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An automatic multiple person detection and tracking technique for static camera movies is proposed 
in this paper. First, a moving human identification method is provided. It detects the video objects by 
using a novel temporal differencing based algorithm and some morphological processes. Then, our 
approach decides which moving objects represent walking persons, by computing some human size 
parameters and extracting some skin segments. A novel human tracking technique using a correlation-
based video object matching process is then proposed in this paper.  
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1. INTRODUCTION 

 Human detection and tracking in video sequences has represented a high-interest computer vision 
domain in recent years [1, 2]. Obviously, it represents the most important sub-class of the video object 
detection and tracking research area.  

Moving object detection and tracking is a challenging computer vision task consisting of two closely 
related video analysis processes. The first one, object detection, involves locating an image object in the 
frames of a video sequence, while video tracking performs the monitoring of the video object spatial and 
temporal changes during sequence, including its presence, position, size, shape, etc. [1].  Any object tracking 
technique must solve the temporal correspondence problem that is the task of matching the target object in 
successive frames. Usually, the tracking process starts with detecting the initial instance of the moving object, 
then identifying that image object repeatedly in subsequent frame sequence. Video tracking is often a difficult 
process, due to factors such as abrupt object motion, object occlusions and camera motion [2]. 

Person detection represents the process of identifying the presence of humans in video streams and 
differentiating them from non-human video objects. Human tracking identifies the instances of each detected 
person in the frames of the analyzed movie. Detecting humans in images and videos constitutes a challenging 
task, being complicated by numerous factors, such as: variable people appearance, camera position, wide 
range of poses adopted by persons, variations in illumination, brightness, contrast levels or backgrounds, and 
person occlusions [2,3]. Over the last decade the problem of detecting and tracking humans has received a 
considerable interest. Significant research has been devoted to detecting, locating and tracking people in 
digital images and videos, since numerous applications involve humans’ locations and movements [2]. Many 
person identification and tracking techniques have been developed recently [3]. Thus, human detection has 
been approached using methods based on background subtraction [4], frame differences [1, 5], Histograms of 
Oriented Gradients (HOG) [6], Partial Least Squares Analysis [7], Haar Wavelets with SVM [8], SIFT 
descriptors [9], Hough transforms [10] and Active Contour models [11]. Also, various human motion 
tracking techniques have been proposed in this period. Most popular approaches use Kalman filtering [12], 
Mean-Shift algorithms [13], Optical Flow [14], HMM [15], contour tracking [15] and human matching [16]. 

Obviously, person detection and tracking has a wide variety of computer vision application fields. Its 
most important application areas are: video surveillance and security systems, law enforcement, biometrics, 
human-computer interaction, video indexing and retrieval, medical imaging, augmented reality and robotics. 
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Some methods for human detection and recognition in digital images were provided in our previous 
works. Thus, we proposed several face detection [17], face recognition [18] and human skin identification 
techniques in those papers [17]. Also, we have approached the video object detection and tracking domain in 
the recent years [19]. So, we consider human body detection and tracking in video sequences as the next 
important computer vision task to be solved and also a unification of the mentioned research areas. Face and 
skin features are used by the motion analysis algorithms in our person detection and tracking research. 

In this article we propose an automatic multi moving human detection and tracking system for static 
camera videos. The developed computer vision system only identifies the moving people, not all humans 
from video frames. It is mainly intended for pedestrian detection and tracking in fixed camera movies, 
therefore being very useful for video surveillance applications. Our novel detection and tracking approach 
consists of the following steps. A video pre-processing step, consisting mainly of image denoising and 
restoration operations, is performed first. Then, a moving object identification technique is applied on the 
filtered video sequence. The multiple video object detection that is described in the next section uses an 
improved temporal differencing method and several morphological operations, representing an important 
contribution of this paper. Then, each identified video objects is classified either as human or non-human, 
using a method, based on skin detection and some human parameters, that is also provided in the second 
section and constitutes another original contribution of this article. Next, a human tracking process is 
performed on the detected persons. The proposed tracking technique that is presented in the third section 
uses a correlation-based moving object matching algorithm. Some human detection and tracking experiments 
are discussed in the fourth section. This article ends with a section of conclusions and a list of references. 

2. MULTIPLE MOVING PERSON DETECTION TECHNIQUE FOR STATIC CAMERA VIDEOS 

We consider the following computer vision task: given a video sequence recorded with a fixed camera, 
one has to detect and track all the walking persons from this sequence. Often, the movie sequence must be 
pre-processed before performing the video analysis on it. The pedestrian tracking has to be performed within 
each shot of the video stream, therefore a temporal segmentation should be performed first on it. In our 
previous works we proposed some video shot detection approaches which can be applied here [20]. A key 
frame extraction can also be performed on the analyzed movie, if it has a very large dimension. Depending 
on the state of the video sequence, some enhancement operations may also be required. We also provided 
denoising and restoration techniques [21,22], which facilitate image object identification in the video frames.  

The multi moving human detection process consists of two steps. In the first subsection we propose a 
novel foreground segmentation of the enhanced video sequence. The identification of the moving objects 
representing humans is approached in the second subsection.  

2.1. A novel video object detection technique 

Our proposed multiple moving object detection approach is based on a novel temporal differencing 
algorithm and some morphological operations. The frames of the analyzed video are converted into the 
grayscale form, resulting the sequence nII ,...,1 . The video motion of this sequence can be estimated using a 
frame difference technique [1, 2, 5]. Thus, the difference of two consecutive video frames indicates the 
motion between them, the resulted non-black image zones representing the moving regions. Unfortunately, 
such a moving region does not represent always an entire moving object of the video stream. That happens 
because both the image objects and the frame background could be composed of more homogeneous regions, 
characterized by various intensities. Let us express the difference between two video frames as:  

( , ) ,    [1, ], .i jFD i j I I i, j n i j= − ∀ ∈ ≠                                                         (1) 

Any moving object that is present in the frames iI  and jI , is represented in the grayscale image 
),( jiFD  by some non-black regions. The high-intensity pixels of the object (those having greater values than 

background pixels) are displayed in ),( jiFD  at the locations occupied in iI , while its low-intensity pixels are 
displayed in ),( jiFD  at their positions in jI . It is also possible that some non-zero pixels represent some very 
small camera movements, and not moving objects.   
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Fig. 1 – Temporal differencing for two video frames. 

A video frame difference example is displayed in Fig. 1. In the images (a) and (b) there are depicted 
two frames of a video containing a walking person. Their computed frame difference image is displayed in 
Fig. 1 (c). It contains two major non-black zones, representing the higher intensity region (upper half) and the 
lower intensity region (bottom half) of the person. Several small area non-black spots represent some errors 
provided by redundant noise or unintended camera motion. The frame difference computed by (1) can be 
converted into the binary form by setting to 1 all pixels exceeding a properly selected threshold value T, as in: 

 
1,    if  ( , )  

( , ) ,  [1, ], .
0 ,    if  ( , )b

F D i j T
F D i j i, j n i j

F D i j T
≥

= ∀ ∈ ≠ <
  (2)  

Some necessary morphological operations are then applied to ),( jiFDb . We consider the dilatation 
process is quite useful in this case [23]. The dilated binary image is obtained from: 

 ( , ) ( , ) ( , )S b b s
s S

F D i j F D i j S F D i j
∈

= ⊕ = ∪   (3) 

where ⊕ represents the dilatation morphological operator and S is the considered structuring element, a 
[ ]ll ×  square [23]. The connected components of the dilated binary image ),( jiFDS  are then determined. 
The components representing errors must be removed, so, our approach identifies and deletes the white 
regions having inappropriate dimensions. The following categories of connected components are discarded: 

• Small white spots: connected components whose area does not exceeds a given threshold 
• Connected components whose bounding rectangle has a dimension under a threshold value 
• Components characterized by a low solidity (ratio between the region area and its bounding box area) 
The result of this binary image processing is noted as ),( jiFD p

S . The processed frame difference image 
corresponding to the video frames depicted in the figure is displayed in Figure 1 (d). The proposed motion 
detection algorithm identifies the moving objects from 1I  to 1−nI , first. At each step i, our approach 
determines the video objects of iI , by using the next two frames, 1+iI  and 2+iI . The corresponding 
morphologically processed frame differences )1,( +iiFD p

S  and )2,( +iiFD p
S

 are computed, their intersection 
being determined next. We consider the intersection of two binary images to be the image having the same 
pixel values at the locations where they coincide and 0 in the locations where they differ: 
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( , 1)[ , ], if ( , 1)[ , ] ( , 2 )[ , ]
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0,                          if ( , 1)[ , ] ( , 2 )[ , ]

p p
S S

p p p
S S S

p p
S S

F D i i F D i i x y

F D i i x y F D i i x y F D i i x y
F D i i x y F D i i x y

+ + =

 + + = +


+ ≠ +

∩
      (4) 

      Some morphology-based processing can be further applied on the resulted intersection image [23]. The 
connected components of )2,()1,( ++ iiFDiiFD p

S
p

S ∩  correspond to all high-intensity components of the 
moving objects of iI . The low-intensity components of its moving objects are identified similarly. These low-
intensity regions correspond to connected components of binary intersection image ),2(),1( iiFDiiFD p

S
p
S ++ ∩ . 

The video objects of iI  are determined by computing sum of these image intersections: 
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 ( ) ( ( , 1) ( , 2)) ( ( 1, ) ( 2, )).p p p p
S S S SObj i FD i i FD i i FD i i FD i i= + + + + +∩ ∩   (5) 

The connected components of the binary image Obj(i) correspond to moving objects of frame iI . All 
moving video objects of the frames  1I , 2I ,…, 1−nI  are detected this way. So, the last stage of our detection 
approach consists of identification of the final locations in nI  of these objects. This detection is performed 
through a backward identification process that is expressed as following: 

 ( ) ( ( , 1) ( , 2)) ( ( 1, ) ( 2, )).p p p p
S S S SObj n FD n n FD n n FD n n FD n n= − − + − −∩ ∩    (6) 

      Each binary image Obj (i) contains the same number of connected components. For each component 
one determines its bounding rectangle. Sub-images of the frame iI  corresponding to these rectangles represent 
its detected moving objects (foreground). A moving object detection example is described in Fig. 2:  
 

 
Fig. 2 – Moving object detection scheme. 

2.2. Video object analysis for moving person identification 

The moving objects of the video sequence being identified, our video analysis must now decide which 
of them represent human persons. Therefore we consider a set of conditions which have to be satisfied by a 
video object representing a pedestrian. Our first condition says the height of the bounding box of the image 
object representing a person candidate has to be at least two times greater than its width. The second 
condition says that the object solidity must be over 50%. Let )(' iObj  be the binary image obtained after 
removing from Obj (i) the components not satisfying the two conditions. The third condition says the moving 
object has to contain skin regions to be considered a human body. Therefore, we introduce an original skin 
detection technique for color images. Human skin detection represents the process of identifying skin-
colored regions in a digital image. It is usually used as a preprocessing step for diverse application areas, 
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such as face detection, human detection, content filtering and content-aware video compression. In the last 
decade extensive research has focused on the skin detection task. The most popular skin recognition 
technique is the detection algorithm proposed by Fleck and Forsyth in 1996 that is based on explicitly 
defined regions [24]. We also proposed novel skin identification methods using decision rules in our 
previous works [17]. Thus, our detection approach defines explicitly the human skin regions. The algorithm 
applies some restrictions to the channels of the color space, each component of a skin pixel being restricted 
to a specific interval [17]. While it represents one of the most used color spaces for processing and storing of 
digital image data, RGB is not a favorable choice for skin color analysis, because of the high correlation of 
its three channels and the mixing of luminance and chrominance data. For this reason our skin segmentation 
technique uses HSV and YCrCb colorspaces. The RGB image is converted into Hue Saturation Value format, 
by computing the 3 components using the well-known conversion equations. We obtain the components, H, 
S and V, as 3 matrices whose coefficients belong to [0,1] interval. We are interested mainly in hue value, H. 

Then, a conversion in YCr Cb color space is performed. In fact, it does not represent an absolute color 
space, but a way of encoding the RGB information. In this format Y represents the luminance, while Cr and 
Cb are the blue-difference and red-difference chroma components. These three components of the color space 
are computed as linear combinations of R, G and B image components. Therefore, the computation formulas 
of the chroma components, Cr and Cb, have the general form α·R+β·G+γ·B+128, where the coefficients α, β, 
and γ ∈ [–0.5, 0.5]. We consider some proper values for these coefficients and obtain the components: 

 
0.15 0.3 0.45 128

0.45 0.35 0.07 128.
r

b

C R G B
C R G B

= ⋅ − ⋅ + ⋅ +
 = ⋅ − ⋅ − ⋅ +

 (7) 

A set of restrictions is then applied on these two components and on the hue, to identify the skin-
colored regions. Thus, each pixel of the analyzed [ ]NM×  image I belongs to a human skin segment if the 
corresponding values in Cr, Cb, H are situated in certain intervals. One obtains a binary image IS , identical 
in size with I, whose white regions correspond to skin segments. So, our skin detection model is expressed as 

 
1,  ( , ) [150,165], ( , ) [145,190], ( , ) [0.02, 0.1]

( , ) ,
0,                                                                             o therw ise

r b
I

if C i j C i j H i j
S i j

∈ ∈ ∈
= 


 (8) 

where [ ]Mi ,1∈  and [ ]Nj ,1∈ . The connected components of IS  could represent some human body parts 
such as faces, hands, arms, legs and feet. Therefore, the detection of skin regions in the image indicates the 
human presence. Obviously, our skin recognition approach works on the color versions of the frames iI . A 
skin detection example is displayed in Fig. 3. The color frame i, whose moving objects have been detected in 
Fig. 2a, while its identified skin regions are displayed in the binary image of Fig.2b.  
 

 
Fig. 3 – Skin detection example. 

If these skin segments modeled by (8) are identified in the moving object locations, then those video 
objects should represent human persons. So, for each frame iI , our approach computes the intersection 

iISiObj ∩)('  and determines its connected components. The moving objects of )(' iObj  containing these 
components are considered humans. Let the subimages of iI  determined by the bounding boxes of these 
human objects be noted as { },...,1

i
K

i PP . Obviously, the two moving objects detected in the example 
displayed in Fig. 2 satisfy the width to height ratio and solidity conditions. Also, the skin segments from  
Fig. 3b are detected in the locations of these moving objects, therefore these objects represent walking persons. 
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3. CORRELATION-BASED MATCHING APPROACH FOR MULTIPLE HUMAN TRACKING 

In this section we consider a video tracking method for the previously identified moving persons. Now, 
one knows the moving objects representing humans of each frame, but the instances of any given person in 
the next frames remain unknown. The proposed tracking approach identifies for each pedestrian from a 
frame its instance in the next frame, which must represent the most similar moving person.  

We consider a correlation-based human matching approach for video tracking. Thus, for each video 
frame iI  we have the moving person sequence { },...,1

i
K

i PP . For each ],1[ Kj ∈ , one has to find in the next 
frame 1+iI  the human object i

j
i

t PP ≈+1 , where ],1[ Kt ∈  and symbol ≈ represents the content similarity 
between image objects. Let us note )( jmatcht i=  the index value that must be determined for all i and j. This 
video object matching task is performed by using a normalized cross-correlation procedure [25].  

Our approach computes the 2D cross-correlation coefficients between the current object of the current 
video frame and all the human objects of the successive frame. Its perfect match is determined as the moving 
object corresponding to the maximum correlation coefficient value. The same matching process is applied to 
all human objects and all frames. So, the entire video tracking process is modelled as following: 
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Obviously, any moving person tracked in this grayscale video stream is modeled as an object sequence 
{ ],1[)(

1
)(

2
)(

1 },...,,...,,
11 Kj

n
jmatch

i
jmatchjmatchj ni

PPPP ∈
+

−
. Then, the corresponding instances of this person in the frames 

of the initial colored movie are easily detected and marked accordingly. Another human matching solution 
has also been tested. Thus, one can use the edges of the i

jP  image objects instead of these objects in the 
correlation procedure expressed by (9). We have detected the edges of these sub-images using a Canny filter 
[26], then successfully tested the obtained edge images in the matching process. Unfortunately, computing 
the edge information raises substantially the complexity of the video tracking process and its execution time.  

 

 
 Fig. 4 – Human tracking example. 
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A human person tracking example is represented in Fig. 4. The proposed object matching algorithm is 
applied on the same sequence of the three consecutive video frames analyzed for pedestrian detection. On the 
left column of the figure, one can see the identified human objects, two for each grayscale frame, bounded by 
colored rectangles. The human matching process is represented by arrows linking objects of different frames 
and marked by the computed 2D correlation results [25]. The arrows corresponding to the higher correlation 
values indicate the correct matches. On the right column of Fig. 4, there are displayed the final detection and 
tracking results: the identified and tracked moving persons in the initial color frames.  As one can see in the 
pictures, instances of the same pedestrian are marked with the same color and linked by same-color arrows.  

4. EXPERIMENTS 

The pedestrian identification and tracking approaches proposed in this article have been tested on 
numerous video datasets. One has performed various detection and tracking experiments on video sequences 
containing people and obtained satisfactory results. The provided techniques produce quite high detection 
and tracking rates. Thus, the proposed human identification approach achieves a person detection rate of 
approximately 80%. Our temporal differencing based moving object detection technique has a much higher 
rate (over 90%), but this rate is lowered by the proposed skin recognition performance.  

The described skin segmentation technique produces a robust identification of the skin-colored 
regions. But because our approach does not perform a semantic analysis, it is possible to identify as skin 
some regions representing skin-colored image objects, such as parts of clothes. Also, there have been 
obtained satisfactory values for performance parameters of Precision, Recall and F1. Our human detection 
approach produces few missed hits, meaning undetected moving persons, and also few non-human objects 
detected as humans. The provided video tracking technique is also characterized by a high person matching 
rate that exceeds 80 percent. The performance parameters are Precision = 0.85 and Recall = 0.85, which 
means very few false positives and false negatives are obtained by the tracking method. 

Some of our detection and tracking experiments are described in the previous figures (Fig. 1 to Fig. 4). 
We consider the following parameter values in the detection processes of our experiments: T = 25 for 
relation (2), l = 2 for structuring element. We have compared the performances of human detection and 
tracking approaches proposed here with detection and tracking performances of other known techniques, 
such as those based on Histograms of Oriented Gradients (HOGs) [6,27]. We have found that our detection 
and tracking system provide comparable good results for non-occluded side view pedestrian detection. 
Unfortunately, our human identification method performs worse than HOG-based approaches for front view 
pedestrian detection, rear view pedestrian detection and partially occluded pedestrian detection [27].  

5. CONCLUSIONS 

A novel automatic human detection and tracking system for fixed camera video sequences containing 
multiple moving objects have been proposed in this article.  Our paper brings important contributions in both 
the human identification and video tracking research areas. First, we have proposed a new moving person 
detection technique. The moving objects of the video stream are identified using an improved frame-
difference based algorithm and some morphological operations. Then, the detected objects satisfying some 
certain conditions are classified as humans. One of these conditions is the presence of skin regions in the 
analyzed image object, so a new color-based skin detection approach has also been provided. The identified 
people are tracked in the video sequence using an object matching technique. A cross-correlation based 
human matching approach is proposed in this paper. Numerous experiments have been performed using the 
proposed approach and satisfactory human detection and tracking results have been obtained.  

As we have already mentioned, the person detection technique here does not work optimally for any 
human detection task. It performs successfully for detection of non-occluded side view pedestrians [28], but 
provides poorer results for occluded people, front view and rear view moving persons. Also, our approach is 
not well suited for non-pedestrian human detection and tracking. It can not successfully detect moving persons 
which are not in the upright position, because of the condition related to width to height ratio. Persons with no 
visible skin regions, such as masked and gloved humans, are also difficult to identify. They could be detected 
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and tracked if the skin-related condition is removed, but more errors may also appear in this case, like some 
moving objects detected as humans. Also, the method does not identify the static persons from the movies at 
all and performs quite unsatisfactory for detection of people moving only parts of their bodies (like head, 
hands or feet). Because of the temporal differencing procedure used for video motion estimation, the proposed 
human identification technique is also very sensitive to camera movements. Even the presence of small 
camera motion could affect quite seriously the entire moving object detection process.  

Therefore, our future research in this video analysis domain will focus on improving and extending the 
proposed techniques in the mentioned directions. So, we intend to make our detection approach work better in 
the case of partially occluded persons, front view and rear view walking people. Also, the human detection 
errors caused by unintended camera motions will be better addressed. Non-pedestrian human identification 
approaches will also be considered. The human detection and tracking results described in this article can be 
successfully applied in many important computer vision domains. Video indexing and retrieval, robotics, 
video surveillance and urban traffic monitoring are some of these application areas [29].  
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