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Abstract: In the first part of our study, a posture and gait analysis system, shortlycalled POGASYS, is developed to be used in quantifying the gait of the individuals,and tested with healthy individuals to obtain their gait parameters. POGASYS hastwo main components: The first component is the shoe module having fourdifferent types of installed sensors and mounted on the shoes of the individuals,and the second component is the computer module with a user friendly softwarethat is used to obtain the data from the sensors wirelessly and to analyze it. Morethan fifty gait parameters can be determined by POGASYS to utilize for thequantification of the diseases affecting the individuals’ gait patterns. In the secondpart of our study, the gait parameters will be examined to decide what parametersamong all of the parameters can be used to differentiate the hemiplegic patientsfrom the healthy individuals using POGASYS software. In this paper, which is thefirst part of our study, the designs of POGASYS hardware and software, theprocesses to determine the principal gait parameters and the results of the testsperformed by POGASYS are discussed.
Laboratuardan Bağımsız Bir Duruş ve Yürüyüş Analiz Sisteminin Tasarımı (POGASYS)

Anahtar KelimelerYürüyüş analiziGiyilebilir algılayıcı sistemiDenge ve duruşbozukluklarıKuvvet ve eylemsizlikölçümleri

Özet: Çalışmamızın ilk kısmında, , yürüyüş parametrelerinin nicelleştirilmesi içinkısaca POGASYS adı verilen bir duruş ve yürüyüş analiz sistemi geliştirilmiş veyürüyüş parametrelerini elde etmek için sağlıklı bireylerle test edilmiştir.POGASYS iki ana bileşenden oluşmaktadır: Birinci bileşen üzerinde dört farklıalgılayıcısı olan ve bireylerin ayakkabısında monte edilen ayakkabı modülü, ikincibileşen ise dört farklı algılayıcıdan alınan verilerin kablosuz bir şekilde aktarıldığıve analiz edildiği bilgisayarda kurulu kullanıcı dostu arayüz yazılımıdır. Bireylerinyürüyüş örüntüsünü etkileyen hastalıkların nicelleştirilmesinde kullanılmak üzereelliden fazla yürüyüş parametresi POGASYS tarafından elde edilebilmekte ve analizedilebilmektedir. Çalışmamızın ikinci kısmında, POGASYS yazılımı ile elde edilenbu yürüyüş parametrelerinden hangilerinin hemipleji hastalarının sağlıklıbireylerden ayırd edilmesinde kullanılabileceği araştırılacaktır. Çalışmamızın ilkkısmını veren bu makalede, POGASYS donanımının ve yazılımının tasarımı, esasyürüyüş parametrelerinin belirlenmesi için yapılan işlemler ve POGASYS ilegerçekleştirilen testler tartışılmıştır.
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1. IntroductionAutomation has now become the one of the targets inmany areas of services in the technologicallydeveloping world. Especially, in medical services,many medical devices have been developed not onlyfor the treatment but also for the diagnosis of thediseases. The more practical and cost effective thesedevices are, the more their widespread use are inclinical environments. Although the human motiontest is performed extensively in clinics to assess theneurological diseases, there isn’t any widespread useof a practical motion analysis system to assist theclinicians by means of quantitative data for both thediagnosis and prognosis of the diseases.Gait analysis quantifies the movement of theindividuals by means of measurement systems suchas video camera based image processing systems,force plates, inertial measurement systems, EEG andthe other systems. The parameters that are analyzedin these systems vary depending on the type of thesystem used. There are commercial video camerasystems, treadmills and force plates or mat systemsthat have been recently used in clinics. By means ofthese systems, the step or stride length, step speed,gait pattern timing in 2D or 3D, pressure distributionunderneath the feet can be measured and utilized toquantify the gait as well as to follow up theimprovement in the gait quality as a result of thetherapy or rehabilitation of a patient. Most diseasesthat affect the motor system of individuals result inchanges in their gait patterns. Many of the studies inthe literature show that use of the correct gaitparameters provides information for clinicians todistinguish healthy individuals from the individualswith neurological disorders.  Parkinson disease[Mariani (2010, 2013), Klucken (2013), Moore(2007), Bamberg (2008), Tien (2010)] and Vestibularlesions and disorders [Angusri (2011), Labini (2012)]are the most popular diseases studied using gaitanalysis.Morris (2004), Sabatini (2005), Moore (2007)Stefanovic ve Caltenco (2009), Huang vd. (2009),Mariani vd. (2010, 2013), Atallah (2012), Liu (2009)and Chelius (2011) are some of the gait analysissystem studies accomplished in the past. In thesestudies, body-worn sensor equipped devicesincluding combination of varying numbers ofaccelerometers, gyroscopes, force sensors,magnetometers, flexible sensors at different parts ofthe body are designed and tested.There are also gait analysis systems that arecommercially available, like MINISUN (2000),PHYSILOG (Gait Up, 2012), GAIT-O-GRAM (Universityof Nebraska), TEKSCEN (2014), E-SHOE and

VITALISHOE (CEIT, 2008). However, similar to thesystems designed in the abovementioned studies;these commercial systems are not in widespread usein the clinics due to lack of their practicality to theclinicians.In the conventional diagnosis system of the clinicians,after performing some physical tests to the patients,they comment on the diseases, if exist, according tothe patients’ physical responses. These commentsdepend on the clinicians’ experience in whichsubjective grading is more likely to occur comparedto a computer assisted gait analysis system. Besides,in order to track the improvement in the patient’ssituation who is under treatmeant, a gait analysissystem including a user-friendly analysis softwarewill be more reliable by comparing the quantitativedata obtained before and after the treatment,In this study, a practical, cost-effective and laboratoryindependent gait analysis system, shortly calledPOGASYS, is designed and its test results with healthyindividuals are reported.
2. Materials and MethodsThe posture and gait analysis system, POGASYS,consists of a hardware to gain the gait data, and asoftware that collects and analyzes the gaitparameters and make the classification for thediseases automatically. POGASYS hardware alsoconsists of two main components. The first maincomponent is the shoe module that includes theaccelerometer, gyroscope, microcontroller, RFtransmitter, voltage supplier at the back of the shoeand with the force and bend sensor placed in the shoeinsole underneath the foot. The second maincomponent of the POGASYS hardware, is the RFreceiver connected to the computer to get the dataand its voltage supplier circuit. POGASYS shoemodule is designed to be easily mounted on theusers’ shoes. In order to be able to measure thebending of the foot as accurate as possible, flexiblesole sport shoes are preferred in the tests of ourstudy (Figure 1a).Adjustment of the orientation of the shoe module isnot necessary since its orientation with respect to theshoe is determined by the POGASYS softwareautomatically during the gait analysis. The POGASYSshoe module consists of four PCBs (printed circuitboard) connected to 2 mm Plexiglas by plasticconnection elements. The module is mounted at theback of the shoe with a plexiglas adapter formed in asemicircular form in order to be seated at the back ofshoe by means of filling material to avoid the relativemotion of the shoe module with respect to the foot.
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(a) (b)
Figure 1. (a) Shoe module and receiver of POGASYS (b) Parts of the shoe module, and location points of FSR(force sensitive resistor) and bending sensorThe insole is designed as a sandwich model, outerlayer of which is made up of PVC (polyvinylchloride), in between four force sensitive resistors(FSRs) and bending sensor are placed by insulatedtapes avoiding slipping (Figure 1b). Although in theFSR catalog (Interlink Electronics, 2014), it isrecommended to use these sensors with doublesided tape, in the tests, during mounting anddemounting processes, it is observed that thedouble sided tape deforms the sensors, so insulatedtape is used for mounting. The sensors equippedinsole is placed under the shoes’ own insole, in such

a way that any elevation difference or anydeformation in the shoe is avoided. Due to thethinness of the PVC, it is aimed to prevent theindividual from feeling a discrepancy within theshoe and change her/his usual gait pattern. Thepoints of the foot to place the FSRs’ are marked onthe PVC for every individual that participate in thetests. During the gait tests, all the FSRs are used atthe same places for all of the individuals, byadjusting their locations according to their markedpoints under toe, heel, first and fifth metatarsals.
Table 1. Sensors used in POGASYS, their location points, and gait parameters calculated
Sensors Location points Gait parameters calculated3-d accelerometer (1pc)

(STM LIS3L02AS4, Analog,
±2g/±6g)

Back of the shoe, on the maincircuit - 3-d acceleration and velocity of the foot- Step velocity and step length- Lateral and superior displacement of thefoot3-d gyroscope (1 pc)
(STM L3G4200D,
Digital, ±250dps,  ±500dps
ve  ±2000dps)

Back of the shoe, on the maincircuit - Roll, yaw and pitch angles- Gait timing, stance and swing interval
Force sensitive resistors(4 pcs) (Interlink
Electronics, FSR 402,
Diameter 18,28 mm.)

Under the insole of the shoe1. Under the toe2. Under I. metatarsal3. Under V. metatarsal4. Under the heel
- The force distribution underneath thefoot- Balance and lateral deviation of footanalysisBend Sensor (1pc)

(Spectra Symbol Flex
Sensor – 4.5”)

Under the insole of the shoeon the medial plane of thefoot - The dorsal-flexion angle of the foot
The sensor features, their placement points and theprincipal gait parameters that can be calculatedfrom the data obtained from the sensors are givenin Table 1. The forces under the first metatarsal and the fifthmetatarsal is divided by the individuals’ weight areanalyzed and the ratio of the individuals loading on



S. Bakbak, R. Kayacan, Design and Application of a Laboratory Independent Posture and Gait Analysis System (POGASYS)

24

the inside and outside the foot is automaticallyinterpreted by the POGASYS software.The data obtained by the shoe module is transferredto the computer through the RF transceiver viaRS232 serial port. The data transmitted to thecomputer is first checked for integrity and thenidentified and disaggregated to select the data ofeach sensor for every measurement. These

processes are achieved by a user-interface softwaredesigned in Labview (National Instruments, 2009).During the gait tests, start of the POGASYShardware and the communication between the shoemodule and the computer is provided by means ofthis user-interface software. The raw data is savedto a text file during the gait tests in a predeterminedsensor order by Labview interface (Figure 2).

Figure 2. The raw data text file obtained using POGASYSIn order to analyze the raw data and to determinethe gait parameters, POGASYS software isdeveloped in Visual Basic 2010 Express (2010)platform. The POGASYS software does not only
allow determining the gait parameters step by stepwith the graphical representations, but also providethe facility to be used by a clinician to gain thedirect classification results and the gait parameters.

Figure 3. The “Introduction” page of the POGASYS softwareThe POGASYS software’s “Introduction” pageprovides the user to open the raw data text file andvisualize the raw sensor data in graphical form.Also, in this page, the maximum, minimum, meanvalues and standard deviations of force distributionat the four points under the foot divided by theweight of individual and the maximum bendingangle of the foot is given by POGASYS (Figure 3).

The “Analysis” page of POGASYS allow the user tostep-by-step calculate the angular velocity, pitch,yaw and roll angles with linear acceleration,velocity and displacement values with theirminimum, maximum, mean and standard deviationvalues and visualize these parameters for whole gaittest in graphical forms (Figure 4).



S. Bakbak, R. Kayacan, Design and Application of a Laboratory Independent Posture and Gait Analysis System (POGASYS)

25

Figure 4. The “Analysis” page of POGASYS
In the “Double Foot Analysis” page, the abovementioned parameters are also calculated for bothfeet of the individual at the same time (Figure 5). Inthe “Gait Parameters” page of POGASYS, theminimum, maximum, mean and the standard

deviation values of the step length, step velocity,stance and swing timing are calculated by thesoftware automatically (Figure 6).

Figure 5. The “Double Foot Analysis” page of POGASYS
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Figure 6. The “Gait Parameters” page of POGASYS
3. ResultsBy integrating the angular velocity data obtainedfrom POGASYS, pitch, yaw and roll angles of the footare calculated. The integration limits for thecalculation of pitch angle are determined at eachstep as the instant at which the foot is fully touchesthe ground.  The pitch angle is reset to zero at thesepoints. There are several ways of determining theinstant the foot fully touches the ground:1. The point at which the values of FSR sensors arenear to their maximum values.2. The zero bending angle of the foot determined bythe bending sensor underneath the foot.

3. The point at which the y-acceleration of the footis zero.4. The point where the derivative of the x-angularvelocity and x-angular velocity itself are close tozero.The first option cannot be utilized for the gait datathat belongs to the individuals who walk by onlypressing on their toe or by only pressing on theirheel. Although, in this study, any individual withsuch a gait characteristic is not tested; in individualswith Parkinson’s disease etc., these kinds of walkingpatterns are encountered. Since the bending sensordata has shown no significant change during thetests of the groups included in this study, the secondoption related to the bending of the foot is not used.

Figure 7. Instantaneous zero velocity points for each step (red points)Although the y-acceleration data is used todetermine the beginning and the end of walkingactivity, because of the noise in the data setobserved at the instants when the heel touchesground, the third option is not used in determining
the instantaneous zero velocity points. In order tomeet the instantaneous zero velocity points, thefourth option related to the x-angular velocity andits derivative are employed. The algorithm is statedas: ”In the gait data, the four points of x-angular
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velocity experiencing a value under 5% of itsmaximum value and fewer than 3% of its maximumincrease value are the instantaneous zero velocitypoints. Within these points the instantaneous zerovelocity point for that mere step is chosen as theone in the middle of these points.” In Figure 7, the
zero velocity points of a healthy volunteer found byPOGASYS software is marked by the software itselfwith red points. By integrating the x-angularvelocity between these zero velocity points, thepitch angle of the foot is obtained (Figure 8).

Figure 8. Pitch angle from the POGASYS software
The results of the four gait tests, performed for thesame foot of the individual, are analyzed, and theminimum, maximum, mean and standard deviationvalues of the pitch angle data calculated withPOGASYS are compared in Table 2. When the meanand standard deviation values of these minimum,maximum, mean and standard deviation values are

calculated, it is found that standard deviations ofthe column values for the maximum, mean andstandart deviation are less than 10% of their meanvalue correspondences. However the standarddeviation of the column value for the minimum is 17% of the mean value of that column.
Table 2. The pitch angle results of the gait tests performed for the same foot of the individual

Pitch angle Minimum Maximum Mean Standard
deviationTest 1 -26.37 56.68 4.55 16.99Test 2 -34.87 61.83 4.89 18.42Test 3 -38.10 57.04 5.45 18.40Test 4 -27.94 63.96 5.49 18.98Mean of column values -31.82 59.88 5.09 18.20Standard deviation (SS) of column values 5.58 3.59 0.46 0.85(SS / Mean) *100 -17.54 6.00 8.96 4.66

3.1. ModellingBy means of accelerometer, the resultant vector ofstatic (gravitational acceleration) and the dynamicacceleration is measured. Before transforming theacceleration values in the shoe coordinate system tothe room coordinate system and integrating them toobtain the velocity and displacement values, thestatic component of acceleration should be left out.In order to perform this operation, the componentof gravitational acceleration on the axis of interest iscalculated while the inertial reference frame isstationary. The division of the accelerationcomponents to the gravitational acceleration givesthe sinus of the angle between the gravitational axis(vertical axis) and the axis of the shoe referenceframe (Equation 1).
g

a
sin z,y,x

z,y,x  (1)

ax,y,z : The acceleration values on x-, y-, z- axesmeasured within the shoe reference frame;g : The gravitational acceleration;μx,y,z : The angle between the vertical axis of theroom and the axes of the acceleration (x-, y- and z-axis).Since the orientation of the POGASYS shoe modulewith respect to the foot is assumed to be stationary,with the motion of the foot, the orientation of theshoe module within the vertical axis of the roomchanges continuously. The y- and z- axis of the footreference frame changes by the pitch angle aboutthe x-axis (the axis normal to the medial plane ofthe foot). Hence, the dynamic acceleration in y- andz-axes can be found by means of the Equation 2:
)z,y)it(xsin(*g)it(z,ya)it(

dyn
z,ya  (2)
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dyn
z,ya : The y-axis and z-axis dynamic acceleration,

zya , : The total acceleration (dynamic and staticacceleration) in y- and z-axes.
x

 : The pitch angle of the foot (rotation of the footabout the x-axis),
zy, : The orientation of accelerometer with respectto the x-axis at the beginning of the motion.Similarly, the x-axis component of the accelerationin the shoe reference frame also includes a staticacceleration component due to the rotation of thefoot about the z-axis. The x-axis dynamicacceleration in the shoe reference frame can beobtained by Equation 3.

)x)t(zsin(*g)t(xa)t(dyn
xa iii  (3)

dyn
xa : The x-axis dynamic acceleration in the shoereference frame,
xa : The total acceleration in the shoe referenceframe,
z

: The angular displacement of the foot about thez-axis of the shoe reference frame,
x : The orientation of the accelerometer withrespect to the x-axis of the shoe frame at thebeginning of the motion.In Figure 9, graphics of the total accelerationcomponents (the sum of the static and dynamicaccelerations) measured by the accelerometer inthree axes and the dynamic components of these 3-b acceleration values in shoe reference frame areshown. The data is obtained from a healthyindividual during the free gait test, analyzed andgraphically represented by POGASYS.
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time (s)Figure 9. y-axis (vertical axis) total acceleration (gray), y-axis dynamic acceleration (red)The minimum, maximum, mean and standarddeviation values for the dynamic acceleration obtained of the same individual from the gait testsperformed four times are given in Table 3.Table 3. y- axis dynamic acceleration in the shoe reference frame for the same individualy- axis dynamic acceleration(m/s2) Minimum Maximum Mean St. DeviationTest 1 -15.86 31.78 0.03 5.42Test 2 -16.64 29.62 0.13 5.09Test 3 -18.17 31.37 0.02 5.16Test4 -15.76 31.40 -0.20 6.52Mean of the values in the columns -16.61 31.04 -0.01 5.55Standard deviation of the values in the columns 1.11 0.97 0.66The minimum and maximum values of the dynamicacceleration in the vertical axis are -16.61 m/s2 and31.04 m/s2, respectively, while the mean value isnear to zero and the standard deviation is about5.55 m/s2. The standard deviation of these testvalues is about 1 m/s2. As it can be understood fromthe values, the dynamic acceleration valuesobtained from the different tests for the sameindividual do not show any significant difference.

The forward dynamic acceleration values for thesame tests are given in Table 4. Means of theminimum and maximum values for these tests are -19.89 m/s2 ve 22.59 m/s2. The standard deviationvalue for the minimum acceleration draws attentionwhile the change for the other values doesn’t showmuch difference.
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Table 4. z- axis dynamic acceleration in the shoe reference frame for the same individual
Minimum Maximum Mean St. DeviationTest 1 -21.81 22.95 -5.72 3.32Test 2 -15.96 24.34 -4.95 3.21Test 3 -22.17 22.07 -5.15 3.11Test4 -19.62 21.01 -5.28 3.88Mean of the values in the columns -19.89 22.59 -5.28 3.38Standard deviation of the values in thecolumns 2.85 1.41 0.33 0.34

In order to determine the acceleration, velocity anddisplacement of the foot with respect to the roomcoordinate system, coordinate transformation fromthe shoe reference frame to the room coordinatesystem is needed. When the modelling used byMorris (2004) is applied, the dynamic acceleration
components in the room coordinate system arecalculated as a function of the dynamic accelerationcomponents in the shoe coordinate system(Equations 4, 5, and 6).
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3.2 Velocity and Displacement of the FootThe first integration of the dynamic accelerationgives the velocity of the foot while the secondintegration gives the displacement of the foot in theroom coordinate system. At the instances which thefoot base fully touches the ground, the velocity ofthe foot is accepted as zero. The POGASYS softwaredetermines these points as the ones at which thechange in the pitch angle is fewer than %3 of themaximum change of pitch angle and at these pointsthe velocity of the foot at three axes are estimatedas zero. The forward acceleration, velocity anddisplacement graphs of POGASYS for a free gait testare shown In Figure 10.By means of the forward velocity and displacementvalues, step speed and step length can bedetermined. Step length is estimated as the distancetraveled by the same foot, between the instances ofzero velocity points. During the tests, it is observedthat, the first step and the last step for the gait testsshow different gait patterns when compared to theintermediate steps. These differences occur at the

first step due to the focusing of the individual to thePOGASYS shoe module, and at the last step due tothe hesitation of the individual due to his/herslowing down while approaching the destinationpoint. Therefore, the first and last steps are nottaken into consideration in the calculation of thestep length, step speed and step timing parameters.Walking range is determined by utilizing theacceleration data in the y-axis by POGASYSsoftware. The software determines the gait startingpoint as the instance at which the value of the y-axisacceleration exceeds %10 of the mean of the y-axisacceleration values within the second second (thedata in the first second is not taken into account toallow the system to stabilize itself). Likewise, theend of the gait is regarded by the software as thefirst whole second in which the y-acceleration datais below the %10 more of the same mean value atthe start. After the software sets the gait period,within this range, the zero velocity points aredetermined again by the software using thealgorithm defined previously, and finally steplength, step velocity and step timing are calculated.
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Although step length, step velocity and step timingcan change from one individual to the other, by ageor gender, the ratios of these values of one foot tothe other foot are calculated and used in the gaitanalysis system. The y-axis acceleration, velocity

and displacement graphs obtained by the POGASYSsoftware from the gait tests performed for a healthyindividual are shown in Figure 11.
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time (s)Figure 11. Vertical axis acceleration, velocity and displacement graphsIn Tables 5 and 6, the velocity and displacementvalues obtained from the repeated gait tests of thesame individual are given. As it can be seen from thedata given in these tables, the standard deviation of
the minimum, maximum and mean values doesn’texceed 21 cm/s for the velocity and 5 cm for thedisplacement.

Table 5. y-axis velocity data for the same healthy individual
y-axis velocity (m/s) Minimum Maximum Mean St. DeviationTest 1 -1.68 2.42 0.17 0.58Test 2 -1.49 2.05 0.17 0.51Test 3 -1.63 2.29 0.23 0.61Test 4 -1.98 2.14 0.12 0.67Mean of the data in the columns -1.69 2.22 0.17 0.59Standard deviation of the data in the columns 0.21 0.16 0.05 0.06

Table 6. y-axis displacement data for the same healthy individual
y-axis velocity (m) Minimum Maximum Mean St. DeviationTest 1 0.00 0.22 0.01 0.03Test 2 0.00 0.24 0.01 0.03Test 3 0.03 0.19 0.01 0.02Test 4 -0.02 0.30 0.02 0.05Mean of the data in columns 0.00 0.24 0.01 0.03Standard deviation of the data  in columns 0.02 0.05 0.00 0.01



S. Bakbak, R. Kayacan, Design and Application of a Laboratory Independent Posture and Gait Analysis System (POGASYS)

32

During the gait, the displacement of the foot in theaxis normal to the medial plane of the foot (x-axis)is also equated to zero at the zero velocity instants.Thus, at each step, the distance from the center
plane of the foot is measured. The minimum,maximum, mean and standard deviation values ofthe velocity and displacement in the lateral axis areshown in Tables 7 and 8, respectively.Table 7. x-axis (lateral axis) velocity data for the same healthy individual

Lateral axis velocity (m/s) Minimum Maximum Mean Standard
DeviationTest 1 -1.58 1.73 0.06 0.63Test 2 -1.57 2.26 0.06 0.52Test 3 -1.84 2.70 0.18 0.68Test 4 -1.55 1.63 0.14 0.44Mean of the data in the columns -1.63 2.08 0.11 0.57Standard deviation of the datain the columns 0.14 0.50 0.06 0.11

Table 8. x-axis (lateral axis) displacement data for the same healthy individual
Lateral displacement (m) Minimum Maximum Mean St. DeviationTest 1 -0.09 0.16 0.00 0.03Test 2 -0.11 0.29 0.01 0.03Test 3 -0.21 0.30 0.01 0.04Test 4 -0.03 0.11 0.00 0.01Mean of the data in the columns -0.11 0.21 0.00 0.03Standard deviation of the data  inthe columns 0.07 0.10 0.00 0.01

4. ConclusionIn the first part of our study, a gait analysis system,named POGASYS, is designed and tested withhealthy individuals. The POGASYS includes apractical and cost effective shoe module which isused to obtain gait data using variou kinds ofsensors, and a software which is used byresearchers and clinicians to analyze gait dataautomatically. More than fifty gait parameters canbe calculated using the POGASYS software, andsome of them can also be visualized in graphicalforms in the software. The test results are given todetermine the gait parameters of the healthyindividuals by the POGASYS. It is shown that thevalues obtained by the software are in the expectedranges for healthy individuals, and the results areverified by repeating the tests four times for thesame individuals. In the second part of our study,the classification algorithm to distinguish thehemiplegic patients from the healthy individualswill be included in the POGASYS software.The cost of the POGASYS hardware is about 500 $for one shoe module, and when compared to theother force mats or video camera systems, it can beeasily said that it is a very cost-effective system. Theuse of POGASYS by the researchers and clinicianscan increase in the near future due to its laboratory

independent features and its user-friendly softwareinterface.In the future studies, the POGASYS software can beimproved for the classification of other “gaitaffecting diseases” such as Parkinson and CerebralPalsy. Secondly, the POGASYS shoe module can beimproved with a more compact circuit design, sothat it can be used to quantify the gait pattern of thechildren for Cerebral Palsy or other diseases.Moreover, by editing the RF communicationprotocol of the shoe module, data from both feet canbe obtained using two shoe modulessimultaneously.
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