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 Metric and Identification of Spatial Objects Based on Data Fields 
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Abstract. Identification research on spatial object, such as action identification and validity identification, 
is a hot topic in recent years and much study has focused on it. In this paper, data field is proposed to 
describe spatial object as a metric and improve the accuracy of identification. Potential function, as a part of 
data field, is introduced to discover the power of each object. Two kinds of data fields are created to express 
the personality and common characteristic of each object respectively. Weighted Euclidean Distance (WED) 
classifier is utilized in final identification. An experiment on real-time person tracking is carried out, and 
accuracy analysis is also discussed. 
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1. Introduction 
The rapid pace of technological advances in computing power, display development, and interface design 
makes it possible to solve complex problems more automatically and intelligently in many fields(Han, 
Kambr, 2001; Li, Chen, 2004). However, faced with the large amounts of increasing spatial data, it’s 
difficult to apply traditional technology to analyzing and processing the spatial data (Li, Wang, Li, 2006). A 
crucial challenge in spatial data processing is the efficiency and accuracy due to the often huge amount of 
spatial data and the complexity of spatial data types and spatial accessing methods (Jennifer, Carla, 2004). 
We propose a new way to describe the metric of objects and the accuracy of identification.  

In the process, we distinguish three different perspectives: firstly, first feature data fields are created to 
express the personality, and then main feature data fields are created to express the personality in common; 
secondly, an experiment on analyzing real-time person tracking will be presented; thirdly, accuracy analysis 
of identification is discussed. 

The remainder of this paper is organized as follows. The next section is an introduction to the concepts 
that are formally defined and used in the technical treatment later on. It gives a synoptic overview of the 
main problem understandable for the non-specialist. Section 3 gives a model of metric and identification on 
data field. An experiment on real-time person tracking is studied in Section 4, where the experimental results 
are also given. A short conclusion is presented in Section 5. 

2. Data field 
To understand first feature data field and main feature data field, it is important to understand the approach to 
potential and potential function. This section briefly describes some of the central ideas on data field we will 
use in the following sections. 

The main idea of Data field originated from physical fields, which is used to describe how the data 
essentials are diffused from the discourse of sample to the discourse of universe. It is given to express the 
power of an item in the discourse of universe by means of potential function as the physical field does. The 
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description of potential function based on the assumption that all observed data in the number universe will 
radiate their data energies and be influenced by others. Taking into account that the obtained spatial data are 
comparatively incompleteness, it is necessary for the observed data to radiate their data energies from the 
sample space to their parent space (Li, Wang, Li, 2006). 

Data field is often classified into two different categories by their behaviour under the symmetry 
transformations of space-time, i.e., scalar field and vector field. In this experiment we choose scalar field 
with its potential function to express properties (Zhang, Liang, 1997). For single data field created by sample 
A, the potential of a point x1 in the number universe can be computed by: 

                                                                  (1) 
where‖x-x1‖is the distance between A and x1, m (m≥0) denotes the power of A and σ indicates influential 
factors. Usually, ‖x-x1‖ is Euclidean norm. The influential factors σ, e.g. radiation brightness, radiation 
gene, data amount, space between the neighbour isopotential, grid density of Descartes coordinate, and so on, 
all make their contributions to the data field. In Fig. 1, (a) shows a one-point data field. 

 
Fig. 1: The sketch map of data field: (a) One-point data field; (b): Multi-point data field 

In most cases, there is more than one sampling point in the number universe. Under these circumstances, 
in order to obtain the power of one point all of energies from every sample should be concerned. Because of 
overlap, the potential of each point in the number universe is the sum of all data potentials. Referring to 
potential function (1), the potential can be calculated by: 

                                                                (2) 
where the sum is over all the sample points. Multi-point data field is shown as Fig. 1:  (b). 

3. A model of metric and identification on data field 
In building a model of metric and identification on data field, we must consider several important 
fundamental issues (Kohn-Rich, Flashner, 2003). First, it is necessary to do data preprocessing, including 
data clean and data normalization. The former deals with record matching, deduplication, and column 
segmentation which often go beyond traditional relational operators, while the latter concerns normalizing 
data into M*N grids by proportion, which contain M rows and N columns. Second, first feature data fields 
are to describe the object attributes as the metrics. This kind of data fields can just express the personality 
respectively, and a data field stands for one kind of attribute. Third, by extracting the extremum and 
important equipotential line in first data fields, the main feature data field can be created and they express the 
personality in common. At last, we identify the object by WED classifier. 
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In this section, we present a model of metric and identification on data field by focusing on these four 
issues. The model seamlessly integrates results from data preprocessing, first feature data field, main feature 
data field and identification.  

 

Fig. 2: The model of metric and identification on data field 

3.1. Data preprocessing 
The amount of spatial data can be obtained from satellite, medical imagery and other sources. According to 
different area, the attributes of spatial object should be selected corresponding to experience. The whole area 
in capture has to divide into M*N grids by proportion, which contain M rows and N columns. After that, the 
spatial data of the object should be cleaned and normalized in order to keep validity and accuracy. Above all, 
choose the appropriate attributes according to your practical experiment and some other related data will be 
normalized. Then the normalized data sets will be generated within a period of time in real-time system. The 
original attributes obtained from a real-time system might not be suitable directly for our mining approach. 
Hence, a key issue is how to generate the attributes to meet our needs from the original data(Qi, Brdys, 2005). 

The data sets of the attributes that you have selected for your practical experiment will be defined as 
follows: 

                                           Ds = {(Xj, Yj, Sj)}, j=1, 2, …, m                                                       (3) 
Ds describes one kind of the attributes' data sets. Sj is the value of the instantaneous' attribute at the 

position (xj, yj). 
For the sake of convenience, Ds should be normalized as follows: 

                                                                                                                          (4) 

                                                                                                                            (5) 

3.2. First feature data field 
First feature data fields are to describe the attributes as the metrics. This kind of data fields can just express 
the personality respectively, because there are not two observed objects to make the same behave. The aim of 
first feature data field is to find the individual features of each object. For each attribute we obtain a data 
fields. 

First of all, groups of normalized data of some experimental instance are extracted. Ds = {(Xj, Yj, Sj)}, a 
group of the value of the instance’s' attribute (Sj) is used to create feature data field. Referring to equation (2), 
Sj is the value of m and x‖ -x1 is the distance between x and the point (x‖ j, yj). Considering the potential 
function here, we set σ for a proper value so as to produce a better feature.  
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3.3. Main feature data field 
Main feature data field is to obtain the feature in common and it can express the similarity of one group 
objects. Based on the first feature data field, we pick up N local maximum potential values and their 
positions as the main features by: 

                                                                                                                           (6) 

                                                                                                                          (7) 

All essential features as the criterion of identification will be stored in feature database (Aronis, 1997). 

3.4. Identification 
WED classifier is used for judging a new coming object whether it is the target or not (Qianwn, 2002). By 
now, essential features on data field have been stored in feature database. The details for identifying a target 
are as bellow: 

Firstly, make sure that the attributes have been preprocessed and then do first feature data field by step 2. 
First feature data field for each attribute that takes into account are obtained here. 

Secondly, extract the extremum and important equipotential line in first data fields and consider them as 
main features. After that, create a new kind of data fields by those main features. All data fields can be 
acquired and these metrics are the feature fields of the experimental instance. All the main features are stored 
in feature database as a sample. 

Thirdly, combine with the sample features created before and pairs of potentials can be gained.  
Lastly, use WED classifier to fulfil the identification task. The formulation of WED is written as follows: 

                                                                       (8) 

                                               (9) 
where i denotes the number of each group, ki is the weight of group i, (xi, n - xj, n) means the difference in 
potential. The ki can be given appropriate weight according to the actual situation. After setting threshold by 
WED, identification can be done. The object is valid when the threshold is less than that, or others are 
deemed to suspicious object. 

4. Experimental evaluation 
In this section, we describe a case study based on the model above, the processing and accuracy analysis of 
real-time person tracking, to illustrate the feasibility and effectiveness of action mining. 

4.1. Data collection and preprocessing 
The tracking data of each walking person are obtained by using a surveillance camera with a video, and 
preprocessed by using person-tracking system developed at Wuhan University. The system is based on Open 
Source Computer Vision Library (OpenCV), which is a library of programming functions mainly aimed at 
real time computer vision.  

At the beginning, the whole area in capture has to divide into M*N grids by proportion, which contain M 
rows and N columns. As the area we obtained is a square, the 50*50 grids (Fig.3) will be presented in this 
experiment. Considering all the circumstances, we conclude that there are four possibilities for people 
entering the ticket gate: from east, from west, from south or from north. So, standardized rectangular 
coordinates can be set through rotating background grids, i.e., take the canvas 90 degrees clockwise rotation 
as one person enters the area from east. 

In this experiment, the following three attributes are generated: 
• The direction changing frequency: the number of changes in direction in the linearized walking data 

of each person.  
• The velocity: walking speed of each person.  
• The appearance frequency: the number of each person appearing in monitoring area.  



 372 

The data sets of these three attributes will be defined as follows:  
DV  = {(xj, yj, Vj)}, j=1, 2, …, m 

DV describes the data sets of instantaneous velocity gained at regular intervals. Vj is the instantaneous 
velocity at the position (xj, yj).  

DDCF = {(xi, yi, Ci)}, i=1, 2, …, n 
DDCF denotes the data sets of the direction changing frequency. Ci is the total of changing, which is 

obtained within a spell of time T1. How long the best length is will depend on the fact, to adjust longer for 
the festivals and shorter for normal days. 15 minutes are set here. 

DAF  = {(xk, yk, Ak)}, k=1, 2, …, p. 
DAF indicates the data sets of Appearance frequency. Ak is the number of appearing at the point (xk, yk) 

got among a period of time, usually at least twice more than T1. One half hour is considered here. 
For the sake of convenience and two people not to make the same path, DDCF, DV and DAF should be 
normalized referring to equation (4) and (5). 

 
 Fig. 3: The grids of observed area in the station ticket gate. 

By now, the dataset of three attributes have been got, and the next we will produce some sample to be 
stored in feature database as criteria of identification. 

4.2. Sample training 
Sample training, as a standard for further identification, will be done in this step. We have chosen ten 
suspects as the training sets. With a set of attribute creating one data field, three attributes of each person will 
produce six essential features. 

4.2.1 First feature data field 
Because of the similar process, we illustrate the velocity attribute as examples here.  

Table 1. The normalized data of Velocity extracted from observed person 

NO X Y Velocity
1 45 4 200 
2 41 9 189 
3 40 15 211 
4 38 19 216 
5 37 27 198 
6 38 33 186 
7 36 38 201 

… … … … 
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DV  = {(xj, yj, Vj)}, a group of Velocities is used to create first feature data field. Referring to equation (2), 
Vj is the value of mi and ‖x-x1‖is the distance between x and the point (xj, yj). Considering the potential 
function here, we setσ=2 so as to produce a better feature. Table 1 shows a part of normalized data of 
velocity. X and Y denote the position(x, y) in the grids. Velocity indicates the normalized value m in 
equation (2). 

After calculating, data fields as a metric for personality are obtained corresponding to each attribute. In 
Fig. 4, (a), (b) and (c) show the first feature data field of three suspects (S1, S2, S3) on velocity respectively.  

 
Fig. 4. First feature data fields: (a) First feature data field of S1; (b) First feature data field of S2;                                        

(c) First feature data field of S3; (d) First feature data field of a valid person 

Other data fields can be gained in the same way. 

4.2.2 Main feature data field 
By the first feature data fields created above, we compute main feature for each attribute of each person. 
Based on equation (6) and (7), the main features of each attribute are obtained. Table 2 shows the results 
calculated by first feature data fields. Together with important equipotential line in first data fields, a main 
feature data field is computed by equation (2). Fig. 5 shows the main feature data field of ten suspects on 
velocity, which express the feature of ten suspects in common.  

Table 2. The main features obtained from first feature data fields 

NO X Y Potential 
S1 32 11 337.879 
S1 31 9 343.462 
S1 22 8 347.468 
S2 32 11 345.61 
S2 31 9 275.843 
S2 22 8 299.321 
S3 32 11 377.527 
S3 31 9 346.924 

S3 
22 8 

122.838 
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Fig. 5: Main feature data field of three suspects. 

So far, all essential features are created completely and stored in feature database. The next we will do is 
to identify whether a person is a suspect or not. 

4.3. Identification and accuracy analysis 
WED classifier described in 3.4 is used to person identification. 

4.3.1 Identification 
We use 100 samples in this experiment, including 15 suspicious people and 85 valid people and it is 
implemented by a tool developed in C++. The threshold is adjusted in different value by different time in a 
day. The results show that the precision can achieve 87% when threshold is set close to WED. On the other 
hand, the precision is 81% if threshold is set far away from the value of WED.  

4.3.2 Accuracy analysis 
Considering the results given above, we will analyze the accuracy in two aspects: the number of the grids 
and the weight of features.  

The number of grids in observed area is an important factor in this experiment, since different results 
will be produced with different grids. As the monitoring area is fixed, increasing the number of grids means 
improving the accuracy in each grid. However, the correlation between the accuracy and the number of grids 
is not a significant linear. The number here is increased to one hundred, so the observed grids are changed to 
100*100. By increasing the number, the precision can be improved from 87 percent to 91 percent. The result 
is given in Table 3. 

Table 3. The results of identification with different grids and weights 

 1 2 3 4 

Grids 50*50 50*50 100*100 100*100 
Weights 1:1:1:1:1:1 3:3:3:3:4:4 1:1:1:1:1:1 3:3:3:3:4:4 

AVP 75 77 78 80 
SSP 12 12 13 13 

Precision 87% 89% 91% 93% 

 
In this model, another essential point is the weight evaluate to each main feature. The weight is used to 

measure the degree of contribution to describe the object. In the experiment above, when it comes to creating 
the first feature data field, we choose different weight for the data set of each attribute according to the 

NO
Item
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sampling time. Next, in the process of computing the WED value, to grant a weight for each attribute is 
based on its contribution to the WED. The above experiment we use 1:1:1:1:1:1, taking the actual situation 
into account, we set the weight as 3:3:3:3:4:4. We carry out three different tests, the result of it as shown in 
Table 3. AVP is short for the amount of valid people by identification, while SSP indicates the sum of 
suspicious people. 

From table 3, it’s clearly known that the accuracy of identification can be improved by setting a proper 
number of the grids or adjust the weight to an appropriate value. Especially, the accuracy can be improved 
obviously by setting a proper grids and weights. 

5. Conclusion 
We presented a model of metric and identification on data field, which can be used for expressing the 
attributes of spatial object as a metric and improving the accuracy of identification. There are four key parts 
in the model: data preprocessing, first feature data fields creating, main feature data fields creating and object 
identification. Specially, the feature of spatial objects can be well measured through these two kinds of data 
fields. And after creating such data fields, we can identify the object easily using WED classifier. 

To demonstrate this model, we implemented an experiment on real-time person tracking at the ticket gate. 
Three major attributes, direction changing frequency, velocity and appearance frequency, are extracted to 
stand for the observed person. After sample produced, we can judge whether a new person is a suspect or not 
through classifier. Nevertheless, accuracy analysis has been given. It showed that the accuracy can be 
improved by increase the number of grids or adjust the weight properly. The result also indicated that this 
method can be feasible and effective. This model is easy to be promoted to other applications. 

Furthermore, by adding more valuable features, the accuracy may be improved. The cloud model as the 
further study is suggested to introduce into this framework. The proposed method may analyze the spatial 
data automatically, find out the object intelligently and make the result more accuracy. 
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