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Injuries caused by falls are common among athletes. The field of sports mechanics and
training are moving towards implementing green technology to evaluate the performance
and training of the athletes. There is a need to understand the gait pattern of an individual
for better understanding and planning. Gait analyses performed within a laboratory
imposes restriction over an individual’s performance, which can influence the gait pattern
intended to study. A shoe-integrated sensor system provides the freedom to move the
subject freely, while at the same time provides information related to the gait pattern and
fall events occur. MEMS sensors integrated shoes are developed to study the gait pattern
for wellness monitoring among elders. The fall is detected by comparing the amount of
the pressure distribution in the respective sensors with the accelerometer placed around
the ankle. In this work, the presence of the abnormality in the gait pattern and the
abnormal point are analysed. A shoe system with sensor design and interface with
LabVIEW are developed. In case 1, the heel pressure is 35mV, the toe pressure is 9.2mV,
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acceleration value is 1.3mV and fall is no fall.

1. INTRODUCTION

Green technology is introduced in healthcare for monitoring
the health of elders and sustainable product developments for
gait assessment. Gait pattern of geriatric persons are highly
influenced by the posture changes when they try to move from
one state to other [1]. Gait analysis is an effective approach for
understanding the characteristics of a person’s locomotion,
especially in geriatric care [2]. In general people who are more
concerned towards dynamics are people who engage in sports
and physicians who plan and research in dynamics of human
motion. Sports injury commonly causes ligament and tendon
tear, which takes several months to heal and regain original
strength, so avoiding injury is essential in sports. Physicians
should have a better idea about the etiology of movements in
the process of prediction and treatment for movement related
abnormalities [3]. Timed up and Go (TUG) test are used to
understand the neuro-motor signalling in patients with
neurological disorder, which influences gait behaviour [4]. In
diabetic neuropathy the studies show that the affected elderly
show heterogeneous results in gait pattern. The common
finding is that they spend longer duration of time in stance
phase. Elders suffering neurological disorders like multiple
sclerosis, Parkinson’s diseases show a predominant difference
in their gait pattern [5]. Also the gait disturbance is affected
and modified for individuals undergone total knee replacement
and osteoarthritis and there is a need to study the gait
individually to plan for the treatment and rehabilitation [6].
Gait disturbances can have various causes there are still
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unexplored reasons such as gait differs not only among
individuals but the same individual who cannot manage
similar gait pattern between successive steps is influenced by
the ground force interaction [7]. Often, they arise due to
neurological or orthopedic illnesses and require the use of
atherapeutic attendance. There is already a multiplicity of Gait
analysis systems on the market. Nevertheless, the gait analysis
is not applied everywhere, but gait therapy is utilized [8-11].

Objectives and Contribution

(a) Gait analysis done in a laboratory imposes restriction over
an individual’s performance, which can influence the gait
pattern intended to study.

(b) Main aim of the proposed work is to acquirebest solution
is collected through the proposed topography.

(c) The proposed study is useful for dealing the optimization
issue MEMS sensors integrated shoes are developed to
study the gait pattern for wellness monitoring among
elders.

(d) In this work presence of abnormality in gait pattern and the
point of abnormality are analysed. An in-shoe system with
sensor design and interfacing with LabVIEW are
developed. In case 1, the heel pressure is 35mV, the toe
pressure is 9.2mV, acceleration value is 1.3mV and fall is
no fall. The accuracy or proficiency of the proposed and
conventional method is also exhibited.
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2. RECENT RESEARCH WORK: A BRIEF REVIEW

Several works were previously presented in the literarure
depending on gait analysis, utilizing multiple perspectives
with features, there was previously a lot of research work in
the literature. Some of them were reviewed here.

Farago et al., [12] have explained a wearable smart system
to monitor and intention assessment of foot biomechanics
through gait. Kim et al., [13] have demonstrated to remove free
features as spatiotemporal data of post stroke gait. Dostal et
al., [14] have illustrated to recognition of features linked to
accelerometric data obtained with 31 time-synchronized
sensors positioned at dissimilar kinds of body. Kanko et al.,
[15] have provided 2 studies were executed for determining
whether gait parameters scaled with marker less motion
capture reveal synchronized authority using scaled marker
based motion capture with pressure sensitive gait mat.

Gorst et al., [16] have presented new measures of lower
limb somatosensory discrimination to determine whether they
were psychometricallyrobust and whether they were identified
with development results in individuals utilizing PD.Lower
limb somatosensation asses 2 occasions at 3 to 7 days of
intervals, utilizing, 3 novel tests such as the discrimination of
gradient , roughness and step height.Also the static, dynamic
balance (Testing the brief balance evaluations systems), falls
incidence and confidence (falls efficiency scale) , gait (speed
and step length) were attained. 27 members having PD with
27 healthy controls. Chen et al., [17] have explained robotic
devices like knee exoskeletons in gait-rehabilitation provides
proficient gait-training to patients,from the intensive labor, the
physical therapistsreleased. Additionally, knee exo-skeletons
enhance the performance of humansby improving an ordinary
as well as assigned walking and the strength of the wearer's
knee joints.systematic examination such as the knee exo-
skeletons were provided.Firstly, it  presentedthe bio-
mechanics of human knee joint . Subsequently, design
concepts for knee exo-skeletons including actuators and
sensors were presented, then, introduction of associated
control techniques. Mouzo et al., [18] have elucidated a
process to estimate certain contact forces from easy gait
analyses. It generates building computational multi-
dimensional methods of subject, devices, directs forward
dynamics analysis of the orthoses given the object as the
captured motion. Atleast one force/torque sensor must be
involved for an orthosis.For a specific purpose, the
extensometry based load cell were utilized. Miyake et al., [19]
have illustrated a new algorithm for detecting heel contact and
toe-off using the inter joint co-ordination of the hip, knee,
ankle joints with low-dimensional structure. The presented
method gets 4 planes in the angle space, finds the switching
points to the planes. There are 7 participantswalked on force
plates that which measures the force of the foot against the
floor.The error was low at 0.035seconds, when gait events
were perceived,the first flight datum of calculating planes
were used. The change in patterns of inter joint co-ordination
reflects the changes in the gait phases.Although, the data were
calculated offline, the outcomespecifies that, once the planes
were received , the angles were perceived, heel contact, toe-
off were detected.

Ojeda and Mayo [20] have portrayed a method for
estimating the normal withtangential contact parameters in
foot ground contact through the human gait. Forecast accurate
assessment of contact parameters was vital for solving the
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forward dynamic issues.A normal contact forces were
assessed in the literature. But, the exact tangential forces did
not reach for estimation. The presented work suggests a new
process for exactly estimated frictional forces. The modulus of
tangential force was deemed instead of its components. The
normal contact force together with 2 related moments were
taken in optimizing approach, to reaches the contact
forces.The reverse dynamic issuewas handled in the prior
optimization approach. Ezati et al., [21] have introduced a
novel method to classify the recent predictive simulation
methods for human gait analysis.The introduced method
based upon 3 strategies: (1) the human models(skeletal,
musculoskeletal, neuromusculoskeletal models) (2) problem
formulation, (3) solvers of simulation. Human dynamic
methods were categorizeddepending on muscle processing
and / or contraction dynamics or joint torsions (instead of
muscle dynamics) were used in analysis. Various formulas
utilize the integration, differentiation/implicit declartion of
dynamic equations. Various simulation solutions ( semi- and
fully-predictive simulation modes) were examined. At last, the
pros and cons of various formulas and simulation solutions
were analysed . Veerkamp et al., [22] have studied how
lowering severalphysicalbased criteria such as cost of
transport, muscular activity, stableness in head, foot ground
effect, use of knee ligaments these will impact the predicted
gait that was developed along with evaluated combined
weighted cost function were tuned for the healthy gait
prediction. Generally, planar musculo skeletal techniques
along with eighteen Hill type muscles were implemented by
utilizing the reflex based as well as the controller of
parameter. Firstly, basic simulation platform were used as an
individual criteria . Gait patterns were calculated based on
minimizing every criteria were related with the experimental
data for the healthy gait by utilizing the determination
coefficients (R2), root mean square errors (RMSE) calculated
all over the bio-mechanical variables. Secondlyby gradual
additions,the optimal weight related cost function were
created. Thirdly, eficacy outcomes linked process were
evaluated through mixing the predicted gait with the
simulation which were optimal for monitoring the
experimental data.

2.1. Background of the Research Work

Human gait depends on the difficult interaction of more
important parts of the nervous, which was musculoskeletal,
and cardio respiratory systems. Technology supports the
analysis of human motion was dramatically advanced.
Locomotion research over the past various decades have
provided , that utilizes significant knowledge of the accuracy
of the tests performed, understand human locomotion process,
and how clinical test can be used for evaluating the medical
disorders and their treatment.Gait analysis was presently
recognized as clinically supportive and monetarily
reimbursable for certain medical conditions. In any case , the
routine of clinical use such as the gait analysis have been
utilized only through the restricted growth. The problems of
the clinical value depends on the variables including the
materialness of existing methods to tackle the clinical issues;
restricted utilization of specific tests to address a wide various
clinical problems; the way wherein step labs coordinated, tests
performed, reports produced with the clinical understanding,
assumptions for research center results.Clinical use was
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graetly hampered when the time, costs were expected to play
the review and interpret it. A "gait" report was extended
because its data were not yet known well ,which undergoes a
clinical interpretation, also, it not utilize another clinical tests.
Present bio-technology research seeks to solve these issues by
creating methods such as for frequentlycapturing the data,
accurately, efficiently,also, it interpret with some of the
assortment of modelling, statistical, wave interpretation,
artificial intelligence strategies. The success of certain efforts
depends on both technical abilities, communication amid
engineers , clinicians, isorders of the gait due to deformities,
weakness or other impairments that alters the gait pattern, For
instance loss of motor control/pain. The prevalence
maximizes the age, the number of people involved will
maximize significantly in the forthcoming a very long time
because of the normal population changes. Careful history and
physical, neurological and orthopedic examinations focusing
on the complete clinical observation, gait and fall of the gait
serve as a guide to the basic steps in classifying gait disorders
and ancillary investigations and therapeutic interventions.
These drawbacks were motivated to do this research work.

3. METHODOLOGY

Green technology includes design of sensor system and
integration with modern techniques for wellness monitoring
and assessment. Development of gait system is one of the vital
methods for analysis of foot-ground interaction. GAIT is done
using Flexi Force sensors and accelerometers are used to
detect the fall. The reflective marker method [23] is less
sensitive to acquire foot pressure distribution. where it is
position in the toe region and the second sensor in the heel
region. During normal gait, the pressure distribution will be
even and uniform in the Heel region [24] as the subject
completes the gait cycles with appreciable foot ground force
exchange as given in figure 1.

Schematic of foot - ground interactions
No proximity of
No proximity of ground surface No proximity of
ground surface  dotacted ground surface
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Figure 1. Schematic of Foot-Ground Interaction

When there is abnormality in the gait pattern of the subject
then the pressure is unevenly distributed in the Heel and toe
region sensors. Also, when there is fall it is detected by the
three-axis accelerometer connected in the ankle [25]. The
pressure distribution information and the accelerometer data
are conveyed to the LabVIEW platform through Data
acquisition unit such as my DAQ which is a standard
interfacing device. The gait analysis system consists of two
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Flexi force sensors placed in the inner sole at the feet and heel
region of the shoe as shown in figure 2.

Flexi force pressure sensor

f \

Toe region Heel region

Shoe sole

Figure2. Positioning of Flexiforce sensor in-sole

Flexiforce sensors are resistive sensors in which the output
is inversely proportional to the applied load. The flexiforce
sensors are placed in-shoe [26] at desired location. When the
sensors are at rest the resistance is about 3 MQ of range. As
the load is applied the resistance decreases as per the sensor
property. The output is calculated using the formula,

Vout=-Vi (R¢/Ry)

where Vout is the output voltage, Vi is the input voltage, Ry
is the feedback resistance and R; is the sensor. Output from the
sensor is to be amplified and hence we use quad amplifiers.
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Figure 3. Circuit Diagram of Shoe Integrated Sensor System

The amplified sensor output and the accelerometer single-
axis output are given to the data acquisition card, which is
interfaced with the PC. Figure 3 shows the overall circuit
implementation of the hardware unit. The main principle of the
device is:

All natural gaits are designed to complete a person forward,
it also suitable for lateral movement.

Because natural gait all have the same purpose, they
generally distinguished when the leg muscles are used as gait
cycle and it was categorized into 2 primary phases such as the
stance and swing phases, which is a substitute for all the lower
limb. Stance phase is the total time where foot is on the
ground.Swing phase is the total time where the foot is on the
air. During stance phase of gait, the foot persists in stationary
contact utilize the ground while the body needs to continue
forward progression.A balance between progress and
maintenance of stability is required to facilitate the body’s
progress.Phases of the gait cycle are ,

1. Initial Contact
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3.1. Season analysis

This is necessary to build up support in warm ups, stretches,
practices that emphasis on the major muscle bunches usually
utilized in sports of interest. Participating in these occasions
will diminishes the muscle cramps, torn muscles, stress
breaks. One of the beneficial reviews is season analysis, that
prevents injuries while playing sports.Also, it is one of the
endeavor for detecting the risks, by reviewing training
techniques, schedules for the competition, travelling, past
injuries. Assuming injurie that happens previously, season
analysis surveys checks whether it is identified with a
particular training/event/ competition program.For instance, a
stress fracture injury in a soccer/cross country team, might be
related to concurrent changes in stream and changes in the
running climate from soft to the hard surface. Seasonal
analysis might be called as a group based outcomes/individual
athletic outcomes. Another important events associated with
injury events include changes in the amount of training,
changes in climate, choosing time to play significant matches,
poor sleep due to tight chaotic scheduling. It is significant for
the team program chiefs, staffs are involved in testing, to
guarantee that they are healthy, competitive, confident athletes
for the forthcoming seasons.

3.2. Preseason screening

It is one of the another player sports injuries. Study shows,
the greatest injury rate in the 15th Division I, I and III training
of NCAA sports is similar to in-season or post-season.For
preparing an athlete, a sport pre-participation examinations are
conducted regularly with hundreds of thousands of athletes
every year. Physical exam is uniquely main , in order to
restrict the risks of injury, also diagnosing in the begining
stage for possible injury.Preseason screenings consists of
mobility joint testing (ankles, wrists, hips, etc.), stability in
the joint test (knees, neck, etc.), muscle strength testing and
power, breathing patterns.Main purpose of preseason
screening is to identifying the participations of athletes
clearly and maintain that there is no signs of injury or illness,
otherwise , it will become a risk to the athlete (risk liability
for the organization of the sports). Furthermore, physical test,
fluidity in joint movements, pre-season screenings are
considered nutritional aspect. It is essential to keep up the
appropriate iron levels, pulse levels, liquid equilibrium,
sufficient complete energy intake and typical glycogen
levels.When a nutrition aid the body's daily intake needs,
nutrition can helps to prevent injury and rehabilitation.
Achieving the adequate measure in calories, starches, liquids,
protein, nutrients and minerals is a essential one for the
competitor are all limits the risks of the potential injuries.For
instance , the male as well as the female athletes of about 60%
of female college athletes suffer from iron deficiency.
Different factors, for instance, monthly cycle, gastrointestinal
dying, insufficient iron admission from the eating regimen,
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general exhaustion, shortcoming is because of the above
mentioned iron loss. If an effect of iron loss is not solved,
that leads to impaired athletic eficacy , immune , cognitive
function decay.

3.3. Functional movement screen

Methods that utilized the preseason screening processis
functional movement screen (FMS). It utilized for assessing
operating modes and asymmetry, that provides insights into
mechanical restrictions and likely danger of injury. Also, it has
7 basic fundamental movements that needs mobility and
stability balance. The basic fundamental movements of
patterns provides the visible performance of the basic
locomotor, manipulative, stabilizing movements. Tests makes
an individual athlete into an extreme positions such as
weakness and imbalance, this clearly shows that the proper
stability , mobility are not functioning properly.Some of the 7
fundamental movements of patterns like deep squat, hurdle
step, inline lung, shoulder mobility, active straightleg raise,
trunk stability push-up, rotary stability. For instance, deep
squat is one of the difficulties to overcome the whole body
parts. It utilizes gauge bilateral, symmetrical , functional
mobility such as hips, knees, ankles.The dowel measures such
as overhead gauges of bilateral , symmetrical mobility of the
shoulders, the thoracic spine. This deep squat approach needs
an exact pelvic rhythm, closed kinetic chain dorsiflexion
ankles, flexion in knees , hips, extention of thoracic spine,
flexion, shoulders abduction. A score framework is applied to
every development such as the score of 3 is given to the
competitor assuming they can play out the development with
no pay, a score of 2 is given to the athelete on the off chance
that they can play out the development, yet work on helpless
mechanics, compensatory examples accomplish this
development, a score 1 is given to the athelete on the off
chance that they can't play out the development design even
with pay, lastly, a 0 is given to the athelete assuming one has
torment during any piece of the development or test.From the
seven basics 3 are includes shoulder mobility, push-up in
trunk stability , rotary stability which gives a scoring
clearance in pass/ fail score. Suppose, if they fails in the test,
an overall scores of 0 is given. Finally, the score part finishes
, the competitor and clinical expert verify the documentation
together, assign an anticipation program for helping the target
as well as to boost up the shortcomings, to restrict the dangers
of potential injuries.

4. FORCE SENSOR DESIGN

Due to ultra-thin and flexible nature flexi force sensors find
more application in pressure measurements. It is thin made of
double layered laminated substrate made of polyester film.
The active sensing area specifies 0.375 inches in diameter
circle. Flexiforce sensors are concluded using solder able male
square pin connector that permits integrated circuit [26]. The
Standard A201 sensor is available in the force ranging from (0
to 250) Lbs is preferred for its linearity and reliability.
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Figure 4. Flexiforce SensorsCircuit Design
5. SENSOR CHARACTERISTICS

Force-to-voltage circuit is the commonly used method of
design for flexiforce sensor preferred for in-shoe sensor [27].
One way is to integrate into a given in figure 4. A calibration
device should found for converting the output into suitable
engineering units. The figure 5 shows that standard calibration
characteristics of the sensor used for compression loading. In
this case, 5 volts DC excitation voltage with data acquisition
circuit having an inverter operational amplifier configuration
create an analog output with high amplifier gain and sensitivity
[28]. Ananalog-to-digital converter may utilize for changing
this voltage in the direction of the digital output.. The Ry
resistance must be changed by changing the sensitivity of the
sensor in this circuit. The figure 5 shows the sensor
characteristics for the input load and change in resistance. Low
resistance and higher drive voltage Vr will create that sensor
high sensitive and enlarge their active power range.
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Figure 5. Characteristics of Flexiforce Sensors
6. DESIGN OF GAIT SENSOR

The accelerometer is used to detect fall of the patient in this
project. The sensor used is ADXL335.1t is an 3-axis sensor is
less, profile package is also less, 4 mm X 4 mm x 1.45 mm,
Less power: 350 pA (usual),Single supply of operation: 1.8 V
to 3.6 V, +3g accelerometer with 10,000g impact force, good
temperature stability, bandwidth can be adjusted to a single
capacitor per axis.
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6.1. Circuit Description

The ADXL335 is a tri axial accelerometer in which the
measure and is converted into voltage output. The range of
operation of the sensor is £3g and it can measure even a very
small deflection in the measuring parameter. Static and
dynamic acceleration such as foot ground interaction during
the phases of walk can be effectively studied using this sensor.
So, it can measure movement and fall. The bandwidth of the
accelerometer can be user specified by selecting CX, CY, CZ
capacitors at XOUT, YOUT, ZOUT pins. The bandwidth is
between 0.5Hz to 1600 Hz for X , Y axis, for Z-axis, the range
attains 0.5 Hz to 550 Hz. The size and the sensor dimension
is 4 mm x 4 mm X 1.45 mm, sixteen lead and plastic lead
frame. These functional block diagram of accelerometer used
in circuit development is shown in the figure 6.
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Figure 6. Functional Block Diagram of Accelerometer
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Accelerometer has two circuitry namely: (1) 3-axis sensor
(2) signal conditioning circuit for amplification and
demodulation takes place. The voltage output is obtained. The
three-axis measurement is done using the accelerometer. The
three different axes are sensed using the sensor can determine
spatiotemporal patterns of gait. The output from the sensor is
given to the AC amplifying circuit. Thus, the output is
amplified and is driven to the demodulator built-in the IC.
Here the output is demodulated and is amplified again by three
separate amplifiers for three different axes respectively. Hence
the required axis output is derived.

7. SOFTWARE DESIGN

Analysis of foot-ground interactions is determined using
LabVIEW based software design. LabVIEW programs are
named Virtual Instruments (VI), since its look and operation
emulate physical instruments, like oscilloscopes along with
multimeter. Each VI utilizes works, which control input as
user interface/other sources, exhibit that information. The
front panel in the VI consists of two components that act as
user interface and block diagram contains the graphical source
code of VI describes their functionality.

8. FRONT PANEL AND BLOCK DIAGRAM
Front panel consists of waveform graphs to display pressure

distribution, array indicators to display amplitudes and
separate provisions to enter patient data. The desired sampling
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rate and number of samples are to be set here else the program
uses the default rates.

The co-ordinates of the detected points are stored in
blocksand is shown in the right side of the
figure.Processingthe gait image is in the 2nd and 3rd tabs. In
2nd tab, real gait image is enabled and in the 3rd tab saved,
reloaded gait image is enabled . As per the tests, 4th degree
(quadratic) polynomial function is the most accurate fit. For
the quarter degree  polynomials, 3rd, 4th coefficients
considersonly smaller values (up to 10-10), also the second
order (quadratic) function follows the curve drawn points, so
the 4thdegree polynomials usage is inessential. The front
panel as represented in Fig. 7 that means for the user to run the
block diagram to the developer which accompany the program
developed for the front panel. With the help of graphical
environment, every modules have been created.
Randomization processes are inbuilt in software, these are
investigated to the development of virtual experiment codes
and to make slightly variant data as seen in real lab experiment.
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Figure 7. LabVIEW Block Diagram of the Software Design

Table 1. Accuracy comparison of proposed and conventional

method
Solution techniques Accuracy (%)
Proposed 99.143%
Conventional 87.10348%

A configured DAQ Assistant is used to get the inputs and
display them in LabVIEW. The number of samples and the
sample rate are given to the DAQ Assistant. The output data
from the DAQ are divided into different channels. The split
data are displayed in different Waveform graphs. A single
waveform graph depicts the pressure variation in one foot i.e.,
it displays two waveforms corresponding to the pressure
distribution in heel and toe respectively by using Merge signal
function [24]. Two separate filters are used with soothing to
filter the output voltage signals and the signals are software
amplified by a scalar of 20.The amplified signals are then
displayed in the appropriate graphs. The output of
Accelerometer is displayed using an array indicator. The
patient details section in block diagram just gets the primary
details of the patient such as name, age, gender and date of
birth. That section has nothing to do with the analysis. Table 1
displays the efficiency comparison of the proposed and
conventional method. Here, the efficiency of proposed
methodattains 99.143% and the conventional method is
87.10348%.
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9. RESULTS AND DISCUSSIONS

The resulting waveforms of the flexiforce sensors and
accelerometer are acquired and displayed using LabVIEW
indicate the applied pressure and fallevents. Pressure variation
during gait was sensed by the flexiforce sensors are displayed
using waveform graphs in LabVIEW. The accelerometer
output was displayed using array indicator where set of values
of varied axes was displayed in the LabVIEW [29]. Flexiforce
sensors and accelerometer outputs have different voltages
ranges. Hence different cases are studied and viewed for
various results. Using DAQ the outputs of four flexiforce
sensors and one accelerometer are first split into five different
output channels. Then the 1% and 2™ channel indicating the
outputs of a single leg placed in heel and toe region are
displayed as waveforms 1 and 2. The 3™ and 4% channel
indicating the outputs of the other leg placed in heel and toe
region are displayed as waveforms 3 and 4. The accelerometer
output is obtained from channel 5 is indicated using array
indicator in the output figures.
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Figure 10. LabVIEW Display of Abnormal Gait Indicating
Over Pronation

Normally the pressure distribution in the foot is high in the
heel region compared to the toe region. In this project during
gait, the normal gait pattern of a single leg was ranging around
0V to 40V in the heel region and in the toe region the voltage
range was around OV to 10V. When there is no fall the voltage
range indicated by accelerometer was around 1.3V to 1.4V.
Thus, the different abnormal gait patterns the voltage ranges
above the normal voltage ranges either in heel or toe region.
In the figure8 indicates the output of pressure in the heel region
and output of pressure in the toe region. The array indicator in
the figure8 indicates the accelerometer output. Thus, the
pressure ranges around 2mV to 35mV in heel region and 0.8
to 9.2mV in the toe region. The accelerometer indicates a
voltage range of 1.3V, which means there is no fall during gait
[30]. Thus, the result obtained in this case was analyzed to be
normal. The unit millivolts are indicated as mV.

In the figure 9 the waveform graph 1 indicates the output of
pressure in the heel region and waveform graph 2 indicates the
output of pressure in the toe region. The array indicator in the
fig 9 indicates the accelerometer output. Thus, the pressure
ranges around 0.5mV to 53mV in heel region and SmV to
19mV in the toe region. The accelerometer indicates a voltage
range of 1.8V which means there is fall during gait. Thus, the
result obtained in this case was analyzed to be slightly
pronated with fall of the subject.

In the figure 10, the waveform graph 1 indicates the output
of pressure in the heel region and waveform graph 2 indicates
the output of pressure in the toe region. The array indicator in
the figure 10, indicates the accelerometer output. Thus, the
pressure ranges around 70mV to 74mV in heel region and
4mV to 6mV in the toe region. The accelerometer indicates a
voltage range of 1.6V which means there is fall during gait
[31, 32]. Thus, the result obtained in this case was analyzed to
be over-pronated where pressure abruptly distributed in foot
with slight fall of the subject.

Hence from the below table 2 it becomes evidence that even
a small forward lean by less than one degree can cause a
deflection in the accelerometer voltage by 0.1 V — 0.2 V which
will help in the prediction of fall in the respective plane. Also,
the difference in the pressure distribution in the heel and toe
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region helps in understanding the abnormality of the foot
ground contact during gait by displaying the rate of pronation.
In case 1, the heel pressure is 35mV, the toe pressure is 9.2mV,
acceleration value is 1.3mV and fall is no fall. In case 2, the
heel pressure is 53mV, the toe pressure is 19mV, acceleration
value is 1.8mV and fall is fall. In case 3, the heel pressure is
74mV, the toe pressure is 6mV, acceleration value is 1.6mV
and fall is fall. In case 4, the heel pressure is 42mV, the toe
pressure is 10mV, acceleration value is 1.2mV and fall is no
fall. In case 5, the heel pressure is 26mV, the toe pressure is
6mV, acceleration value is 1.4mV and fall is no fall. In case 6,
the heel pressure is 50mV, the toe pressure is 10mV,
acceleration value is 1.6mV and fall is fall. In case 7, the heel
pressure is 82mV, the toe pressure is 18mV, acceleration value
is 1.7mV and fall is fall. In case 8, the heel pressure is 70mV,
the toe pressure is 9ImV, acceleration value is 1.9mV and fall
is fall. In case 9, the heel pressure is 48mV, the toe pressure is
8mV, acceleration value is 1.2mV and fall is no fall. In case
10, the heel pressure is 77mV, the toe pressure is 17mV,
acceleration value is 1.3mV and fall is fall.

Table 2. Pressure distribution and acceleration value during
various gait pattern.

Case Heel Toe Acc. Fall
pressure pressure value

1 35mV 92 mV 1.3V No
fall

2 53mV 19mV 1.8V Fall

3 74mV omV 1.6V Fall

4 42mvV 10mV 12V No
fall

5 26 mV 6mvV 14V No
fall

6 50mV 10mV 1.6V Fall

7 82mvV 18mV 1.7V Fall

8 70mV ImV 1.9V Fall
No

9 48mV 8§ mV 12V Fall
10 77mV 17mV 1.3V Fall

10. CONCLUSION

Abnormal gait analysis is a major research in biomedical
engineering and the green technology integration helps in
sustainable developments in healthcare field. The present
work exhibits the accurate determination of abnormal gait
pattern that helps in diagnosis of fall in elders and sports
person. Additionally, a fall of a person during gait is detected
using the analysis from different patterns of gait from normal
gait. Normally the analysis of proper gait is analyzed by the
distribution of the pressure in foot. In-shoe sensor system
reveals the pressure distribution in foot in the toe and heel
region for a small change in the gait pattern. This information
can be used for analysing the cause of abnormality, treatment
plan and surgical selection. The system determines point of
abnormality and can be made into a special footware are the
scope for future work. Future models will combine the 3-D
feature of musculoskeletal geometry, as well as exact
parameters of the subjects. The future of gait analysis has the
capability to quickly process future data and recognized
effects in the patient's functioning. At future, neural networks
may be employed for differentiating normal along with
pathologic gait. The future of gait-driven analysis will need
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that capability for recognizing critical tests, interpret data more
quickly, forecast the result of different clinical procedures, and
enumerate the outcomes.
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