
how to extract this feature. The classification via dPLL is 
explained in Section 4. Experimental results with 
comparisons are presented in Section 5. 
 

2 CLYCLIC WALKING PATTERN 
 
2.1 Periodical Motion 
Besides the speed of motion (such as walking or running), 
gait also describes the style or manner in which a human 
moves. The former differentiates a pedestrian from other 
non-periodic motions such as vehicles driving or wind 
blowing, while the latter differentiates humans from other 
moving objects such as fans or dogs. By comparing 
different kinds of periodic motion from various objects 
illustrated in Figure 1, we can identify a distincitve pattern 
only for pedestrians. The swing of the two legs 
characterizes  this pedestrian-specific oscillation. 

     (a) 

    (b) 

 (c) 
Figure 1. Cyclic Motions: (a) Fan; (b) Dog (c) Pedestrian 

 
2.2 Motion Pattern in Human Gait 
We start by investigating the kinematics of human gait 
from a synthesized sequence as in Figure 2. The figure 
describes a complete cycle of a pedestrian’s legs. We 
develop a computationally efficient human motion 
analysis algorithm inspired by the twin-pendulum model 
introduced in the literature[1]. The twin-pendulum model 
has a very simple form but captures the inherent nature of 
gait. It  focuses on the motions of the legs. Each leg is 
represented by two jointed cylinders.  The diameters of 
the cylinders are constant but the length of the cylinders 
are changing over time. 

 
Figure 2. Twin-pendulum Model in Human Gait 

 
3 EXTRACTING MOTION PATTERN 

 
The model proposed above inspires us to classify a 
moving object as a human by features related to the cyclic 
motion pattern. But the change of apperance, the non-rigid 
deformation of human body and the arbitrary motion of 
camera present challenges to the solution. Two issues are 

of interest here. Firstly, this feature should be a global one 
rather than pixel wise. Tracking pedestrians in videos 
from moving platform is unreliable and pixels are hard to 
align. Secondly, shape extraction is very difficult . we 
favor a robust feature derived from the human contour 
instead of the contour itself. 
A closer look at Figure 1 and 2 reveals that the relative 
location between two legs could be used as a cue in our 
system. The Principle Gait Angle is defined as the angle 
between two legs during walking. We are especially 
interested in two special cases when the two legs are 
maximally and minimally separated as (a) and (g) in 
Figure 2 circled by red box. They correspond to two 
critical phases where the toe-to-toe distance approaches 
maximum or minimum value. 

  
Figure 3. Principle Gait Angle in original and edge images 
We next describe how to extract the Principle Gait Angle 
from noisy images. We first apply a Canny edge operator 
to the target. Then a Hough line detector scans the edge 
map and generates a list of the lines in the image. Third, 
we use a cascade of classifiers to identify the two specific 
phases. Each positive fitting should have line segments 
with enough length forming the gait angle and the 
difference between the angle and the model should fall 
into a narrow range. An example is given in the following 
figure. We give four sample fitting results in a sequence 
of edge maps of the lower part of a pedestrian. 

 
Figure 4.  Illustration of twin-pendulum model fitting. 
White pixels: Edges; Green Pixels: detected lines by 
Hough Transform; Red Pixels: Fitted Lines forming 
Principle Gait Angle 
The result from the above would give us two binary 
sequences. For example, one sequence representing the 
frames (1s) with observed maximum toe-to-toe distance 
for the top-left object in Figure 3 is:  

     1.... 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 
1, 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 
1, 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 

0, 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 11 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 (1) 

Even with false alarms, we still can observe some periodic 
oscillation in this sequence and a more accurate solution 
will be provided in Section 4. The major advantage of this 
method lies in the use of the Principle Gait Angle as a 
feature that contains the shape kinematics information and 
is invariant to the change of appearance as well as camera 




