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The motion track is an important feature to show the spatio-temporal relationship of 

a video object [2, 5, 7, 8]. In this paper, we propose a novel motion track representation 
to represent the motion track in the X-Y plane and the trend of velocity changes. More-
over, a new similarity measure for comparing two motion tracks based on the represen-
tation is proposed. Furthermore, the motion track segmentation method is proposed to 
handle a complicated motion behavior and the relevance feedback is used to improve the 
query results. 
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1. MOTION TRACK REPRESENTATION 
 

The motion track of a moving object can be represented by the motion trajectory 
and the velocities and both of them are modeled in polynomial. 

1.1 Representation of Trajectories and Velocities 

We use the first-, second-, or third-order polynomial of Y with variable X to repre-
sent the motion trajectory on the X-Y plane. In the MPEG-7 motion descriptor [3, 6], 
only the first- and second-order polynomials are considered. We also use the third-order 
polynomial because of its low computation time and high flexibility compared with the 
first-and second-order polynomials for modeling arbitrary curves of motion tracks. For 
more higher-order polynomials, the complexity will be larger, and the trajectories which 
need higher-order polynomial regression to model can be split into pieces of 3rd or less 
polynomials. Therefore in this paper, we use 1st/2nd/3rd polynomials as the trajectory rep-
resentation. 
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We also record the velocities along the X-axis and Y-axis of a moving object, de-
noted Vx and Vy. Vx and Vy are the derivatives of the regressive curves of the x values and 
y values along time, respectively. 

2. QUERY PROCESSING 

The retrieval method in this paper includes: (i) segmentation of the motion tracks; 
(ii) similarity measure based on the proposed representation of motion tracks; and (iii) 
weight adjustment by relevant feedback. 

2.1 Segmentation 

For a motion track with a turning behavior, using one single regressive curve may 
not be able to capture the turning characteristics. However, it is an important feature of 
the motion tracks which users may be interested in. We define a turning point along the 
X-axis as follows. For a sequence of points along the X-axis xi, i = 1, 2,…, m, xturn is a 
turning point when  

 
(i) x1, x2, …, xturn-1 < xturn and xturn+1, xturn+2,…, xm < xturn, or  
(ii) x1, x2, …, xturn-1 > xturn and xturn+1, xturn+2,…, xm > xturn. 

 
The motion track with the turning behavior along the X-axis will be segmented on 

the turning points. Each segment can then be modeled by a regressive curve. Based on 
this method we can preserve the turning behaviors and precisely represent the motion 
track. 

 

 

 

Fig. 1. (a) A motion track with turning behavior, (b) the corresponding regressive curve (the dotted 
line), and (c) the motion track segmented into five segments on four turning points. 
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Fig. 2. The degenerate third-order polynomial with the tangent line passing through the inflection 
point. 

2.2 Similarity Features of Motion Trajectories 

After constructing the motion trajectory and the velocity polynomials, the coeffi-
cients and some other meaningful features based on the polynomials will be used to de-
rive the similarity measure. 

The motion track is modeled by a first-, second-, or third- order polynomial. For a 
third-order polynomial y = ax3 + bx2 + cx + d, if it has two peaks (a local maximum and a 
local minimum), the polynomial of derivative of y should satisfy the inequality as:  

 
b2 ≥ 3ac.                                                          (1) 
 
This inequality is then used to check whether this third-order polynomial is degen-

erate. In the following, we define the SF for each type of the polynomial and explain how 
these SFs are derived and the advantages of using these values. 

 
(i) Non-degenerate third-order polynomial 

2 1

2 1
,

y y
SF

x x
−

=
−

 where (x1, y1) and (x2, y2) are the two peaks of the polynomial. 

(ii) Degenerate third-order polynomial 
 

SF = w1 × Sslope + w2 × Sarea, where Sslope is the slope of the tangent line on the inflec-
tion point, and Sarea is the area between the tangent line on the inflection point R(Rx, Ry) 
and the cubic curve in the range of Rx± ε, the value of ε is the range that to measure Sarea; 
also, w1 and w2 are weights used for a better combination of the two values.  

By observation, the inflection point (the point on which the second derivative is 0) 
and the smoothness of the curve are important features of the degenerate third-order 
polynomial. The two weights depend on the user’s viewpoint for the similarity. If the 
range of the motion tracks is important, the w2 can be larger; if the user takes care about 
the shape of the motion track, the w1 is more important than w2. For the variable ε, there 
exists a tradeoff between the precision and efficiency. The ε value should be condered 
together with the w1 and w2. Fig. 2 illustrates an example to show the slope of the tangent 
line Sslope and the area Sarea. For the variable ε, there exists a tradeoff between the preci-
sion and efficiency. Fig. 2 illustrates an example to show the slope of the tangent line 
Sslope and the area Sarea. 
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(iii) Second-order polynomial 
SF = the area between the tangent line of the minimum/maximum point R(Rx, Ry) 
and the curve in the range of Rx ± ε. 

(iv) First-order line 
SF = the slope of the line. For a line, it is simple to use the slope as the SF. 

2.3 Velocity Similarity 

We consider the velocity similarity in two aspects, i.e., the changes of the velocity 
and the average velocity. In this paper, we consider the velocity Vx and Vy as second- 
order polynomials. We define the similarity between the velocity trends, called VelSim, 
from 0 to 1 to show the similarity of trends. 

Table 1. Six possible velocity trends. 

Decreasing Increasing Both 

1  2  3  

4  5  6  

Table 2. The definition of VelSim.  

Type 1 2 3 4 5 6 
1 1 0 0.5 0.8 0 0.4
2 0 1 0.5 0 0.8 0.4
3 0.5 0.5 1 0.4 0.4 0 
4 0.8 0 0.4 1 0 0.5
5 0 0.8 0.4 0 1 0.5
6 0.4 0.4 0 0.5 0.5 1 

 
2.4 Similarity of Motion Tracks 

 
We combine the above values for the similarity between a query segment QSEG and 

a motion track segment CSEG in the database. For convenience, we use distance as the 
similarity measure where a larger distance implies a lower degree of similarity. 

 
Dis(QSEG, CSEG) = w1 × | SFQ − SFC | + w2 × [(1 − VelSimx) + (1 − VelSimy)]  

+ w3 × | |Q CV -V                                    (2) 
 
where SFQ and SFC are the similarity features of QSEG and CSEG; VelSimx and VelSimy 
represent the similarity between the Vx and Vy of the QSEG and CSEG respectively, and QV   
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and CV  are the average velocity of QSEG and CSEG; and w1, w2 and w3 are the weights for 
the three components. If QSEG and CSEG belong to different types, s, that is, SFQ and SFC 
are different types of regression curves, then the Dis(QSEG,CSEG) is set to ∞. 

2.5 Indexing 

In order to facilitate efficient query processing, the segments in the database are 
simply indexed. Each motion track is segmented by the method described in section 2.1. 
The following steps show how to index the segments. The index structure is shown in 
Fig. 3. 

Polynomials (a,b,c,d)

a>0 a <0

acb 32 ≥ acb 32 <
acb 32 ≥

acb 32 <

a=0

b>0 b<0
b=0

In each category, cluster the 
segments according to their SFs by a 
clustering algorithm  

Fig. 3. The index structure. 

Table 3. The relationship between the sign of a(3rd-order) or b(2nd-order) and the shape 
of the curve.  

 3rd-order 
non-degenerate 

3rd-order  
degenerate   2nd-order 

a > 0 
 

 

 

 
 b > 0  

 

a < 0 
 

  
 b < 0

 

 

Assume the motion segment is represented as y = ax3 + bx2 + cx + d. 
 

Step 1: All segments are divided into three categories: a > 0, a < 0, and a = 0. Of a ≠ 0 
then whether it is a third-order polynomial, and whether a is larger than zero is 
used to separate the polynomials into different types. Table 3 shows different 
types with their corresponding curves. 

Step 2: In the a > 0 or a < 0 category, the segments are divided based on the inequality 
(1), that is, the segments are divided into degenerate and non-degenerate types. 

Step 3: In each type, use a clustering algorithm to cluster the segments by the values of 
the SF. 
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The leaf node records the segments of motion tracks in the database. In each leaf 
node we record: (Vid, MTid, start_time, end_time, offset, TrajSimilarityfeature, VelSimi-
larityfeature) where Vid is the video identifier; MTid is the motion track identifier; 
start_time and end_time are the time stamps of this video clip containing the motion 
track MTid; offset is the serial identifier of the segment that the shows the order in the 
motion track MTid; TrajSimilarityfeature consists of (a, SF); and VelSimilarityfeature 
consists of (vel_x_type, vel_y_type, average velocity) to record the average velocity and 
the types of Vx and Vy. 

Notice that it is not necessary to record the intervals of the curves as done in the 
time series data analysis, since the polynomials are constructed based on the property of 
the polynomials with different orders. 

The disadvantage of this two-level KNN method is that the value of k should be lar-
ger, or we cannot find enough answers. However, since the size of the database is usually 
large, we can prune a lot of candidates in the first-level KNN. Furthermore, some ap-
proximations like skipping or inserting one segment can be applied on this method. 

 
2.6 Weight Adjustment by Relevance Feedback 

 
Since whether the motion tracks are similar or not is very subjective, we design a 

relevance feedback mechanism for users to adjust their answers. 
We adopt the main idea of the standard deviation method in our approach. First, the 

positive and negative results are chosen by users and then the variances of the three fea-
tures of positive and negative examples are analyzed respectively. For the positive results, 
the bigger the variance of some feature is, the smaller the feature weight should be. For 
the negative results, the smaller the variance of some feature is, the smaller the feature 
weight should be. 

In this paper we focus on the w2 and w3 adjustment to help users to find results with 
similar velocity trends or speeds. The way to adjust the weights w2 and w3 for positive 
results in our video retrieval approach is illustrated as follows: 
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For all positive results, the variances of the Vx and Vy distances are calculated as 
Pos_varVx and Pos_varVy, and the Vx and Vy distances are the VelSim distances between 
the query and the Vx and Vy, respectively. Since the range of the distance is from 0 to 1 
and the variance is always less than 1, we re-range it to a constant R to prevent w2 from 
always growing larger. If the Pos_varVx or Pos_varVy is equal to 0, it means it is a very 
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important feature for the user. To prevent from divide-by-0 and enhance the effect of this 
feature, we multiply w2 by a constant C. 

In formula (4), the w3 is re-weighted by dividing w3 by the variance of the average 
velocity of the positive results. 

3. EXPERIMENT RESULTS 

We build a video retrieval system based on the motion track and analyze the per-
formance.  

Table 4 shows the effectiveness comparison of Lee’s work [4] and ours. The preci-
sions and the ranks of the most similar results are compared. The precision is measured 
by the number of relevant results out of the number of the retrieved results, and the most 
similar result is chosen by users. In our approach, the precision is about 85%. 

Table 4. The precisions of our approach vs. Lee’s work. The total number of motion 
tracks = 150. 

Precision of our approach Most similar rank Precision of Lee’s work Most similar rank 
0.844 1.067 0.505 1.733 

User Query interface

Feature 
Extraction

Query 
Processing

Motion 
Track DB

Indexing

Feature 
Extraction

Motion Trajectory
Vx
Vy

Average velocity

Relevance 
feedback

KNN 
results

 
Fig. 4. The overview of our approach. 

4. CONCLUSION 

We propose a new descriptor to represent the motion track in the X-Y plane and the 
trend of velocities. The similarity measure based on the properties of the polynomial is 
defined for comparing two motion tracks. Moreover, segmentation method is also pro-
posed and relevance feedback is used to improve the query results. By the experiment 
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results we show that our approach is more effective than existing ones using polynomial 
representations. 
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