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Abstract — Pedestrian detection is an important issue in the field of intelligent transportation systems. As a pedestrian is not an 
apparent object at night time, it brings about critical difficulties in effectively detecting a pedestrian for a driving assistant vision 
system. We apply Bilateral Filtering for images to preserve the information of large sharp edges and to facilitate the task of Shape 
Context feature (SC) extracting. Then, we study an image descriptor based on an improved Shape Context feature (ISC), which is 
more robust to object deformation. For a test image, improved Shape Context (ISC) features are extracted and matched to the 
codebook. A voting scheme then obtains object locations from the matching results. Experimental results demonstrate that our 
method is suitable for infrared images, and is promising. 
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I. INTRODUCTION 

HUMAN detection is an important topic and can be 
applied to many applications, such as intelligent 
transportation systems, video surveillance systems, 
autonomous robotics, video content retrieval, etc. However, 
there are many challenges that people need to solve when 
building an object detection system. Significant intraclass 
variations among human figures exist in the case of 
pedestrian detection because the appearance of humans may 
vary according to different heights, weights, clothes, 
accessories, and even postures. In addition to the intraclass 
variation problem, other challenges include object scale 
variations, partial occlusions, illumination variations, and 
viewpoint change. The purpose of pedestrian detection is to 
alert drivers when there are pedestrians around the vehicle 
and, thus, to reduce the accident probability [1]. Most 
different methods and systems have been developed, e.g. 
shape-based methods, texture-based methods [2], and motion 
[3].For the pedestrians detecting, it is a very difficult 
problem due to their appearance and pose variability. 
Nevertheless, pedestrian detection is by no means trivial in 
infrared images - many of the difficulties known carry over 
from visible light images, such as image variability 
occasioned by pedestrians being in different poses. 
Compared to the vast research on pedestrian detection based 
on visible light images [4] as summarized in [5],especially 
work on infrared-based pedestrian detection research [6] has 
been started. 

A Bilateral Filtering [7] that smoothes images while 
preserving edges, by means of a nonlinear combination of 

nearby image values into the pedestrian detection system 
because of poor infrared image quality. The detection of 
human parts usually is more effective than the direct 
detection of an entire body [8]. We apply Improved Shape 
Context (ISC) which is more robust to small deformation of 
object shapes for pedestrian detection. The idea is to use a 
keypoint detector, then compute an improved shape context 
descriptor for each keypoint, and finally, cluster them to 
construct a codebook [9]. During recognition, each detected 
keypoint is matched to a cluster, which then votes for an 
object hypothesis using Hough voting. 

II. OVERVIEW OF METHOD 

A. Bilateral Filtering for Infrared Images  

A bilateral filter applied to infrared image   produces an 
output image defined as follows: 

            1 , ,I x k x f c x s f f x d   
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with the normalization 

        , ,k x c x s f f x d  
 

 
               (2) 

In our experiments, the closeness function  ,c x is: 
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which is the Euclidean distance between   and x .  
The similarity function s  is: 
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which is a suitable measure of distance between the two 
intensity values   and f . 

B. Improved Shape Context Method 

The definition of SC is a local histogram of edge points 
in a radius-angle polar grid. Following works improve its 
distinctive power by considering different edge orientations. 
other local image features such as HOG, SIFT and wavelets 
have been used in keypoint based detection methods. 

It is illustrated in Fig.1. A shape is represented by a 
discrete set of points sampled from the internal and external 
contours on the shape. These can be obtained as locations of 
edge pixels as found by an edge detector, giving us a 

set   2
1 2, ,..., ,n iIP p p p p IP 

 , of n  points. Consider the 
set of vectors originating from a point to all other sample 
points on a shape. These 1n  vectors express the 
configuration of the entire shape relative to the reference 
point. One way to capture this information is as the 
distribution of the relative positions of the remaining 1n  

points in a spatial histogram. Concretely, for a point ip  on 

the shape, compute a coarse histogram ih  of the relative 
coordinates of the remaining 1n  points, 

    :k
i i ih q p q p bin k    

                (7) 
This histogram is defined to be the shape context of pi. 
 

      
                  (a)                                (b)                             (c) 

Figure 1. Shape Context. (a) Sampled edge point of a shape. (b) Diagram of 
log-polar histogram bins used in computing the shape context, using five 

bins for log r and 12 bins for. (c) Example shape context for reference 
sample marked by in (a).Each shape context is a log-polar histogram of the 
coordinates of the rest of the point set measured using the reference point 

as the origin. (Dark = large value.) 

 

 
            (a)                                  (b)                                      (c) 

Figure 2.  Region Division (a) Method in reference   (b) and (c) Modified 

method (b) enlarges angular span   to 
' , letting bins be overlapped in 

angular direction.  (c) simplifies the method of regional division because of 
dense bins 

A deficiency of the original Shape Context is that when 
dense bins are used or contours are close to the bin 
boundaries, similar contours have very different histograms. 
This leads to a large distance for two similar shapes if L2- 

norm or 
2 distance function is used, though the results 

using the L2-norm are comparable to those using 

the
2 distance and the L2-norm is marginally faster to 

compute. In, Earth Mover’s Distance was proposed by 
Yossi Rubner between two distributions. It alleviates this by 
solving a transportation problem, but it is computationally 
much more expensive. 

The way we overcome this problem is to overlap spans 

of adjacent angular bins:    bin k bin k   
.This 

amounts to blurring the original histogram along the angular 
direction. One edge point in the overlapped regions is 
counted in both of the adjacent bins. So the two contours 
close to the original bin boundary will have similar 
histograms for the overlapping bins. Concretely, the idea is 
shown in Figure 2 (b) by this method, it can tolerate slight 
shape deformation and improves the basic SC without the 
expensive computation of Earth Mover’s Distance. 

Additionally, we simplify the method of regional division, 
avoiding overlap region which have the same pixel counted 
in different regions because of dense bins. It can reduce the 
computation and facilitate the task of detection, have 
stronger rotation invariance. We describe the detail of this 
method in Figure 2 (c) and reduce the number of radial bins 
and angular bins for shape context. 

C. Hough voting for object center location 

We describe the process of detecting the object shape by 
voting mechanism in Figure 3. Figure 3 (a) is an object 
model; dotted lines indicate the outline of objects. Each 
small icon denote a local shape of the objects and the dark 
dot show the center of model that each local shape can be 
calculated in advance to the relative position of models. Each 
of the local shape in Figure 3(b) looks for matches in the 
model; the center of an object is estimated after the 
matching. We observe that two five-pointed star shapes are 
shown in the object model. Each five-pointed star shape can 
give two votes. We can choose the center that won the most 
votes after voting. In Figure 3(c), the Center of the object is 
back to the voters after obtaining the center of the object, and 
then we know sections of foreground and background. 

We apply Hough Voting for pedestrian detection using 
infrared images to predict possible object center locations in 
this paper. Each Shape Context feature is compared with 
every codebook entry and makes a prediction of the possible 
object center. The matching scores are accumulated over the 
whole infrared image and the predictions with the maximum 
scores are the possible object centers. 

In our experiment, the goal of Hough Voting for object 
center locations is to compute the maximum value of energy 

function 
2 2E a b (see equation (8) (9)). 
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    (a)                                          (b)                                        (c) 

Figure 3.  Sample Map of Voting Mechanism 

Where C  is the set of all the locations of points in the 

image, fl
 refers to the location of test characteristics 

f , ce  means the weight   of the sample characteristics 
ce . Furthermore, figure-ground segmentation similar to  for 
each object location can be estimated by backdating the 
matching results.  

After going through the block-based segmentation, the 
next issue is to combine the bounding box of the torso 
prediction and the outcome of the segmentation. Although 
the bounding box of the part prediction is not easily affected 
by pedestrian gestures and brightness, it might still be 
unstable. On the other hand, the outcome of the 
segmentation is more stable in consecutive videos, but it is 
influenced by partial occlusions. The combining method is 
to find the intersected region of the segmented region and 
the torso whenever the size and location difference between 
the bounding box and the segmented region is less than the 
threshold. In this situation, the location of the segmented 
result is set as a pedestrian position.  

Sometimes, the aforementioned difference is larger than 
the threshold. For example, a partial occlusion breaking the 
connected component of the local threshold segmentation 
might fail the segmented outcome. In this instance, a 
reasonable height of a pedestrian and the head position 
predicted by a torso can be applied to combine the broken 
segmented outcome to generate a more suitable bounding 
box for a pedestrian. 

III. EXPERIMENTAL RESULTS 

Most of the pedestrians in the data set are upright 
standing or walking. Some cases of partial occlusions occur, 
including pedestrians walking across the road and some of 
their clothes absorbing infrared rays. The infrared images we 
used are acquired from OSU Infrared Image Database. The 
test images are all 360×240 pixels. Objects in the images are 
roughly at the same scale. Our algorithm is implemented in 
Matlab2009 with a 2.70 GHz AMD Athlon Processor. 

We deduced the optimal set of parameters: 

 the domain filter parameter 0.1d   and the range 

filter parameter 3r   , 

 the number of radial bins for shape context=2, the 
actual bin value is [6, 9] in our experiment, 

the number of angular bins for shape context =2, blurring 
factor of angular =1.0. 

Most of the pedestrians in the data set are upright 
standing or walking. Some cases of partial occlusions occur, 
including pedestrians walking across the road and some of 
their clothes absorbing infrared rays. The infrared images we 
used are acquired from OSU Infrared Image Database. The 
test images are all 360×240 pixels. Objects in the images are 
roughly at the same scale. Our algorithm is implemented in 
Matlab2009 with a 2.70 GHz AMD Athlon Processor.  

We deduced the optimal set of parameters: 

 the domain filter parameter 0.1d   and the range 

filter parameter 3r   . 
 the number of radial bins for shape context=2, the 

actual bin value is [6, 9] in our experiment. 
the number of angular bins for shape context =2, blurring 

factor of angular =1.0. 

TABLE I RESULT OF COMPARISON 

Method HOG ISC 
Training 117 35 
Testing 465 465 
Correct 398 421 
Wrong 67 44 

Accuracy 85.59% 90.54% 
 

 
                     (a)                                                  (b) 

Figure 4. Experiment Results.  (a) Input image. (b) Result after Bilateral 
Filtering 

              
                     (a)                                                (b) 

              
                      (c)                                                 (d) 
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(e) 

Figure 5.  Experiment Results.  (a) Input image. (b) Result after Bilateral 
Filtering.  (c)Result with max voting score.(d)Result with vote map. (e) 

Final result with our method 

              
  (a)                                                (b) 

              
   (c)                                                 (d) 

Figure 6. Experiment Results.  (a) Input image. (b) Result with the original 
method. (c) Result after Bilateral Filtering with our method. (d)Final result 

with our method 
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Figure 7. ROC curves for the cases of occlusions and partial occlusions. 

The experimental result is shown in Figure 4, Figure 5 
and Figure 6, and a comparison with the original method is 
made. A strongpoint is shown with our method which 
removes most texture, noise, and fine details, but preserves 
large shape edges without blurring and obtains better result 
than original method (see Figure 5). ISC method over the 
other shape matching method obtains a fine result after the 
rotation and translation of the object; this is useful for the 

object detecting. This method keeps two-dimensional 
invariant, and is better than the original Shape Context which 
applied only to simple matching. We also compare with 
Histograms of Oriented Gradients (HOG)(Table.1), using the 
implementation of the authors of [19], we obtain a good 
result with our method, but we only use a very limited 
number of training examples, and we did not utilize any 
negative training examples. This is a strongpoint, and it is 
better than the HOG which applies many training examples. 

Moreover, Fig. 7 gives the comparison of receiver 
operating characteristic (ROC) curves. In the case of 
occlusions and partial occlusions, the detection results of this 
method outperform those of other methods. 

IV. CONCLUSION 

A method of robustly detecting pedestrians in infrared 
images is presented. A Bilateral Filtering that smoothes 
images while preserving edges, by means of a nonlinear 
combination of nearby image values into the pedestrian 
detection system because of poor infrared image quality. The 
detection of human parts usually is more effective than the 
direct detection of an entire body. We apply Improved Shape 
Context (ISC) which is more robust to small deformation of 
object shapes for pedestrian detection. 

The idea is to use a keypoint detector, then compute an 
improved shape context descriptor for each keypoint, and 
finally, cluster them to construct a codebook. During 
recognition, each detected keypoint is matched to a cluster, 
which then votes for an object hypothesis using Hough 
voting. Experiments conducted on Infrared Image Database 
demonstrate that our algorithm performs well regardless of 
small deformation of object. 

In the future, more part categorizing methods will be 
studied. A coarse-to-fine scheme may help improve the 
efficiency of the detector. We are also interested in 
investigating the performance of the system as a function of 
the distance between a camera and the detected object. 
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