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Abstract

Objective: The purpose of the study is to develop a system for measuring the pressure level at several points on the foot
sole. Methodology: The pressure sensors placed on the pressure plate develops a voltage for the corresponding exerted
pressure and the voltages are amplified to a considerable value and fed into the multiplexer for digitization by using A/D
convertor for further processing. All the data are normalized to obtain an appropriate image. The image colour intensities
indicate different pressure distributions of the foot. Findings: The diabetes patients are made to walk on the pressure
device and the distributions of pressure are simulated with various color coding using Visual Basic (VB) and the range of
pressure from minimum to maximum is validated. Applications/Improvements: The pressure distribution of a patient is
found in the foot sole and an appropriate foot wear can be designed to avoid foot ulcers and other deformations.
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1. Introduction

It is found that foot pressure’ is affected by the weight of
the person, gait patterns, foot deformities and walking
velocity. It is also reported that the high magnitude of pres-
sure ulcers as well as bone deformities brand. In an effort
to determine the role of pressure we built foot pressure
data acquisition system to monitor the pressure distribu-
tion” beneath the feet during regular walking and correct
the abnormal distribution of foot pressure. Observing of
the pressure variations of foot sole’ is carried out for the
below key purposes

 Research purpose.
o Medical analysis.
» Foot deformities.

As a part of investigations, the information gathered
in feet for normal and abnormal locomotive positions
were acquired by pressure monitoring device. The cli-
nician diagnosis the patients foot pressure distribution
using this pressure monitoring device and assess the
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treatment. In certain situations, foot conditions responds
stubborn to the cases such as medication physiotherapy
or surgery. The studies have shown that leprosy or dia-
betes patient experiences dumb feet. This pain sensation
loss and aching, affects the distribution of pressure and
areas around the metatarsal heads. So the measurement
of foot pressure plays an important role. This diabetic foot
is especially susceptible to the complications of vascular
disease and neuropathy (i.e.) such as temperature sus-
ceptibility in their feet and loss pain. During walking or
standing* information about pressures are been relieved.
Thus they can injure their feet accidently without being
aware of the injury. Bone changes are produced by
repetitive injury, causing their foot to become deformed.
According to the changes made new pressure points are
created which result in ulceration. Infections frequently
develop in these ulcers, with the risk of progressing to
gangrene and amputation. In attempt to solve the prob-
lem, footwear is being designed incorporating pressure
transducers at vital pressures points to indicate any
abnormalities in the pressure distribution pattern and to
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correct the abnormalities in the foot pressure distribution
this system is developed.

Recently some research has been done for foot pressure
measurement and interpolates those results. Foot pres-
sure has to discriminate normal and abnormal subjects
however, improved performance is required for clinical
use. Another method of measuring the pressure distribu-
tion under the foot is to place sensors in the sole of a shoe.
This technique can measure the plantar pressure®® during
the normal activity of a shoe-wearing subject. Bauman
and Brand', tapped capacitive pressure pads Hundred
(mm?) in area and Imm dense to the sole of the foot with
adhesive tape. These sensors were positioned beneath’ the
5 metatarsals heads, the great toe and the heal. A simi-
lar system using piezoelectric sensors in pads 735mm?
where are several problems with the sensors because of its
structure shape and attachment to the shoe to solve this
problem they subsequently used a flexible capacitive sen-
sor'® made of rubber sponge and copper coils. There are
several studies has done before.

To rectify the disadvantages, capacitive type system
can be established and united with computerized health
care systems that purpose at supporting nonstop and
remote monitoring of aided livings. The foot pressure
measurement system was developed for the patients with
foot deformities especially for diabetic people'. This sys-
tem consists of pressure sensors, incorporated in the foot
pressure plate, multi-channel data acquisition system”'?,
signal conditioner, process software, display unit.

2. Methodology

The procedure followed is depicted in Figure 1. The human
has to walk in the pressure plate results that there is a
change in the capacitance which results the change in out-
put voltage. In this output, voltage change can be converted
into digital by the use of analog to digital converter. After
converted, the digital pulses will be given to the processor
for further processing. By the use of computer, the system
can be analyzed and interpolated. There is a color coding
scheme can be followed in this system. There are seven set
(VIBGYOR)*of color scheme can be used for plotting. Red
color is used for peak pressure and violet is used for violet.
Visual Basic (VB) tool is used to create a GUI system.

The system strives to give an indication of the
pressure points in an easy and decipherable form. This
site facilitates the pressure acquisition with no complex
circuitry. The concept and components of the system
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Figure 1. Flowchart of the system.

are easy to implement and they are also minor and light
enough so as to disturb the subject’s gait'. The flow chart
shows the general description of the system. The pres-
sure sensors are inculpated in the sole of the footwear".
When pressure is exerted, these sensors show a change
in characteristic change in the features is proportional to
pressure and thus a corresponding increase in the output
voltage. This voltage is brought to a well-suited level by
means of the amplifier unit.

The output from the multi-channel data acquisition
system is then multiplexed and converted into the digi-
tal form by an A/D which is inbuilt in microcontroller.
The digitized output will be processed for normaliza-
tion and symbolic representation by means of suitable
software and the final display gives the appropriate
color strengths to specify different pressure spreading
on the foot.

3. Results and Discussion

The patient’s foot pressure variation deeply affects the
output voltage due to the change in capacitance. All the
patient details can be entered in the VB platform as shown
in the Figure 2. As a preliminary investigation, a male
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patient of age 48 affected from diabetes allowed to walk
on the electronic foot pressure device and the respective
voltages, color coding with pressure differences is plotted
in the system which is shown in the Figure 3. The cod-
ing depends upon the VIBGYOR color format. Violet
indicates the minimum voltage obtained through which
it varies to red which is coded as the maximum output
voltage range. For an instance, the subject’s pressure is
observed with different colours of VIBGYOR. Likely, in
the heel, it was observed with maximum pressure (i.e.)
red color.
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Figure 2. Snapshot for entering the patient details.

Figure 3. Simulated output of a foot sole.
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4. Conclusion

This paper provides the solution about the pressure
distribution in the foot sole through colour mapping.
From the results it is found that the minimum and the
maximum pressure distributions are mapped to narrow
down the region of pain. According to the results found
from the study different foot wears can be designed,
according to the individual subject’s pain region.

5. Acknowledgement

The authors would like to thank the fund from the DST-
FIST, Govt of India, vide Ref.: SR/FST/College-189/2013,
Dated: 6th August 2014.

6. References

1. Bauman JH, Brand PW. Measurement of pressure between
foot and shoe. Lancet. 1963 Mar; 1(7282):629- 32.

2. Cavahagh PR, Michiyoshi AA. Technique for the display
of pressure distribution beneath the foot. Journal of
Biomechanics. 1980; 13(2):69-75.

3. ChangCC. A customized adaptive multi-airbag foot pressure
redistribution insole design. International Conference on
Systems, Man and Cybernetics’ Montreal. 2007 Oct 7-10.
2945-50.

4. Zhu HS, Wertsch JJ, Harris GF, Loftsgaarden JD, Price MB.
Foot pressure distribution during walking and shuffling.
Archives of Physical Medicine and Rehabilitation. 1991
Jun; 72(6):390-7.

5. Rana NK. Application of Force Sensing Resistor (FSR) in
design of pressure scanning system for plantar pressure
measurement. 2nd International Conference on Computer
and Electrical Engineering; Dubai. 2009 Dec 28-30. p.
678-85.

6. Razak AHA, Zayegh A, Rezaul KB, Wahab Y. Foot plantar
pressure measurement system: A review. Sensors. 2012;
12(7):9884-12.

7. Zhu H, Maalej N, Webster JG, Tompkins WJ. An umbilical
data acquisition system for measuring pressures between
the foot and shoe. IEEE Transaction on Bio Medical
Engineering. 1990 Sep; 37(9):908-11.

8. Shu L, Hua T, Wang Y, Li Q. In-shoe plantar pressure
measurement and analysis system based on fabric pres-
sure sensing array. IEEE Transactions on Information
Technology in Biomedicine. 2010 May; 14(3):767-75.

9. ZhuH, Wertsch JJ, Harris GF, Price MB, Alba HM. Pressure
distribution beneath sensate and insensate feet. 21st Century
Annual International Conference of the Engineering in

Indian Journal of Science and Technology | 3 -



Design and Development of a Foot Pressure Scanner for Diabetic Patients

10.

11.

12.

Medicine and Biology Society; Seattle, WA. 1989 Nov 9-12.
3. p. 822-3.

Kothari M, Webster JG, Tompkins W], Wertsch J],
Bach-y-Rita P. Capacitive sensors for measuring the pressure
between the footand shoe. Annual International Conference
of the Engineering in Medicine and Biology Society; New
Orleans, LA, USA. 1988 Nov 4-7. 2. p. 805-6.

Bhat S, Webster JG, Tompkins W], Wertsch JJ. Piezoelectric
sensor for foot pressure measurement. Annual International
Conference of the Engineering in Medicine and Biology
Society; Seattle, WA. 1989 Nov 9-12. 5. 1435-6.
Yamakawa T, Taniguchi K, Asari K, Kobashi S, Hata Y.
Biometric personal identification based on gait pattern
using both feet pressure change. Proceeding of World

B 4 | Vo (2) | January 2016 | www.indjst.org

13.

14.

15.

Automation Congress, WAC'08; Hawaii, HI. 2008 Sep
28-Oct 2. p. 1-6.

Liu C, Wang L, Zhang T, Wen T. A new parameter set for
clubfoot classification. 2010 4th International Conference
Bioinformatics and Biomedical Engineering; Chengdu.
2010 Jun 18-20. p. 1-4.

Hermens HJ, Waal CA, Buurke ], Zilvold G. A new gait
analysis of system for clinical using rehabilitation centre.
Orthopedics. 1986 Dec; 9(12):1669-75.

Maalej N, Webster JG, Tompkins WJ, Wertsch JJ. A
conductive polymer pressure sensor array. Images of the
21st Century Proceedings of the Annual International
Conference of the IEEE Engineering in Medicine and
Biology Society; Seattle, WA. 1989 Nov 9-12. 4. p. 1116-7.

Indian Journal of Science and Technology



