep the upright standing position.

Two exercises are proposed to train stability withuse of the device. Both involve
shifting the patient's body weight in the coronahg so that it matches requested body
weight distribution. The second though requirespiéigent to avoid leaning on the side
and rear pillows of the parapodium. Performing isaul exercises allows for the esti-
mation of the capabilities of the patient. As atcome of executing the exercises, a
set of parameters measured and calculated durnigaiming session is achieved:

— the amount of time necessary for the patient téezehtand maintain the desired body
weight distribution for five consecutive secondlg)(

— the amount of time during which the desired bodigivedistribution was achieved
but not necessarily maintained for consecutive $ieeondsTs),

— the amount of time the patient leaned on the patiapo (T,).

The device was tested with four healthy and onei@taerebral Palsy subjects. CP
subject was training for 6 weeks period. Durings ttime the patient performed 267
times the exercises described. It means the paoamt approximately 30 hours in the
device safely standing and performing exerciseg;wils already a great success. Some
of the results are already presented in [39], stirlude an analysis of forces applied
to the side pillows for both the exercises andcmparison of the CP patients results
to the healthy subjects’ results. Moreover, curmesults had been normalized with
different percentage levels of body weight usedlfiaminating particular LEDs, which
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allowed to better distribute the body weight repreation between the consecutive
LEDs.

Very high readouts were collected for thein case of a CP subject (leaning on the
device for up to 83% of the time required to cornmpline exercise) in comparison to
the healthy subjects (up to 12%). For this readmdevice might be considered suit-
able for an assessment of the compensatory foppied to the parapodium. Moreo-
ver, a significant improvement if, was observed for the case when the currently in-
flicted compensatory forces were shown to the patrerespect to the case when this
information was hidden. This was not observed éndase of healthy patients. Further-
more, high values of,, for exercise 1 in comparison to exercise 2 sugtes inform-
ing the patient verbally, that he should not learthee device does little in comparison
to the patient’s self-awareness if he is restriétedh winning a game unless he does
not stand correctly. This particular result is oéa&f significance, because it suggests,
that gamification has the ability to further incsegatient’s efforts in order to pursue
rehabilitation goals. This may be achieved if taeng mechanics is carefully adjusted
to match the physical rehabilitation requirements.

Another indicator of the possible issues with maiiming the balance is that the mean
time necessary to complete the t&sk while executing exercise 1, was low&f £57
seconds) than in the case of executing exerci¥g=26{ seconds). This means that the
restriction inflicted in the second exercise by phesence of side and rear pillows does
require from the patient more attention to the cengatory forces inflicted to the de-
vice. This result can be further exploit in orderdreate training scenarios for the
weight-shifting asymmetry with necessary compengdtirces minimization.

Further works include the development of a moréstizcated environment, where
the patient is motivated to pursue the best rebaléed on the gratification system em-
bedded in a computer game. Moreover, the game soergnould include increasing
difficulty of the tasks required from the patiefihis includes an initial level of repeti-
tive movements, intermediate level of some movemeatiability and finally an ad-
vanced level of random body weight distributionuests.
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