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ABSTRACT
Dynamic foot pressure measurement is mandatory particularly for diabetic & polio patients who usually suffer
from lack of nerve sensation, especially in the feet which sooner or later Dynamic foot pressure measurement is
necessary particularly for diabetic & polio patients who usually suffer from lack of nerve sensation, especially in the
feet which sooner or later lead to gangrene and amputation. The present works describe a low cost optical sensing
system for the above. It uses a horizontally placed transparent acrylic sheet with a webcam placed below facing
upwards. Light source from LED strips are made to enter the acrylic sheet from a side and traversed through the
thickness by total internal reflection (TIR). Points where pressure is applied from the top, the light intensity at the
corresponding point in the image becomes high. The scattered light rays from the acrylic sheet are captured by the
webcam. Computer software on MATLAB platform was developed to and analyzes the data to display dynamic
pressure distribution in artificial color contours (RGB).
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1. INTRODUCTION

Diabetic patients usually suffer from a condition called neuropathy which is lack of nerve sensation, at the

feet. Therefore, gait while walking and standing deviate from a normal person and high pressure points develop
under their feet. Hence, they do not feel any pain due to neuropathy. As a result, at these pressure points, ulcers
are formed which leads to gangrene and amputation if proper care is not taken. Therefore, in order to detect the
pressure points early simple device to assess and measure the pressure distribution under the feet would be very
helpful. A special kind of insoles is prepared to spread the pressure evenly throughout the feet, thus saving the
patient from amputation. Pressure points and pattern may differ while walking and standing. From a clinical
point of view a dynamic pressure measurement during walking has at most importance.
Literature Review: Betts (1980), developed the first foot pressure measurements towards the end of nineteenth
century for clinical purposes. It started with a simple analogue pressure measurement system which is made
of deformable substances or a glass plate. In 1960°smany researches were made to develop more accurate
electronic systems. The first computer based portable foot pressure systems began to evolve because of the
continuous miniaturization of electronics, developed by Randolph.

The sensing unit of this computerized insole was portable and relied on a wired connection to a stationary
computer, hence limiting the scope of applications to laboratory experiments. In modern orthopedics, foots digital
display of pressure distribution has become an indispensable element of diagnosis. Force sensing resistors for
measuring foot pressure has been studied extensively. A system that measures the foot pressure as well as is also
able to adjust an orthotic is Smart Orthotics. In certain other applications, measuring foot pressures can help
monitor risk of amputations caused in the case of diabetic foot. Diabetic described an approach in which pressure
sensors and acceleration sensors are used whose data are processed.

As early as the 1990s, A foot pressure, a pressure distribution measuring system was developed a using
seven force sensitive resistors (FSR). In 1995, a footswitch system was designed which was capable of detecting
temporal gait parameters. Later, in 1997, Cleveland Medical Devices Inc. developed an in-shoe wireless system
which measured time, weight and centre of foot contact of each foot. This was done with the help of a set of thick-
film force sensors.

Problem Statement: During locomotion the primary surface of interaction with the environment is provided by
feet. Most people pay little attention to their feet, while standing for several hours, moving rapidly during sports or
carrying heavy objects they have to withstand physical strain. Thus foot problems should be diagnosed at an early
stage for preventing from injury. The pressure points may vary among men and women due to differences in
plantar loading. With regard to applications involving disease diagnosis, foot ulceration problems are a main
concern due to diabetes that can result in excessive foot plantar pressures in specific areas under the foot. Diabetes
is an epidemic and, according to some reports, the number of affected patients is expected to increase from 171
million in 2000 to 366 million in 2030. Improvement in balance is considered important both in sports and
biomedical applications. With respect to healthcare, pressure distributions can be related to gait instability in the
elderly and other balance Impaired individuals and foot plantar pressure information can be used for improving
balance in the elderly. It is crucial to devise techniques capable of accurately and reliably measuring foot pressure.
Proposed System: The proposed system model consists of

o Data acquisition hardware module

e Image capture module
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e Image processing module
e Display module

Figure.l.Figure showing the system architecture of the device
Data acquisition hardware module: It consists of a transparent acrylic sheet of thickness 6mm, which is placed
horizontally over a hollow box. The acrylic sheet is cheaper compared to glass of the same thickness. The sheet
used has a good transparency and can easily be scratched so care should be taken while taking the measurements
as scratches on the sheet may add up to the scattered light. All the edges of the sheet should be smoothly polished
as the light has to enter the glass perpendicularly through the edges.

Light from an array of LEDs is made to pass through the sheet through its edges. Light passes through
the sheet due to total internal reflection and virtually no light comes out from either bottom or top of the
acrylic sheet when no pressure is applied (Fig.2). On contrary when a pressure is applied it breaks down the total
internal reflection of the light and as a result part of the light is scattered downwards as the pressure is applied from
Fig.2.1
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Figure.2. When no Pressure is applied on the sheet  Figure.2.1.When Pressure is applied on the sheet
it breaks down total internal reflection and scatters
beams downwards.
Image capture module: The camera is placed at a distance of approximately 30 cm from the acrylic sheet to
capture the entire feet. Normally when no pressure is applied the image is obtained is a dark image. When
pressure is applied on the surface of the sheet it causes breakdown of total internal reflection. As a result at these
points light rays scatters away from the sheet. From below these scattered lights is captured by a web cam. As
the applied pressure increases, the intensity (brightness) of the scattered light also increases and they appear
brighter compared to other less pressure areas. The web cam which is place below captures the images and stores
in a database. Later the data is processed and analyzed using MATLAB software. The diagram of the setup is as
shown in Fig.3.
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Figure.3. Figure showing the entire setup of the device

Image processing module: The image captured by the webcam is transferred to the computer using custom
software developed in MATLAB. An image processing algorithm is used to create a mask to segment only the
feet from the image, thus remove the background. The image obtained from the webcam is in JPEG file format
with RGB components. The algorithm converts the image into HSV (H=Hue, S=Saturation, V=Value) format.
‘Hue’ component determines the degree of similarity or difference of the perceived color components from the
Red, Green, Blue and Yellow components. ‘Saturation’ determines the richness and colorfulness in the perceived
color. “Value’ determines the lightness or darkness in the perceived color component. The algorithm sets
threshold on the HSV components of the image to segment the feet from the background. Based on the threshold,
the image is converted to the mask image in binary format with 1 representing the feet region and O representing
the background. To remove the noise and smoothen the image an erode process was applied onto the mask. The
eroded mask was applied on to the original image from the camera to get the segmented feet. The segmented
feet image was color-coded to vary from red-blue with zero corresponding to blue and 255 corresponding to red.
Because of the higher light intensity at larger pressure points, it appears close to the red spectra of colors, whereas
the region with lower pressure is seen with shades of blue color.

Display Module: The data display module consists of the MATLAB GUI as shown in figure 4. The GUI has
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option to apply different algorithms. The GUI displays the original image captured by the webcam along with its
Red, Green and Blue components. Also, it displays the Hue, Saturation and Value components used to segment
the image. The image displays the generated mask and the segmented feet. Once the algorithm completes
processing it displays the color coded image of the feet with red spectra indicating regions of high pressure and
blue spectra that of low pressure.

Figure.4. Figure showing the MATLAB GUI for data recording and storage
2. EXPERIMENT SETUP

For the experimental setup, the subject’s feet was placed on the acrylic sheeted surface of a box with
dimension 30x23x25 cm having the light source fitted on one edge and the webcam to the bottom facing upwards
as shown in fig.5. Different mediums were used between the feet and the acrylic sheet to observe the variation of
the image obtained in the webcam. Water, oil, paper and air were used as medium for different experiments. Since
better images were obtained with oil as the medium, the analysis was performed on them. The subject was
made to step on the acrylic sheet and the image was captured using a webcam. The images from two subjects were
then sent to the custom tool developed in MATLAB for further processing.

Figure.5. Feet placed on the box
3. RESULTS
The feet image was captured using the MATLAB tool and the image analysis algorithm was applied as
shown in figure.6.
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Figure.6. Figure showing the feet image captured in the MATLAB tool and various stages of the analysis
algorithm.
A color-coded form of the image is obtained as shown in figure.7 and figure.8.
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Figure .7. Figure showing the color coded image of Figure.8. Figure showing the color coded image of
the feet from subject the feet from subject 2

The algorithm generates Red, Green and Blue component of the image. It converts the image to HSV
format and plots the Hue, Saturation and Value components of the image. With prefixed threshold on the Hue,
Saturation and Value components a mask is generated to segment the feet. After applying the smoothing algorithm
and segmenting the feet, color coded images of the feet are obtained as shown in figure.7, and figure.8. The color-
coded image from the result was visually compared against an off the shelf foot pressure mapping system from
Go-tec® as shown in figure.9.
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Figure.9. The foot pressure in Go-tec foot pressure mapping system
The images obtained from the software tool has high pressure points at the ball and heel region of the
feet as observed in the images obtained from the off the shelf system. Also, the sole region was found to have
low pressure in both the cases. Thus the system was found to be successful in generating a color-coded image for
feet pressure using a low cost image acquisition system

4. CONCLUSION

A low cost, simple device was designed for pressure monitoring. Here an optical sensing mechanism of
Total Internal reflection was used the image captured was processed by using MATLAB. The color coded image
was displayed in a MATLAB GUI. The system was tested with a few volunteers and various measurements were
taken. The measurement of foot pressure is useful for analyzing the gait and early detection of ulceration in the
case of diabetic patients. It can also be used in hospitals and clinics and shoe making
Future Scope: A pressure pad with sensor array can be used to validate the color-coding with the real pressure
values. After validation, the system can be used to track feet pressure variation in real-time using the same algorithm.
This way the system can be used to track gait dynamically and provide an analysis report. This can be deployed
in a rural setting for further validation procedures.
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