
Abstract - We are developing a sensor system for use in clinical 
gait analysis. This research involves the development of an  
on-shoe device that can be used for continuous and real -time 
monitoring of gait. This paper presents the design of an 
instrumente d insole and a removable instrumented shoe 
attachment. Transmission of the data is in real -time and 
wireless, providing information about the three-dimensional 
motion, position, and pressure distribution of the foot. Using 
pattern recognition and numerical  analysis of the calibrated 
sensor outputs, algorithms will be developed to analyze the data 
in real -time. Results will be validated by comparison to results 
from a commerical optical gait analysis system at the 
Massachusetts General Hospital (MGH) Biomoti on Lab.  
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I.  INTRODUCTION 

At the present time, gait analysis is primarily carried out in 
one of two ways: in a motion laboratory, with full analysis of 
the motion of all body segments using highly accurate 
optical systems, or in a doctor's office with the physician 
making visual observations. The first method is expensive, 
requires the maintenance of a dedicated motion lab, and uses 
cumbersome equipment attached to the patient, but produces 
well-quantified and accurate results for short distances. The 
second method is inexpensive and does not require anything 
to be attached to the patient, but the results are qualitative 
and difficult to compare across multiple visits.  
 

There is a need for a low cost device that falls in between 
these two methods, one that can provide quantitative and 
repeatable results. In addition, there is a need for monitoring 
gait over long periods of time; in particular, analysis of gait 
in Parkinson’s patients would be greatly enhanced by studies 
looking at gait outside of the motion lab [1]. 
 
In the last decade, a number of systems capable of 
investigating a sub-group of gait characteristics have been 
developed. An insole capable of real-time pressure analysis 
at seven locations beneath each foot, but required the patient 
to be tethered via power and data lines to the computer [2]. 
Another insole based system has been able to discern an 
impressive amount of information about the temporal 
parameters of gait, such as changes in stride timing; this 
system is non-tethered, but does not provide real-time 
analysis [3]. Recently, a system with an instrumented insole 
and gyroscope mounted on the shoe has achieved good 
results in classifying the gait into four different phases, but 
does not appear to be capable of real-time analysis yet [4]. 
 
The precursor of this research resulted in an instrumented 
insole and shoe with a total of sixteen outputs per shoe, 
which were provided wirelessly and in real-time; however 

this device was not optimized for analysis of the sensor 
outputs, instead the shoe was worn by dancers who used the 
movement of their feet to control music [5]. 
 
These and many other systems have been able to provide 
detailed information about some aspect of the motion. Our 
research strives to be able to completely characterize the 
motion of the foot. In addition, we will provide the data in 
real-time, so that it can ultimately be used to give real-time 
feedback to the user. 
 

II.  METHODOLOGY 

A. Hardware Development 
We have worked with our colleagues at the Massachusetts 
General Hospital (MGH) Biomotion Laboratory to determine 
the important requirements for our device, the Shoe-
Integrated Gait Sensors (SIGS). The top-level functional 
requirements for the design of the SIGS are:  
1. Attach removably to the subject’s own walking shoes. 
2. Effect no change in gait. 
3. Characterize the motion of both feet. 
4. Communicate and transmit the data wirelessly. 
5. Provide validated kinematic data & analysis in real-time. 

The schematic of the SIGS is shown in Fig.1, and photos of 
the initial prototype are shown in Fig. 2. The insole (Fig.2, 
right) contains four FSRs (force sensitive resistors), two 
PVDFs (polyvinlylidine fluoride, a piezoelectric material), 
and two pairs of resistive bend sensors placed back to back 
to provide bi-directional bend. Two FSRs are located 
beneath the heel (medially and laterally), one FSR is located 
beneath the first metatarsal head, and one beneath the fourth 
and fifth metatarsal head, providing a coarse measurement of 
the pressure distribution beneath the foot. One PVDF is  
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   Figure 1. Schematic of the Shoe-Integrated Gait Sensors (SIGS) 
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           Figure 2. Photos of the first prototype of the SIGS 
 

located beneath the heel, and the other is beneath the hallux 
(big toe), providing dynamic information about “heel strike” 
and “toe off.” One pair of bend sensors is located at the back 
of the shoe and is inserted into an ankle strap; it bends about 
the back of the shoe and provides information about the 
extent of plantarflexion or dorsiflexion. The other pair is 
located in the insole to provide information about the extent 
of  “roll” off the ball of the foot during walking.  
 
The shoe attachment (Fig. 2, right) contains the circuit 
boards in a stacked configuration and the power supply (9V); 
the mass of the current prototype is approximately 200 g. 
There is a circuit board for the insole sensors, another with a 
microcontroller and wireless transceiver, and a third with 
three axes each of gyroscopes and accelerometers; the 
redundancy in measurements will be used to reduce errors. A 
fourth board in final development will provide capacitive 
sensing and sonar to measure the distance to the ground, and 
sonar for measuring the distance and angle between shoes.  
 
B. Signal Analysis 
Initial results obtained with the prototype system are shown 
in Fig. 3. Current work is focused on the development of 
methods to analyze the data, including calibration and 
analysis of the outputs of the sensors, as well pattern 
recognition methods. Fine tuning of the sensors and 

corresponding circuits is ongoing (i.e. to prevent the PVDF 
signals from saturating).  
                

III.  DISCUSSION AND CONCLUSION 
There is a clear need for a device which can provide 

quantitative analysis of gait in conditions outside of the 
motion lab. While this work is continuing to be developed, it 
shows great promise as a future contributor to clinical gait 
analysis. The initial results show significant breadth in 
measurement capability. We are currently working on 
analysis methods for this data; once these methods are 
implemented and validated with the commercial equipment 
at the MGH Biomotion lab, we will use our device to look at 
gait in different environments and at differences between the 
gait of various subjects.  
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   Figure 3. Initial results obtained with the SIGS 
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