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A Gait Analysis Method Based on a Depth Camera for Fall Prevention

Amandine Dubois1,2,3 and Francois Charpillet1,2,3

Abstract— This paper proposes a markerless system whose
purpose is to help preventing falls of elderly people at home.
To track human movements, the Microsoft Kinect camera is
used which allows to acquire at the same time a RGB image
and a depth image. Several articles show that the analysis
of some gait parameters could allow fall risk assessment. We
developed a system which extracts three gait parameters (the
length and the duration of steps and the speed of the gait) by
tracking the center of mass of the person. To check the validity
of our system, the accuracy of the gait parameters obtained
with the camera is evaluated. In an experiment, eleven subjects
walked on an actimetric carpet, perpendicularly to the camera
which filmed the scene. The three gait parameters obtained
by the carpet are compared with those of the camera. In this
study, four situations were tested to evaluate the robustness of
our model. The subjects walked normally, making small steps,
wearing a skirt and in front of the camera. The results showed
that the system is accurate when there is one camera fixed
perpendicularly. Thus we believe that the presented method is
accurate enough to be used in real fall prevention applications.

I. INTRODUCTION

The ageing of the population is a major problem for

the next years. One of the problems generating a loss of

autonomy is fall. Each year a third of the persons aged 65

years and older fall [3]. Falls have multiple risk factors: age,

muscular weakness, gait modification, obstacles in the envi-

ronment (carpet)... Fall risk can be detected by measuring

gait modifications.

Several systems exist for computing gait parameters. There

are systems like accelerometers, gyroscopes which measure

the angular velocity of the segment on which they are put.

There exist optical systems (as the VICON system) for

movement tracking based on markers fixed on certain key

points of the body. Other systems without wearable sensors

exist as for example force platforms, actimetric carpets, on

which the person walks and which detect the exact moment

of the foot-ground contact and calculate the velocity and the

length of steps. There are also telemeters computing velocity.

We would like to develop a system based on a low cost and

not imposing ambiant sensor (without wearable markers).

In the litterature, some authors begin to be interessed in

developing ambiant systems allowing to analyze the gait of

a person. In 2009 Hagler et al [5] installed four PIR motion

sensors on the ceiling to obtain the speed of the gait. Auvinet

et al [2] in 2011 are interessed in detecting symmetrical

gait troubles with three RGB-D cameras. In 2011 Stone et
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al [9] developped a system to evaluate a fall risk with an

inexpensive depth camera. The idea is to measure some gait

parameters of the person with a RGB-D camera.

The aim of our system is to record and to analyze the gait

parameters of a person regularly enough to note a possible

evolution over time. On some period, the aim is to know

if the gait parameters tend to remain stable or if they are

evolving which would suggest an increased risk of fall. In

the last case, the results could be transmited to the physician.

The proposed system uses a RGB-D camera chosen for

the advantage of the depth reconstruction, its low cost and its

invariance to visible lighting. We imagine to fix the system

high in a corner at home. Several stages are necessary to

achieve our goal. The system must be able to detect the

person in the field of view, to detect when she walks and

finally to analyze her gait. The algorithm that we use to

extract the person and to detect her activity (as walking)

is presented in [4]. In this article, we present an algorithm

for analysing the gait. Our method consists in extracting gait

parameters, of interest for fall prevention, from the trajectory

of the center of mass.

This paper is organized as follows. Section II presents

background elements on activity recognition that we use

for detecting walking situations. Section III presents the

algorithm allowing to analyze the gait of a person. Section IV

presents the evaluation of our algorithm.

II. BACKGROUND

This work is the continuation of previous work on fall

detection with RGB-D camera [4]. The detection of the

falls was included in the more general problem of activity

recognition. The method consists in tracking a person in the

field of the view of the camera. To extract the person from

the background, a standard method in computer vision is

used. A Hidden Markov Model (HMM) is used to analyze

the activity of the person. Each state represents an activity

that the person can do in her daily life. Eight activities

were defined: walking, lying (on a bed, on a couch for

example), sitting, falling, lying down, squatting, going up on

an obstacle (a chair, a footboard for example) and bending.

These activities are distinguished using 3 parameters: the

position of the center of mass of a person on vertical axis, the

vertical speed and standard deviation of the person’s body.

To know in what state the person is, the Forward-Backward

algorithm is used. 26 healthy subjects, of 20 at 53 years

old, performed the 8 activities, which represented a training

database of 208 sequences. The observation probabilities of

the three parameters for each of the 8 situations were learnt

from of 128 sequences. The validity of the algorithm was



been tested with 80 sequences. The results showed that the

algorithm could distinguished the different activities. The

only error was for the state "bending" which was replaced

by state "sitting" or "squatting".

The HMM algorithm provides the state of the person and

the general idea is to analyze the gait of the person when

she is in the state "walking". The following stage consists in

analyzing the gait.

III. METHOD

The background extraction is realized using the "running

average" method as presented in [4]. In this part, the method

for tracking the person and analyzing the gait is presented.

A. Tracking of the person

To obtain the displacement of the walking body, our ap-

proach consists in analyzing the displacement of her center of

mass. The horizontal and vertical displacements of the center

of mass when a person walks is described in Figure 1(a) and

1(b).

(a) Horizontal displace-
ment.

(b) Vertical displacement.

Fig. 1. Displacement of the center of mass as described in the literature [8].

The background extraction allows us to have the mobile

pixels belonging to the person. To calculate the center of

mass of the person, the method consists in averaging the loca-

tion of all the mobile pixels of the person. The displacement

of the center of mass of a person walking perpendicular to

the camera, obtained with our method, is drawn in Figure 2.

The horizontal trajectory of the Figure 2(b) is smoother than

the trajectory described in litterature. The vertical trajectory

of the Figure 2(a) is similar to the theoretical sinusoidal curve

described by Saunders in Figure 1(b). Only the displacement

on the vertical axis is discussed in the following section.

The center of mass trajectory is smoothed with a Kalman

filter [7].

B. Analysis of the gait

1) Selection of gait parameters: To analyze the gait of a

person, some parameters can be cited according the purpose

of the analysis. A first category corresponds to the spa-

tiotemporal parameters, as the length of steps, the duration
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Fig. 2. Displacement of the center of mass extracted by our algorithm
(before filtering) for a person walking in straight, perpendicularly of the
camera.

of steps, the speed of the gait, the time propulsion, which

are widely studied because they illustrate the characteristics

of the gait. Then, the kinematic parameters, as knee angle,

are the indicators reflecting the movement of the lower

limbs during walking. And we can also cite the dynamic

parameters, as the reaction forces from the ground and the

center of pressure, allowing an evaluation of the foot.

Our aim is to develop a system for fall prevention through

a global gait analysis, so the first category (the spatiotem-

poral parameters) proves to be more suitable. Several ar-

ticles show that some gait parameters are indicators of an

increased fall risk. Hausdorff et al [6], in 2001, on a one

year experiment showed that the stride time variability, the

swing time variability and the inconsistency of the variance

is associated with an increased risk of future fall. Logistic

regression also showed that stride time variability predicts

falls. Auvinet et al [1] showed in 2003 that the speed, the

frequency and the length of the steps had reduced values for

fallers. The irregularity of the length of steps is considered by

them as a reliable variable to predict falls. We are interested

in the gait parameters as indicators for the prevention of

falls. Therefore we focus, according to the litterature, on

measuring the length and duration of the steps and the speed

of the gait

2) Extraction of the selected gait parameters: The gait

parameters (length and duration of steps and the speed of

the gait) are extracted from the vertical displacement of the

center of mass. In medicine the definition of the length of



steps is the distance separating the two heels at the time

of double support, as illustrated in Figure 4. Our method

consists in searching the position of the supporting foot. The

center of mass is located at the vertical of the supporting

foot when it is highest as shown in Figure 3. The position

of the supporting foot is estimated by the projection on the

ground of the center of mass (at the time of the maxima).

The length of step is calculated as the distance between the

projection of two local vertical maxima of the trajectory

of the center of mass. In the same way the duration of

the steps, representing the time separating two consecutive

double support instants, is calculated as the time between

the projection of two consecutive local vertical maxima of

the trajectory of the center of mass. The speed of the gait

is calculated, on a straight line, between the moment of

appearance of the person in the field of view of the camera

and its last moment of appearance. The extraction of the

three gait parameters is shown in Figure 3.
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Fig. 4. Definition of the step length.

An illustration of the acquisition system is given in Fig-

ure 5. The background image is represented at the top. The

vertical trajectory of the center of mass is drawn in the

bottom right-hand corner with the measured step lengths.

IV. EVALUATION OF THE ALGORITHM

A. Description of the experiment

Eleven subjects took part in the experiment among which

four women and seven men aged from 22 to 53. The ex-

periment consisted in using an actimetric carpet (GAITRite)

of 5 meters length, as a reference for evaluating our system.

The error of measurement is 1.27 cm which is the distance

between the sensors in the carpet. The experiment was held

in a smart room where the sujects were filmed by a camera

RGB-D. The field of view of the camera is 3m wide and

6m deep. The persons walked perpendiculary to the camera

Fig. 5. Gait acquisition screen capture.

(except for a situation that we describe in the following

paragraph), at a distance of 3m from the camera.

The instruction given to the subjects was to make 4

situations. Each subject had to walk three times in every

situation to have a significant amount of data (165 sequences

were analysed). The situations were to:

• walk in a straight line "normally";

• walk straight making small steps;

• walk with a long skirt to know if the clothes disturb the

gait (for all the subjects);

• walk in front of the camera (the other situations are

performed with the camera perpendicular at the subject).

The gait parameters obtained with the carpet were com-

pared to the values provided by the camera algorithm. In this

experiment we compared three gait parameters: length and

duration of the steps and the speed of the gait.

B. Results

1) Results based on the error on each sequence: The

mean of the length, the duration of the steps and the speed

of gait are calculated for the carpet and our algorithm for

each sequence. A sequence is a walk composed of 2 to 5

steps, depending on the subject and the situation. The error

between the mean obtained with the carpet and the camera

is calculated. Then the average error is obtained for each

situation. The results are shown in Table I.

For the length of steps the average error for situations

"Normal", "Small" and "Skirt" (all exept "Front") is less than

4.7%.

For the duration of steps, the average error for all situations

(exept "Front") is less than 6.6%.

For the speed of the gait, the average error for situation

"Normal" and "Small" is less than 3.69%. For the "Skirt"

situation, the average error is more important, 4.37%. The

situation with the camera in front of the subject is the worst

for the accuracy of the speed.

Only the error on the situation with the camera in front

is important. When the camera is in front of the subject

the results are degraded. The system gives accurate enough



values on all the other situations. The speed of gait is the

most accurate of the gait parameters.

Normal Small Skirt Front

Length 4.6|3.8 4.7|4.2 4.7|3.3 12.5|12.6

Duration 6.6|4.9 6.1|4.5 4.7|5.5 11.5|8.3

Speed 3.69|1.81 3.28|2.38 4.37|3.19 10.04|7.33

TABLE I

% DIFFERENCE AND STANDARD DEVIATION OBTAINED ON SEQUENCE

AVERAGE OF THE PARAMETERS FOR THE 4 SITUATIONS

(AVERAGE|STD.DEVIATION).

2) Results based on the mean of each gait parameter:

Another way to analyze the results is to calculate the mean

of each parameter of the gait. The results are shown in

Table II. In this table the mean for the three gait parameters

is calculated for the actimetric carpet and for our camera

system.

First for the steps length, we can see that the mean

obtained with the carpet and with the camera are similar

for all the situations. The maximum error between carpet

and camera is 2 cm. The situation with the small steps is as

accurate as the normal steps.

For the duration of the steps, the mean maximum error is

0.04 s for all the situations.

For the speed of the gait, the error is more important in the

"Front" situation than in the other situations. In the "Front"

situation, the mean error is 6.3 cm/s. In the other situations,

the mean error is less than 3.7 cm/s.

In this part, we can see that our system provided values

similar to those provided by the carpet in all the situations

when we are interested in the mean of the length and duration

of the steps and in the speed of the gait.

Length(cm) Duration(s) Speed(cm/s)

Sit System Mean Mean Mean

1 Carpet 67.6 0.66 108.7

Camera 67.0 0.63 112.4

2 Carpet 38.4 0.71 56.9

Camera 38.3 0.68 58.6

3 Carpet 57.1 0.68 92.0

Camera 59.3 0.67 95.7

4 Carpet 67.2 0.66 108.8

Camera 65.4 0.63 102.5

TABLE II

ACCURACY OF THE MEASURED GAIT PARAMETERS COMPARED TO THE

ACTIMETRIC CARPET (1: NORMAL STEPS, 2: SMALL STEPS, 3:

SITUATION WITH SKIRT, 4: FRONT CAMERA).

V. CONCLUSION

The aim of our work is to develop a system which allow

fall risk assessment from the quality of the person gait. From

the camera RGB-D localized at the person home, we track

the person and detect when she walks to measure her gait

parameters (to detect a possible variation in the quality of

the gait). In this paper, the analysis of the gait is presented,

knowing that the first stages (tracking of the person and

detected that she walks) are already been described in a

previous article. The camera provides the depth map that

we treat directly. The trajectory of the center of mass is the

only information which allows us to track the person and to

extract the gait parameters. Three parameters are extracted

because they are considered as important to determine a fall

risk, the length and duration of steps and the speed of the

gait. To evaluate the accuracy of the gait parameters provided

by the camera algorithm, we set up an experiment consisting

in comparing the measurements provided by the camera to

the parameters obtained by an actimetric carpet. The result

is that our algorithm provides values for the gait parameters

close enough to the reference values when the person walks

normally, making small steps and wearing a skirt. When the

person walks in front of the camera the results are degraded.

This implies that if we fix a camera at home, we must detect

the moment where the person is perpendicular to the camera

to analyse her gait. We would like to know if our method

allows us to detect an evolution, a reduction of the length

of steps over a certain time period. Thus for the future we

would like to test our model with an elderly people on the

long run.
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