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Gait analysis (GA) is an important tool in the assessment of several physical and cognitive conditions. The lack of simple and
economically viable quantitative GA systems has hindered the routine clinical use of GA in many areas. As a result, patients
may be receiving sub-optimal treatment. This project concerns the development of new mobile, cheap and easy to use
quantitative GA systems using inertial sensors, which may facilitate the wide-spread adoption of GA as routine clinical

practice.

1. Gait Analysis

It is of general consensus that gait analysis can provide
information that is essential to the assessment of
orthopedic patients. It is an effective way to evaluate and
quantify how surgical intervention or other treatments
affect a patient's gait [1]. In addition, there is evidence
that gait analysis can aid the assessment of cognitive
conditions. Certain gait characteristics, for example, can
be used in the diagnosis of dementia and may have
important implications for discriminating among dementia
subtypes [2]. Changes in gait are also associated with
aging, and are important when judging the ability of an
older person to live independently [3].

A general measure of quality of gait can be obtained
from: report questionnaires such as the Gillette Functional
Assessment Walking Scale [4]; observational video
analysis schemes like the Edinburgh Gait Score [5]; or
rating systems such as the Functional Mobility Scale [6].
Although these assessments are useful and practical, they
lack precision and objectivity [7].

On the other hand, very precise and objective
measurements may be obtained in specialized gait labs,
equipped with 3D motion capture (mocap) systems, force
plates and other sensors. In-lab assessments are
considered state of the art and have been shown essential
to the assessment of cerebral palsy [8] and other surgical
patients [9]. Nonetheless, these measurements are
expensive, difficult to interpret, require special training
and are not available to all patients [10]. As a result, many
research findings relating gait analysis to medical
conditions are not used in routine clinical practice,
depriving many patients of potential benefits.

2. Inertial Sensors

As an alternative to gait labs, body-worn inertial
sensors, such as accelerometers and gyroscopes, can be
used for gait analysis. Inertial sensors have the advantage
of being small and cheap. They can be embedded into
clothing items or simply placed on the body embedded in
a watch-strap or a belt. Another advantage of using
inertial sensors is that they are mobile and can gather
monitor the patient while performing normal daily
activities, for example, at home or outdoors.

Inertial sensors have successfully been used to monitor
falls and daily activities [11]; detect the phases of gait and
other gait parameters [12] ; describe gait kinematics [13];
among other applications. However, the creation of a
comprehensive quality of gait index, using inertial
sensors, had not been addressed until now.

3. The Symbolic Approach

We proposed a new approach to the processing and
analysis of inertial sensor data, which can improve the use
of such sensors for gait analysis. This approach is based
on the symbolization of the sensor data into building
blocks, which when combined in different ways, represent
different gait patterns. Similar approaches have been
investigated for activity recognition applications using
other sensors such as video [14] and mocap [15]. In this
project, the symbolization approach was used in the
analysis of inertial sensor data.

4. Activities Undertaken
The goal of this project was to devise a mobile, cheap

and easy to use gait analysis system using inertial sensors

that provides an objective quality of gait index which
reflects the ambulatory condition of the patient. The
system should help the assessment of patients at the clinic
and also in uncontrolled environments such as the
patient's home.

The project was divided into two main phases:
development and testing.

o Development: This part of the project involved the
acquisition of data in a gait lab, equipped with 3D
mocap system and two force plates. The data was
collected at the Lundberg Clinical Gait at the
Sahlgrenska University Hospital in Gothenburg,
Sweden. Eighteen healthy subjects were measured
while walking with the mocap system and with our
inertial sensor system simultaneously. The inertial
sensor data was used to calculate a gait symmetry
index and a gait normality index. The mocap data was
considered ground reference and used to guide the
development of the symmetry and normality indices.

o Testing: A separate data collection took place at the
orthopedic ward of the Sahlgrenska University



Hospital in Mdlndal, Sweden. Eleven hip-replacement
subjects were measured with the inertial sensor system
while walking along a 10-meter walkway. The time to
complete the walkway and the number of steps taken
were recorded. This procedure was repeated on the
day of discharge from the hospital, and 3 months later.
The patients also filled out a (EQ-5D) questionnaire
about  mobility, self-care, daily activities,
pain/discomfort, and anxiety/depression. The inertial
sensor data was used to calculate symmetry and
normality indices for the patients at discharge and 3-
months later. Results were compared to the
questionnaire answers, average speed, average step
length, and length of stay at the hospital. The goal of
this part of the study was to determine if the proposed
symmetry and normality indices reflected the level of
recovery of the patients. Results indicated that the
normality index, in particular, can potentially help
assess the wellbeing and level of recovery of patients.

5. Results

Based on the symbolized signals, new measures of
gait symmetry and gait normality were created. The
proposed symmetry index was superior to many others in
detecting movement asymmetry in early-to-mid-stage
Parkinson's disease patients. Furthermore, the normality
index showed great potential in the assessment of patient
recovery after hip-replacement surgery.
Several publications resulted from this project, one of
which was awarded the Best Student Paper prize at the
International Joint Conference on Biomedical Engineering
systems and Technologies [ VII].

6. Conclusion

This project successfully devised a simple-to-use
inertial sensor system, which can provide valuable
information about gait symmetry and gait normality. This
system can be used to provide quantitative information
about quality of gait, and help assess the condition and
recovery of patients. The system was validated against a
state-of-the-art gait analysis system, and also evaluated in
a real clinical environment.

Further investigations are needed in order to turn this
into a commercial system. However, this project has
demonstrated that such a system is feasible and can
provide value to clinical institutions.
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