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method utilizes averaging background method 
that is computationally faster than others. In 
order to extract the silhouettes of the moving 
subjects from the background in the video 
sequence, a simple and fast background 
subtraction technique using the average value 
is adopted to construct the background model 
from a small portion of video sequence 
including moving objects. It attempt to detect 
moving regions by subtracting a current image 
pixel-by-pixel from a background image that is 
created by averaging images over time in an 
initialized period. At time t, the background is 
calculated as follows:  

),()1(),(),( 11 yxByxIyxB ttt −− −+= αα  (1)  

where ),( yxBt represents the updated pixel 
value of background at pixel position (x, y) at 
time t. ),( yxIt stands for current image pixel 

value at time t, and α is a weighting parameter 
between 0 and 1.  

After the background is generated, the 
foreground pixel can be extracted by the 
following equation:  

⎩
⎨
⎧ >−

=
otherwise0

),(),(1
),(

TyxByxI
yxF tt

t  (2)  

where T is a predefined threshold. If the 
difference image is greater than the threshold, 
then the pixel is labeled as foreground, while 
background pixels are modified by eq. (1). 

To reduce the effects of noise and enhance the 
detected regions, some morphological post 
processing operations such as erosion, dilation 
are performed after creating foreground 
extraction. Connected component analysis is 
commonly used to refer to the process of 
detecting connected objects in an image. This 
task is to segment an object from background 
on the image. A typical connected component 
analysis is applied to the binary image obtained 
from eq. (2).  

Feature extraction is one of the major important 
issues in many visual applications. We consider 
gait features to analyze human gaits in our 
algorithm. The features include the stride length 
variations, gait cycle time, a binary silhouette 
and the angle variations and the angle 
variations from the detected subject's center 
point and to end point of feet. To compute the 
angle, object tracking and recognition algorithm 
in video is to search for the centroid and an 
extent of bounding box. The bounding box is an 
expression of the maximum extents of a 2-

dimensional object within its 2-D (x, y) 
coordinate system. 

A lot of useful information about the binary 
object can be gained from the moments of the 
object. In order to find the extent of and centroid 
of a segmented foreground region, area of the 
segmented object is obtained by the moments. 
For every image sequences, an approximate 
bounding box is fitted to the motion region 
obtained by foreground segmentation. The 
fitting blob can be computed by using moments 
[4]. For an image ),( yxIt , the moments are 

given by:  ),(
),(

yxIyxM
Pixelsyx

qp
pg ∑ ∈
= where 

p, q=0, 1, 2 …… We can obtain the centroid 

( x , y ) of the bounding box by: 0010 / MMx=    

and 0001 / MMy= .  

We develop a real-time camera sensor based 
ubiquitous healthcare monitoring system for 
human gait recognition that employs gait 
feature information such as the stride length 
variations and the angle variations from the 
detected subject's center point and to end point 
of feet. The angle is one of features which 
analyze human gaits as shown in Fig. 2. The 
angle variation in normal behavior is greater 
than that of abnormal behavior in such as 
Parkinson’s patient.  

The angle θ can be calculated as   

2)90( ×−= αθ o  (3)   

)(cos
22

1

ba
b
+

= −α  (4)  

 
Fig. 2. The angle θ is one of features for gait 
analysis.  

Gait is treated as a periodic activity within each 
gait cycle time. A single gait cycle can be 
regarded as the time between two identical 
events during the person walking and usually 
measured from heel strike to heel strike of one 
leg. Fig. 3 shows the result of gait cycle and 
stride length variation for normal and abnormal 
person walking. Compared with normal people, 
PD patients’ walking speed is slower, stride 
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length is shorter, duration of gait cycle is longer, 
and amplitude of range of movement of joints is 
decreased.  

 
Fig. 3. Result of stride length variation for normal 
and simulated abnormal person walking. 

Human tracking is to achieve more accurate 
moving objects in an image sequence. The 
predictive filter is used to predict the position of 
the bounding box for the person and match it 
with the closest a moving object as the 
foreground.  

Experimental results 
The feasibility of a novel camera sensor based 
gait analysis for the proposed method is tested 
using image sequences in real time. The test 
image sequences are taken by the camera 
sensor at a frame rate 15-25 frames per second 
with 320×240 pixel resolution. The database 
includes a total of 20 gait sequences that are 5 
simulated abnormal and 15 normal walking 
videos.  

Experimental tests have proven to be a reliable 
and robust analysis method for classifying the 
individual gait patterns. An efficient gait analysis 
system for ubiquitous healthcare monitoring 
human applications by extracting features 
information including the stride length variations, 
cycle time, and the angle variations from the 
detected subject's center point and to end point 
of feet is used. The objective of this approach is 
to detect good feature extraction for gait 
recognition in real-time. Our proposed gait 
recognition algorithm can be applied in a 
ubiquitous healthcare video monitoring system 
to distinguish the gait patterns of Parkinson's 
disease patients from normal people.  

To recognize human by gait motion, a PCA 
algorithm is employed as a classifier, and a 
small number of gait features are utilized as 
input data [5]. We have mainly used stride 
length, the angle, gait cycle time, and binary 
silhouette. The features extracted from image 
sequences during a time periodic. Even though 
the recognition rate is 95%, our algorithm is 

tested in a very small dataset including image 
sequences.  

Fig. 4 shows some results of our proposed 
camera sensor based system for gait analysis. 
Detected and tracked person is marked with a 
rectangle on the output frame (Fig.4c). 

 
(a) 

 
(b) 

 
(c) 

Fig. 4. Results of our proposed camera sensor 
based system for gait analysis (a) Original image (b) 
Background modeling, and (c) Extracted foreground 
image and gait features. 

Conclusion 
A novel camera sensor-based scheme is 
proposed to analyze human gait for ubiquitous 
healthcare monitoring system using gait 
features. Our proposed algorithm can be 
applied to discriminate the gait patterns of 
Parkinson's disease patients from normal 
people.  

Feature extraction in videos is an essential 
topic in object detection and recognition, as it 
helps the algorithm to improve the system 
performance for recognition rates. The 
experimental results showed that our novel 
approach based on camera sensor was able to 
achieve a good detection success rate. In order 
to improve our method, we need to extend the 
analysis in future. 
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