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ABSTRACT   
Adaptive Multimedia Content Retrieval and Delivery for small displays is one of the 

challenges faced by Multimedia Community. Input video is transformed to an output 

video by utilizing manipulations at multiple levels (signals, structural or semantics) to 

meet diverse resource constraints and user preferences with optimizing overall utility of 

the video.  The proposed system is developed to display the retrieved video shot, by 

motion trajectories of individual object, in a small displays. This system needs video shots 

as the inputs whose motion vectors are extracted by using exhaustive search algorithm. 

This shot-level motion feature is linked across the consecutive frames of shot to form the 

motion trajectories. Remove redundant trajectories and preserve one motion trajectory 

from all the similar motion trajectories. The representative object motion trajectory is 

stored in a database. Query interface which allows users to search for similar video shots 

by giving query video clip as input. Similarity matching algorithm is used to retrieve 

similar video shot from the database by comparing their motion trajectories. In this paper, 

next, in order to display those retrieved video shots in a small display, shape information 

of moving objects are extracted using Region- Growing algorithm. The segmented 

foreground is scaled down and re-integrated with the repaired and directly resized 

background to deliver effective video shot for small displays.  

Keywords: Motion Trajectory, Exhaustive Search algorithm, Douglas - Peucker algorithm, 

Region Growing algorithm, Content-based video retrieval (CBVR). 

 

 

1 .  INTRODUCTION 

The advent of multimedia computing has led to increased demands for digital 

videos. CBVR plays a crucial role in many multimedia / data mining applications 

and is an important but inherently difficult problem. Video Adaptation is a key 

technology for transforming video stream with one or preferences. At user’s end, 

hand-held devices including cellular phones, PDAs, and pocket PCs are now 

used for their mobility and portability. In order to display in these hand-held 

devices, the screen size is kept permanently unchanged and even as small as 

possible. For adapting videos on a small display a conventional scheme can be 

divided into two categories: spatial transcoding and frame cropping [1][2]. Due 
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to bias of their design purpose, an adaptation engine has to make visual tradeoffs 

between the subject readability and content completeness [3]-[5]. The 

difficulties in conventional scheme arise because they both passively attempt to 

adopt the plain frame but not the actual content it contains. A novel framework 

is proposed by Wen-Huang Cheng et al.  to provide effective small videos which 

emphasize the important aspects of a scene with retaining the background 

context. Adaptive content delivery for small displays aims at delivering effective 

small size videos for its displays. Video segmentation is done by extracting the 

shape information of moving object from the video sequence. A foreground 

object is defined as a region and other areas are regarded as uncovered 

background regions and are discarded. The thresholds of distance measure 

determine how homogeneous region should be at the end of that frame. Small 

thresholds tend to generate multiple colors consistent but small regions. Such 

thresholds cause over-segmentation. On the other hand, larger thresholds may 

combine colored regions into one by passing over weak edges, which bring in 

under-segmentation. Distance threshold controls the color variance of the 

region. 

Interpolation is an imaging method to increase or decrease the number of pixels 

in a digital image. Many method are available to rescale foreground frames of 

video ie., Bilinear Interpolation, Bicubic Interpolation etc., Nearest neighbors 

interpolation is the method is used in [3], which finds the location of each new 

point relative to one nearest neighbor of the original image and makes the pixels 

bigger. It does not change the color information of the image and does not 

introduce any anti-aliasing. 

The background is assumed to be stationary and the filling of stationary 

background is done by computing the confidence of pixels which are deemed to 

belong to the moving foreground or to the damaged area is set to zero. The rest 

of the pixels are initialized to a confidence value of one. The static background 

filled-in is consistent throughout the video [2][3]. 

This adaptive video to display on the small display is retrieved based on their 

content. There are many retrieval techniques exist in survey[6]. Mainly 

Multimedia databases are convenient for describing and storing media such as 

image, text, voice, video temporal and physical components of information. The 

large amount of multimedia information requires efficient and effective 

annotation and retrieval method. There are several applications that need the 

ability to query these multimedia objects based on their content. Visual content 

based retrieval is best utilized when compared with the traditional search [7], at 

user interface and the system level. The basic reason for this is that we do not see 

the possibility of content based retrieval replacing the ability of parametric 
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search or text search. The key is to apply content based retrieval wherever 

appropriate, and this is where the use of text is become suboptimal.  In 

Multimedia applications, visual appearance (e.g. color, texture, shape, motion) is 

an important search argument. The determination of features, which represent 

the issues, is still a serious problem, which affects the results of retrieval directly. 

There are many types of feature extraction methods in literature. These features 

are extracted from video by many ways. However, there is not any unique 

method that fits all issue types. Popular feature extraction methods include auto-

correlation [8], gray-level based approaches [9, 10], co-occurrence matrices [11], 

wavelet-based transform [12], Discrete Fourier Transform [13], and discrete 

cosine [14] transforms. Main problems of video processing applications come 

from the large number of features with position and scaling changes. Therefore, 

more clever and robust feature extraction methods are needed.  

As motion is an important feature of video, much work has been carried out on 

motion feature video retrieval [15] [16].  This motion feature is linked across the 

consecutive frames of shot to form the motion trajectories. Remove redundant 

trajectories and preserve one motion trajectory from all the similar motion 

trajectories. The representative object motion trajectory is approximated by 

Douglas-Pecker algorithm which is then stored in a database. There are many 

similarity measuring techniques exist i.e. distance-based similarity, feature-based 

similarity, probability-based similarity to retrieve a video based on their content. 

In this paper, we proposed motion trajectory similarity based video shot 

retrieval. 

The rest of the paper is organized as follows: Section 2.1 describes System 

Representation. Section 2.2 describes Motion feature extraction and Motion 

trajectory. Section 2.3 proposes Trajectory comparison. Section 2.4 explains the 

Retrieval techniques. Section 2.5 discusses the delivery of video frames for small 

displays. Section 3 discusses the result of the experiment. Finally, Section 4 

concludes the paper. 
 

2 .  PROPOSED WORK FOR VIDEO CONTENT RETRIEVAL AND 

ADAPTIVE DISPLAY 

2.1. System Representation 

The block diagram of content-based video retrieval and display system is given 

in figure 1. The system consists of three modules: the input module, the query 

module, and display module. 

In an Input Module, video shot is taken as input. The motion feature vector is 

computed for every frame of video shot by Exhaustive search algorithm.   
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Motion vectors only record the direction and magnitude of two consecutive 

frames so they are only comprised of local data that does not have much 

semantic meaning. Since motion vector is dispersed in the spatial domain, we 

construct motion trajectory from these vectors. To make use of the consistency 

of motion direction, the color distribution, and the overlapping area between 

macroblocks of two consecutive frames, all neighboring motion vectors are 

linked. These linked motion vectors form the so-called motion-flows or 

continual motion which contains more semantic meaning. Approximate these 

representative motion trajectories by generating control points and storing them 

in a database. In a query module, when a user wants to play any part of video 

shot, they must give a query video clip. Motion trajectory is identified for the 

query video clip. The query motion trajectory is compared with the database 

content by using similarity matching algorithm. If match occurs then relevant 

video shot is retrieved. In a Display module, in order to display in small devices, 

the retrieved relevant shot’s foreground is extracted by Region-growing 
algorithm.  In order to display in the small devices to feel the originality of video 

sequences, the foreground is rescaled and noisy irregular background is repaired 

by Temporal and Spatial filling-in method and finally, the reintegration of 

foreground and background of relevant video shot is done.  
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Fig. 1:  Block-Diagram of Content-Based Video Retrieval and Delivery for 

Small Displays 

 

2.2 Motion feature extraction and Motion trajectory: 

Motion estimation is the process of determining motion vectors that describe the 

transformation from one frame to another; usually from adjacent frames in a 

video sequence. The idea behind block matching is to divide the current frame 

into a matrix of macro blocks. Each macro blocks are compared with 

corresponding block and its adjacent neighbours in the previous frame to create 

a vector that stipulates the movement of a macro block from one location to 

another in the previous frame. The search area for a good macro block match is 

constrained up to ‘p’ pixels on all fours sides of the corresponding macro block in 

previous frame. This ‘p’ is called as the search parameter. Larger motions require 

a larger search parameter. Usually the macro block is taken as a square of side 16 

pixels, and the search parameter ‘p’ is 7 pixels. The matching of one macro block 

with another is based on the output of a cost function. The macro block that 

results in the least cost is the one that matches the closest to current block. 
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There are various cost functions, of which the most popular and less 

computationally expensive is Mean Absolute Difference (MAD) given in ‘eq1’. 

 ------ ‘(1)’ 

Where N is the side of the macro bock, Cij and Rij are the pixels being compared 

in current macro block and reference macro block, respectively. This algorithm 

calculates the cost function at each possible location in the search window. 

Exhaustive Search algorithm, also known as Full Search, is the most 

computationally expensive block matching algorithm. This algorithm calculates 

the cost function at each possible location in the search window. As a result of 

which it finds the best possible match.Several candidate local motions located in 

the previous frame could be connected to a local motion in the current frame. 

Thus, when we try to make the necessary connections between two local motion 

fields, each macroblock in the current frame may overlap with four macroblocks 

in the previous frame, as shown in Figure 2.  

 
Fig. 2: A current motion vector and the four possible previous motion vectors 

that could be linked to it. 

In other words, it is possible that several candidate local motions located in the 

previous frame could be connected with a local motion in the current frame. 

Therefore, two criteria were used in order to choose the most reliable candidate 

for the current local motion. The criteria are:  

 Consistency of motion direction  

 Color distribution 

Suppose LMCur is a local motion and C denotes the set of candidates of LMCur 

in the previous frame. The most reliable candidate, LMancestor, is chosen based 

on the following rule given in ‘eq(2)’. 

  LMancestor= arg Min |(θm,αфm)| --------------‘(2)’ 

                             m€C 
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θm is the angle formed by LMCur and a possible candidate m and Фm is the color 

histogram difference between macroblocks. Furthermore, all the parameters are 

normalized so that all the values fall within the range [0,1], and α is weighting 

values that balance the influence of the two factors. Once the most reliable 

candidate of LMCur has been determined, link the local motions acquired at 

different time spots to form a single motion trajectory for each macro block. 

Approximate Representative Motion Trajectory is done by removing redundant 

motion trajectory. Since a large moving object may cover several similar motion 

trajectories, remove redundant trajectories and preserve one representative 

motion trajectory from all the similar motion trajectories. 

Select a motion trajectory ‘a’ that has the longest duration in a shot. Suppose ‘a’ 

starts from time ti and ends at time tj, and let {B} be a set of motion trajectories 

whose start and end times are both within the duration of ti and tj. If the average 

of the relative spatial distance ‘a’ and ‘b’ is lower than a given threshold, remove 

a motion trajectory ‘b’, belonging to {B}. This is given in ‘eq (3)’ 
 

              ∑t€ [ts,te] |(at-ats) – (bt- bts)| 

  ________________________________ <ε -------‘(3)’ 

                 te-ts   

Where ts and te are, respectively, the start and end times of motion trajectory ‘a’, 

at and bt denote the spatial position of a and b at time‘t’ respectively, ats and bts 

denote the spatial position of a and b at time ts respectively. If the average of the 

relative spatial distance between ‘a’ and ‘b’ is lower than a given threshold є, we 

consider b to be a sub segment of ‘a’. As ‘b’ can be retrieved from ‘a’ by a partial 

matching process, it is redundant and can be removed. Consider ‘a’ as the 

representative of the motion trajectory removed from {B} and store it in the 

database. 

To reduce time complexity and minimize the storage space required, remove 

redundant points from trajectory and select the necessary control points from 

the trajectory. In this paper, we used the Douglas - Peucker algorithm [15] 

recursively divides the line. Initially it is given all the points between the first 

and last point. It automatically marks the first and last point to be kept. It then 

finds the point that is furthest from the line segment with the first and last 

points as end points (this point is obviously furthest on the curve from the 

approximating line segment between the end points). If the point is closer than 

pre-set threshold to the line segment then any points not currently marked to 

keep can be discarded without the smoothed curve being worse than pre-set 

threshold.If the point furthest from the line segment is greater than ‘ε’ from the 

approximation then that point must be kept. This algorithm recursively calls 
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itself with the first point and the worst point and then with the worst point and 

the last point (which includes marking the worst point being marked as 

kept).When the recursion is completed a new output curve can be generated 

consisting of all (and only) those points that have been marked as kept. Finally, 

the chosen intermediate points and the two end points are reserved as the 

control points of the trajectory. 

                                                               1 0 

EstDistijQ’, D’= |(Q’j-Q’i) – (D’j-D’i)|.       1 0  ---------- ‘(4)’ 

                                                                0 1 

    0 1 

Where i and j (i<j) denote the ith and the jth check points of two partial 

trajectories located on Q’ and D’, respectively. Qj’- Qi’ and Dj’- Di’ represent the 

difference between the ith and the jth check points of Q’ and D’, respectively and 

(Q’j-Q’i)–(D’j-D’i) is a 1x4 vector, and its subsequent part in (4) is a 4x2 matrix. 

Therefore the 1x2 vector is generated finally. The total distance metric between 

Q and D as given ‘eq 5’. 

         N-1 

  Dist (Q,D) = ∑ |EstDisti,i+1Q’, D’|  ------------- ‘(5)’ 

         i=1 

Cumulative length of the 

trajectory‘d’ value is used to find the 

similarity between Q and D in the 

spatial domain, as shown in Figure 

3. EstDist1,N (Q’,D’) is greater than 

the predefined threshold value δ 

then the database trajectory D is not 

similar to Query trajectory Q. Once 

the value of EstDist1,N (Q’,D’)  is less 

than the threshold value, Q’ and D’ can be divided into four sub trajectories by 

insert Q2’ and D2’. Compute the sum of EstDist1,2 (Q’,D’) and EstDist2,N (Q’,D’) as 

the distance between the sub trajectories. If the distance between two distinct 

sub trajectories is still larger than a predefined threshold δ, D will be filtered out. 

Otherwise, insert Q3’ and D3’ to further compute the distance between the sub 

trajectories. The process is executed repeatedly until the computed distance is 

larger than δ, or there are no more intermediate check points within each sub 

trajectory. All these comparison is made with the stored database. We quickly 

determine that trajectory D is similar to Q if the returned value of |EstDistijQ’, D’ | 

is less than the predefined threshold δ. If match occurs with database 

Fig. 3: Q and D in the spatial domain 

 



NJSIT Vol  3   No 1   June 2010   50     

 

information, the relevant shots are listed as output. As per user need, the 

required shot is selected from the relevant set and send that shot as input to the 

next section. 

2.4 Displays for Small Displays: 

2.4.1 Region-Growing Approaches:  

The resulted retrieved shot from the previous step is assigned as input to the next 

stage. All the frames are converted into gray level first. The seed values and the 

threshold values are provided. Region-Growing approaches exploit in the 

foreground pixels, which are close together, have similar gray values otherwise it 

is a background pixels. This approach assumes an object-background image and 

picks a threshold that divides the image pixels into either object or background: 

i.e. X is a part of the object if f(x) > T, otherwise it is part of the background. This 

procedure group’s pixels or sub-regions into larger regions based on a redefined 

criterion of growth. Start with a single pixel and add new pixels slowly. The 

algorithm is given below: 

1. Choose the seed pixel. 

2. Check the neighboring pixels and add them to the region if they are similar 

to the pixel. 

3. Repeat step 2 for each of the newly added pixels; stop if no more pixels can 

be added. 

4. More than one seeds grouped together in order to separate the background 

from the foreground of an image. 

By selecting appropriate seed value and by setting a proper threshold, the region 

growing approach assumes an object-background image that divides the image 

pixels into either object or background. The background is segmented and the 

extracted foreground is shown in the figure 10. The frame is then smoothened 

using a Gaussian filter with a specified deviation σ to reduce noise. The local 

gradient g(x,y) = [ Gx2 + Gy2] 1/2  and the edge direction α (x,y)=tan-1(Gx/Gy) are 

computed at each point. The ridge pixels are then threshold using two 

thresholds, T1, T2 with T1<T2. Ridge pixels with values greater than T2 are said 

to be stronger edge pixels and those values between T1 and T2 are said to be 

weak. 

2.4.2 Foreground Rescaling and Background Repairing Algorithm: 

To display the retrieved video sequences in the smaller devices such that cell 

phone, iPod etc., the foreground must be scaled down and the background 

should be repaired to feel the originality of video. Bilinear Interpolation 
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determines the value of new pixels based on a weighted average of the pixels in 

the nearest 2*2 neighborhood in the original frame. This method is used to 

shrink the frame up to 50% of its originality. 

In background repairing algorithm, the missing stationary background that is 

occlude by a stationary or moving object. For this, we first assign confidence 

values to each pixel in every frame. This value is deemed, to belong to the 

moving foreground or to the damaged area, is set to zero. The rest of the pixels 

are initialized to a confidence value of one. The process of background repairing 

is completed in two steps: 

1. Temporal Filling-in: 

We search for the highest priority pixel location in the complete video sequence. 

Temporal information is copied from the temporally nearest undamaged location 

having the highest confidence.  

2. Spatial Filling-in: 

Once the temporal filling is over, we are left with a video sequence where all the 

frames have a hole at the same location. We again find the highest priority 

location to be filled-in and finding a best matching patch. This patch is copied to 

all the frames, so as to maintain consistent background throughout the sequence. 

2.4.3 Reintegration of Foreground and Background: 

The approach is to use a linear combination of the input images. The regions of 

high spatial variance across one image are computed by thresholding the 

intensity gradients, G=(GX, GY), for the horizontal and vertical directions using 

a simple forward difference. The regions of high temporal variance between two 

images are computed by comparing the intensity gradients of corresponding 

pixels from the two images. An importance image is computed a weighting 

function W by processing the gradient magnitude |G|. The weighted 

combination of input gradients gives us the gradient of the desired output.  

Reconstruct an image I from gradient field G and normalize pixel intensities in I 

is to closely match with the remaining intensities. 

3 .  EXPERIMENTAL RESULTS:  

This paper deals with how to display the retrieved relevant video shot on small 

devices such that cell phone, iPod etc. As discussed in section 2 all the steps are 

carried out. 
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Input Model: The motion trajectory is build for all video shots in the database.  

Motion trajectory axes which is constructed by the system and  also   shown   the  

Fig. 4: Building Motion Trajectory Framework 

approximate trajectory for the simplified motion trajectory.  Figure 4 shows the 

general block diagram of system framework. Figure 5 shows different Motion 

trajectory is constructed for different video shots. 

 

 

Fig. 4(a): Construction of Motion Trajectory 
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Fig. 5: Shows the approximate representative motion trajecto ry for different 

type of motion in order to store in the database. 
 

        
Fig. 5: Approximate Motion Trajectories for different Motion Type-  

(a) Jumping (b) Horizontal  
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e approximated moti  path are stored in the 

as input, system constructs the motion trajectory 

Thes on trajectories and its shot

database for retrieval process. 

The query video clip is given 

and Approximate it by using Douglas Pecker’s algorithm. Fig. 6 shows the 

sample Output. 

 

 
To evaluate the expressive power of the querying in the proposed system, 

measure the precision and recall of the system. Test cases are divided into four 

categories according to the motion within the shots. They are jumping, cyclic, 

horizontal and vertical motion. 
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Fig. 6 (a) GuI design for (b) Query video clip (c) List of similar video shots (d) 

Possible Retrieval Video shot by comparing Motion trajectory. 

Each category contained 10 to 20 shots. Construct a database of motion based 

video shots that contain 50 video shots. Each shot contains 5 to 200 frames. All 

the test cases had a frame sequence 320 * 240. Fig. 7 shows number of shots was 

considered for constructing the motion trajectory and its precision and recall 

evaluation.  

Fig. 7(c) shows the average of recall and precision are changed due to the 

changes of threshold value in trajectory comparison. If the threshold value is 02 

and 0.3 then the system will be able to retrieve the video shots which are much 

closer to the query shot. The system will be able to retrieve more similar 

trajectory video shots when the threshold value is 0.4 and 0.6. 

Fig.8 (a) shows the number of shots missed, the shots which satisfy the user 

query are not returned, which satisfy the user query. Relevant video shots that 

have been retrieved by the system compared with the number of shots missed by 

the system which is shown in Fig. 8 (b). It has found that the system is efficient 

for retrieving similar video shots when the threshold value is 0.4 to 0.6. 
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Motion 
Category 

No. Of 
Shots 

Thresho
ld 
Value 

  Horizontal Vertical         

Horizontal 20  Recall Preci
sion 

Recal
l 

Preci
sion 

Vertical 8 0.2 9/20 9/10 1/8 1/3 
Jumping 10 0.3 11/20 11/13 4/8 4/7 
Cyclic 
Movement 

12 0.4 13/20 13/16 5/8 5/10 

0.6 18/20 18/22 7/8 7/14 
Thresh
old 
Value 

Jumping 
Cyclic 
Movement 

 Recall 
Preci
sion 

Recall 
Prec
isio
n 

0.2 3/10 3/5 2/12 2/3 
0.3 5/10 5/7 3/12 3/6 
0.4 6/10 6/9 6/12 6/9 

       (a)  

 
 

0.6 7/10 7/13 9/12 9/13 

                                                                                          (b) 
Average 

Recall Precision 
Threshold 
Value 

Decimal % Decimal % 
0.2 14/50= 0.2800 28 15/21=0.7142 71 
0.3 23/50=0.4600 46 23/33=0.6971 70 
0.4 30/50=0.6000 60 30/44=0.6818 68 
0.6 41/50=0.8200 82 41/62=0.6612 66 

                             (c)  

Fig. 7: (a) Video Shots Under each Category (b) Recall & Precision Evaluation for 

each Category (c) Average precision and recall Evaluation. 

Fig 8 (c) shows the relationship between threshold value and performance of the 

system. This shows that the average precision is low when the threshold value is 

0.6 and average recall had a smooth increase of the recall measure as threshold 

value increases.  
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Out of which these output relevant shots, the first few (one or two) shots are 

more precise shot which is send to very small device such as mobile phone, PDA 

etc.  Fig. 9 shows the edge detection and the eliminated background is in 

different color in visible and the extracted foreground is displayed in Fig. 10. The 

resize of width and height are changed according to the user’s preference and the 

reintegration of the foreground with the background is shown in Figure11. The 

final output of adaptive video shot is obtained which is now suitable to display in 

the small display and is shown in Figure12. 
 

 

4 .  CONCLUSIONS AND FUTURE ENHANCEMENT 

This paper addresses an effective retrieval and display of content based video for 

small displays. Adaptive Multimedia Content Retrieval and Delivery for small 

displays is one of the challenges faced by Multimedia Community. The proposed 

system is developed to retrieve a video shot by motion trajectories. This system 

needs video shots as the inputs whose motion vectors are extracted by using 

exhaustive search algorithm. This motion feature is linked across the consecutive 

frames of shot to form the motion trajectories. Remove redundant trajectories 

and preserve one motion trajectory from all the similar motion trajectories. The 

representative object motion trajectory is stored in a database. Query interface 

which allows users to search for similar video shots by giving query video clip. 
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Similarity matching algorithm is used to retrieve similar video shot from the 

database. In order to display those retrieved segmented shots in a small display, 

shape information of moving objects were extracted using Region- Growing 

algorithm. The segmented foreground was scaled down and re-integrated with 

the repaired and directly resized background to deliver effective adaptive video 

for small displays. Although it is already highly useful in most existing 

application scenarios, more flexible and economic methods are developed 

further. The challenging criteria is that synchronization original audio and video 

to display in the small displays. 

In future, this could be enhanced by using multilevel and multimodal for various 

features of video. It would be allow searching a video shot for new query based 

on relevance feedback of user to get an efficient result. 
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