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Abstract. Applying the computer science in environment and ecology man-

agement becomes an important trend in recent years. Modeling an environmen-

tal and ecological system, normally, needs three main components: (1) a dy-

namic system model for the environment and ecology reality, (2) a Surveillance 

Network Model (SNM), and (3) an evaluation module helping to validate the 

accuracy of the whole system. This paper aims at introducing an abstract model 

of SNM based on Unit Disk Graph (UDG) technique, the second component of 

the system. Furthermore, we also introduce the Brown plant hopper Surveil-

lance Network Model (BSNM), a concrete case of SNM which works as an 

agent-based model. The BSNM helps to model the light-trap network (one kind 

of spatial sampling devices); this model is used to measure and to evaluate the 

invasion of Brown Plant Hoppers (BPHs), one kind of dangerous insects attack-

ing rice in a large area. The simulation is applied in three provinces of Mekong 

delta region, Vietnam. 

Keywords: Surveillance network, sensor network, estimation, system dynam-

ics, Agent-Based Model (ABM), sampling, Brown Plant Hopper (BPH), Unit 

Disk Graph (UDG), spatial data mining, graph mining 

1 Introduction 

Finding dynamic laws of an ecological and environmental system is one of the in-

teresting problems involved by multiple applied domains. Before, this work is only 

concerned by ecologists or biologists; the commonly used solutions can be mathemat-
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ical models, statistical models or the GIS-based spatial analysis methods (GIS - Geo-

graphical Information System). However, with the need to understand more deeply 

about multiple complex relations between multiple objects and multiple interactions, 

the traditional methods become exhausted in some situations. In recent years, the 

complex system approach, with the supports of modeling and simulation techniques, 

allows the scientists to get more conveniences from computer sciences; some high 

level algorithms can be applied to retrieve the hidden emergence, like spatial or graph 

data mining. 

In this paper, we will present in details a modeling process for a Surveillance Net-

work Model (SNM) - a model, which can measure and evaluate the situation of envi-

ronment. The model must appropriate with any existing specific surveillance system, 

and tries to get more information from this. We try to build an abstract model for all 

types of surveillance network; the measurement devices can be the sensors or simply 

the sampling points. The observed objects of these surveillance networks are the eco-

logical and environmental systems. Some kinds of SNM can be the meteorological or 

hydrological stations, the sampling network used in the forest or insect invasion sur-

veys. Finding the hidden spatial and temporal relations between the spatial measuring 

devices is the main objective of each SNM. 

There are three important hypotheses needed to be improved in a surveillance net-

work: 

 Hypothesis 1: The collected data on the same device in a short period is corre-

lated. 

 Hypothesis 2: The collected data on different close devices (by geographical 

distance), in the same period, is also correlated. 

 Hypothesis 3: A set of devices can give more information than one single de-

vice inside this set. 

We conduct to verify the first hypothesis on the data of brown plant hoppers (BPH) 

at 26 light-traps in Dong Thap province, and the result is very encouraging. By com-

paring the collected data between two consecutive days, all popular correlation ranks 

[8] (like Kendall, Spearman or Pearson) always return a high rank of correlation aver-

age (greater 65%); and even the Spearman rank returns a correlation average greater 

80% (See Fig. 7 in Section 5 for more details). However, it‟s not easy to verify the 

two last hypotheses if without a mechanism to determine the neighboring relation-

ships in space. And the problem is how to build a mechanism helping to verify effec-

tively all offered hypotheses (also for further hypotheses). 

To solve the problem, we will try to model the SNM as a spatio-temporal simula-

tion model, and we notice that the Unit Disk Graph is a good suggestion for determin-

ing the neighboring relationships between spatial measuring devices. UDG is a kind 

of the intersection graphs [1][2][3] allowing to build the connection from one node to 

its neighbors in a fixed radius (in the standardized case, this radius is equal to one 

specific unit). UDG can be directional or unidirectional, depending on the specific 

problem and the dynamic laws of the observed objects. 

In general, in this paper, we visually present an abstract model and the implemen-

tation process for a particular Surveillance Network Model. This model has their cen-
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tral elements being the spatial measuring devices and uses UDG as a solution for 

setting up the internal connections. SNM allows to measure and to evaluate the status 

of the observed objects in a specific spatial region. Based on this abstract model, a 

Brown Plant Hoppers Surveillance Network Model (BSNM) is also implemented and 

used to measure and evaluate the BPH invasion in rice; the simulation is applied in 

three provinces (Soc Trang, Hau Giang and Bac Lieu) - the typical provinces in the 

Mekong Delta region of Vietnam. 

 

The next sections are arranged as the following. Some important related works are 

introduced in Section 2. Section 3 introduces the abstract description of SNM for an 

ecological and environmental system dynamics. Section 4 explains some abstract 

classes inside the abstract model of SNM: Node, Edge, Graph and Competency. The 

implementation of the BSMN is introduced in Section 5; this model is an Agent-

Based Model (ABM) and works on GAMA platform [7][19][20]. And we summarize 

the contribution and suggest some research directions in Section 6. Some acknowl-

edges for the investors are honorably written in the last section. 

2 Related works  

Spatial sampling technique is always the first investment of any environmental or 

ecological surveillance system, such as agricultural monitoring [9], or forest man-

agement [10][11]. The simplest technique, but often used, is representative because of 

its simplicity in aggregating the sampling results. 

Finding the emergence from the sampling data is always a difficult problem. There 

are many approaches, where the modeling and the simulation are one of important 

trends in recent years. Some general modeling and simulation techniques are intro-

duced in [16]; also some models help to simulate the propagation process of BPHs in 

the Mekong Delta region, see [6][17][21] in GAMA platform [7][19][20]. These 

models perform a successful integration between the ABM model and the geographi-

cal information systems (GIS). Some examples in [16][18] present some robotic mod-

els. The modeling techniques focus on the main properties and the essential behaviors 

of the research objects and always try to simplify the complexity of the real system. 

The simulation of system dynamics is also an interesting investment. Some of them 

can be found in [12][13][14][15]. These studies try to find out the dynamics laws of 

the ecological and environmental system and to simulate all of them; some prediction 

models can be built by this way. 

 

Unit disk graph 

The UDG technique is firstly introduced in 1990 by Clark [1], and is used widely 

in ad-hoc communication. In the wireless sensor network, UDG is used to solve the 

problem of optimizing the localization, some research for this trend can be found in 

[2] and [3]. Besides, UDG is known as a solution for some NP-Hard problems in ma-

thematics such as vertex coloring, maximum independent set or maximum clique 

[1][2]. 
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However, there are not many investments of UDG in managing an ecological and 

environmental system. An interesting research allows to use the UDG as a bridge 

between an Individual-Based Model (IBM) and an Equation-based model (EBM), 

proposed by MSI/IRD research group [4]. We also introduced some UDG-based re-

search for estimating the BPH density and modeling the surveillance network in [5] 

and [6]. Based on these first successes, we have to generalize all process of modeling 

and implementing an ecological and environmental surveillance network based on 

UDG. In the proposed model, UDG is used as a useful tool helping to determine the 

connection topology of the surveillance network. 

3 Abstract description of Surveillance Network Model for an 

ecological and environmental system dynamics 

In an ecological environment management system, there are two main participants 

as the following: 

─ Observed objects: The objects observed by the managers. These objects can be 

the plants in forest ecology, the fishes in marine ecosystem ecology or the in-

sects in ecological agricultural systems. 

─ Surveillance Network Model: A closed model allows to monitor and to eva-

luate the situation of observed objects on particular spatial and temporal scales. 

This model works as a consistent system where each internal component has a 

specific relation with the others. These relations can be one of the following: 

○ Spatial relation: Monitoring the observed objects based on the adjacent re-

lation of the spatial measuring nodes.  

○ Timing relation (time series process): Monitoring the dynamics of the ob-

served objects via the time series data at multiple measuring nodes. 

○ Aggregation/combination relation: These relations consider the capacity of 

retrieving the emergence based on a set of elements inside the network. 

They can contain all relations related with the statistical or data mining 

techniques. 

 

Fig. 1. Abstract view of the Surveillance Network Model. 
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So, the question is how to model a surveillance network which satisfies all above 

relations. The UDG-based approach can answer thoroughly all needs related. In the 

UDG, the graph node and edge contain a particular weight (the data type of the 

weight can be a complex structure), which describes the spatio-temporal relations of 

the observed objects. Also in the graph structure, we consider the relation between the 

different measuring devices as the view of clustering (a technique in data mining [24] 

[25]), to observe the relation based on some aggregation or combination techniques. 

The final goal of SNM is providing more useful information about the observed ob-

jects for the managers; this model will operate as a decision-support system. 

 

4 Modeling the Surveillance Network based on Unit Disk 

Graph 

In this section, we introduce in details the implementing process for a UDG-based 

surveillance network. We try to build a model as abstractive as possible (while the 

next section will introduce a concrete case for the rice-hoppers surveillance network). 

With a particular system, we can apply this abstract model to build a concrete model 

depending on specific conditions. 

 

   

System of hydrological sampling points 

in Mekong data, Vietnam 

System of light-traps in three provinces 

(Hau Giang, Soc Trang and Bac Lieu), 

Mekong delta, Vietnam 

Fig 2. Environmental sampling systems. 

Fig. 2 introduces two examples for the environmental sampling systems. These 

systems have a lot of sampling points to measure the specific objects. For the hydro-

logical system the observed objects can be the water levels and flows; while the light-

traps system concentrates on the density of multiple types of rice-hoppers. 
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4.1 Unit Disk Graph 

4.1.1 Definition 

In graph theory, a Unit Disk Graph G = <V, E> is a graph building from a set of 

vertices V = {v1, v2, …, vn} and a set of edges E = {e1, e2, …, em}; where if any pairs 

of vertices {vi, vj} satisfy the condition of d(vi, vj) ≤ r, the pair {vi, vj} will be added 

into E. The function d(vi, vj) is called the distance function of G and r is called the 

connected radius. In this graph, each vertex vi is considered as the centered point and 

the zone determined by the connected radius r around vi forms a circle shape (or disk 

shape), then we call G the disk graph. When r is unit and is fixed for the whole graph, 

we have a unit disk graph. 

In extended case, the disk shape can be changed depending on a specific use-case, 

for example an ellipse shape. Figure 2 introduces two different cases of UDG with (a) 

a circle disk and (b) an ellipse disk. 

 

  
a) UDG with circle disk b) UDG with ellipse disk 

Fig. 3. Two different kinds of UDG. 

In case of ellipse distance, the centered point is replaced by the foci of the ellipse 

which compose two special points F1 and F2 on the ellipse's major axis and are equi-

distant from the centered point. The radius r is replaced by re with two values [ae, be] 

where ae and be are called the major and minor radius relatively. The connected condi-

tion for this case is determined as de(vi, vj) =  d(vi, F1j) + (vi, F2j) ≤  2ae. 

In Figure 2, the UDG in (a) has V = {v1, v2, v3, v4, v5} and E1 = {( v1, v2), (v2, v3), (v2, 

v4), (v4, v5)} while in (b), the graph has the same set of vertices but the set of edges E2 

has only two elements with E2 = {( v1, v2), (v2, v3)}. The second choice of ellipse disk 

is an extended suggestion and we can define more kinds of disk in case of necessary. 

 

4.1.2 Connection analysis 

In the simple case, the connected condition can be defined only by the spatial dis-

tance. But in the real context, perhaps there are some special cases: 

(1) Two vertices having the “Cause-Effect” relation: can be considered as “direc-

tional connection”.  

This relation depends on the dynamic laws of the observed objects. If the 

movement is directional, the surveillance graph is necessary to be a directional 

graph for some research conveniences. For example, in the hydrological sys-



The 15th International Conference on Principles and Practice of Multi-Agent Systems, p. 7, 2012. 

© Springer-Verlag Berlin Heidelberg 2012 

 

tem, the water flow direction can also be considered as the direction of the 

edges. An example for this case is illustrated in Fig. 4. 

(2) Two vertices having the topological disconnection can be considered as “not 

connected”.  

This relation appears when there is an obstacle between two nodes; in this 

case, although these two nodes are very close but the necessary relation for the 

research doesn‟t exist, then there is no edge connecting these two nodes. In 

observing the environment, in this case we can find out a break of spatial to-

pology in a local space around two nodes. For example, if two hydrological 

sampling points have a close distance but they lie on two independent chan-

nels (and two these channels have the intersection in a very far distance), these 

nodes will be disconnected. An example for this case is introduced in Fig. 4. 

 

 
 

a) Directional connection b) Disconnection by the obstacles 

Fig 4. Different cases for the connection inside UDG. 

Suppose that Obstacle(vi, vj) is the relation in which exists an topological obstacle 

between  two nodes vi, vj, we can determine the existence of edge (vi, vj) as the follow-

ing: 

                                               

Denote the scalar and direction relation between two nodes as         and                . 

The existence of a scalar edge         is determined by the existence of two opposite 

directional edges, we have: 

                                                   

4.1.3 Disk radius and the graph topology 

The topology of the disk graph is significantly changed as changing the disk radius. 

From being all disconnected this topology can be all connected (complete graph) as 

increasing the disk radius from zero (0) to unlimited value (+∞). 

Rmin and Rmax is called the smallest and largest Euclidean distance existing between 

any pair of nodes. We found that when r < Rmin, the graph does not exist any edge (E 

=  ); when r ≥ Rmax, the graph becomes a complete graph (i.e. exists edge 

            ). 

Consider a graph with 5 nodes V = {(1, 2), (2, 4), (2, 2), (3, 3), (4, 5), (5, 4), (7, 

2)}, we have a distance matrix as follows: 

  

Obstacle 
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Nodes (1, 2) (2, 4) (3, 2) (3, 3) (4, 5) (5, 4) (7, 2) 

(1, 2) 0    2            6 (Rmax) 

(2, 4)  0          3     

(3, 2)   0 1 (Rmin)         4 

(3, 3)    0           

(4, 5)     0    3   

(5, 4)      0     

(7, 2)       0 

Table 1. Distance matrix. 

Based on the distance matrix, we easily found the value of Rmax = 6 and Rmin = 1. 

Therefore, the graph topology is only changed when moving the disk radius in the 

range [1, 6]. The dendrogram for the above example is shown in Fig. 5b. 

 

 

 

a) Dendrogram of disk graph b) Disk graph with radius = 2.5 

Fig 5. Dendrogram and graph topology. 

Dendrogram in Fig. 5a can help to observe the graph topology, and also the num-

ber of sub-graph with a specific value of radius r. For example, in case r = 2.5, there 

are two sub-graphs; in which a graph G1 with V1 = {(1, 2), (2, 4), (2, 2), (3, 3), (4, 5), 

(5, 4)} and G2 with V2 = {(7, 2)}. 

4.2 Surveillance Network Model (SNM) 

In this part, we introduce the process of modeling the surveillance network based 

on the UDG technique. The SNM will be implemented as an object-oriented model; 

and the UDG technique becomes the tool to build the monitoring graph – the core 

element of the model. 

Here, we consider of four major classes of SNM: Node, Edge, Graph and Compe-

tency. First two components will constitute the Graph class, the representative class 

for the whole surveillance system. The Competency is a special class which contains 

the evaluation information of remaining classes. 

r = 2.5 
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4.2.1 Node class: 

The Node class is used to model a sampling device. The spatial surveillance prob-

lem is more interested in coordinates of the sampling devices; sampling location plays 

a crucial role in the process of estimating and evaluating the density of the observed 

objects. Some related attributes of device can also be considered: its dominated zone 

in practice, the measuring threshold (or measuring capacity), the working status (in 

some situations, sampling devices are disabled due to some objective factors, such as 

in the rain). 

General specification for the Node class is as follows: 

Properties 

 nodeID (string): Identifier of sampling device. 

 x_coordinate (float): X coordinate of sampling device. 

 y_coordinate: Y coordinate of sampling device. 

 nodeName: Node name. 

 currentDensity: Density of the last period. 

 historicalDensities[]: Densities of the recent periods (the duration depends on 

the specific needs). 

 capacity: The measuring threshold on which the sampling device can support. 

 workingStatus: Working: ON/Non-working: OFF. 

 competency: Type of Competency class, which contains the evaluation infor-

mation for the node.  

Actions 

 measures(): Measuring the current population density of the observed objects. 

 correlateByTimeMoving (): Calculate the correlation coefficient [8] by all pair 

of measured values between two last consecutive periods. 

 getAdjacentInfo(deep): Getting information from all neighbors of this node, 

the deep parameter is used to decide the scope of  adjacent relation from this 

node. 

Algorithm 1. Calculating the correlation coefficient by time moving (Implemented 

in Node.correlateByTimeMoving()). 

Input:  

 historicalDensities[]: Array contains the historical data of the node. 

 duration:Timing duration of the observation. 

 correlationType: PEARSON/SPEARMAN/KENDALL. 

Output: 

  correlationCoef: Correlation coefficient. 

Complexity:  θ(n log n). 

Implementation: 

   1. Begin  

    2.  i = 0; 

   3.  For t from 1 to duration 

   4.  Begin  

   5.   vectorX[i] = historicalDensities[t]; 
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   6.   vectorY[i] = historicalDensities[t]; 

   7.   i++; 

   8.  End 

   9.  correlationCoef = cor(vector, vectorY, correlationType); 

   10.  Return correlationCoef; 

   11. End 

4.2.2 Edge class: 

Determining the existence of edges in the graph is a difficult problem. We need to 

determine the multiple relations between different sampling devices while these rela-

tions don‟t exist explicitly. Because the dominated zone of sampling devices isn‟t 

concerned (it‟s too small in comparing with the sampling scope), their characteristics 

are completely different from a wireless telecommunication network (or a radar net-

work). Meanwhile, we are interested in some potential relationships to establish the 

edge connections. For example, in the BPHs surveillance network, we pay attention to 

their migration behaviors along the wind.  

General specification for the Edge class is as follows: 

Properties 

 edgeID: Identifier of the edge. 

 sourceNodeID: Identifier of the source node. 

 destinationNodeID: Identifier of the destination node. 

 deviationAmount: Defined as the density difference between the source and 

destination nodes. 

 length: Euclidean distance from the source node to the destination node. 

 competency: Type of Competency class, which contains the evaluation infor-

mation for the edge. 

Actions 

 getInternalCorrelation(CorrelationType): Get the correlation between the 

sources and the destinations (all adjacent edges). 

4.2.3 Graph class 

This class is the representative for the Surveillance Network. Graph class keeps a 

central position in controlling all tasks of measuring and evaluating in the system. 

Due to this reason the evaluation results retrieved from this class is always the final 

conclusion. There are multiple actions implemented in this class, almost of them are 

the aggregation and combination tasks. 

General specification for the Graph class is as follows: 

Properties 

 nodesList: List of nodes existing in the graph. 

 edgesList: List of edges existing in the graph. 

 competency: Type of Competency class, which contains the evaluation infor-

mation for the graph. 
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Actions 

 resetEdges(): Rebuilding the new network from the current context. 

 estimateDensity (Method): Helping to estimate the density for the whole re-

gion in the GRID model, some methods can be the IDW [22], Kriging [23], 

UDG-based [5] 

 getCorrelationByPeriods(): Calculating the correlation coefficient in data of all 

nodes between two consecutive periods: current and previous periods. 

 getCorrelationByEdges(): Calculating the correlation coefficient in data be-

tween all pairs of nodes existing in the edgesList. 

Algorithm 2. Implementing the edge connections (Implemented in 

Graph.resetEdges()). 

Input: 

 nodesList: list of nodes 

 radius: radius of unit disk graph  

Output: 

 edgesList: list of edges 

Complexity:  θ(n log n). 

 

Implementation: 

    1. Begin 

   2.  For i from 0 to (nodesList.length – 2) 

   3.  For j from i + 1 to (nodesList.length – 1) 

 4.   If (nodesList[i].workingStatus == TRUE) 

 5.           and (nodesList[j].workingStatus == TRUE)  

 6.    Then If (distance(nodesList[i], nodesList[i]) ≤ radius) 

 7.     Then If (canConnect(nodesList[i], nodesList[i])) 

 8.      Then 

 9.       newEdge = createNewEdge(nodesList[i], nodesList[i]); 

 10.      edgesList.add(newEdge); 

 11.     End 

 12.    End 

 13.   End 

 14. End 

 15.  Return edgesList; 

 16. End 

 

Algorithm 3. Calculating the correlation coefficient in data of all nodes between 

two consecutive periods current and previous periods (Implemented in 

Graph.getCorrelationByPeriods()). 

 

Input:  

 nodesList: list of nodes 

   historicalDensities[]: list of nodes 

 correlationType: PEARSON/SPEARMAN/KENDALL 
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Output: 

 correlationCoef: Correlation coefficient. 

Complexity:  θ(n). 

 

Implementation: 

    1. Begin 

   2.  t = currentPeriod; 

   3.  For i from 0 to (nodesList.length – 1) 

   4.  Begin  

 5.   vectorX[i] = nodesList[i].currentDensity; 

 6.   vectorY[i] = nodesList[i].historicalDensities[t - 1]; 

 7.  End 

   8.  correlationCoef = cor(vector, vectorY, correlationType); 

 9.  Return correlationCoef; 

 10.End 

Algorithm 4. Calculating the correlation coefficient in data between all pairs of 

nodes (Implemented in Graph.getCorrelationByEdges()). 

Input:  

 edgesList: list of edges. 

 correlationType: PEARSON/SPEARMAN/KENDALL. 

Output: 

 correlationCoef: Correlation coefficient. 

Complexity:  θ(n). 

Implementation: 

    1. Begin 

   1.   For i from 0 to (edgesList.length – 1) 

   2.   Begin 

   3.    srcID = edgesList[i].sourceNodeID; 

 4.     dstID = edgesList[i].destinationNodeID; 

 5.    vectorX[i] = nodesList[srcID].currentDensity; 

 6.    vectorY[i] = nodesList[dstID].currentDensity;  

 7.   End 

 8.   correlationCoef = cor(vector, vectorY, correlationType); 

 9.   Return correlationCoef; 

 10. End 
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4.2.4 Competency class 

Competency class is defined as an abstract class to evaluate the capacity of another 

class. The properties of this class are designed to evaluate the capacity of another 

class. This class becomes a private property of three above classes. General 

specification for the Competency class is as follows: 

Properties 

 correlationCoeficients[]: Containing the correlation coefficients. 

 aggregationValues[]: Containing the aggregation values. 

 combinationValues[]:Containing the combination values.  

Actions 

 evaluatesCapacity(): Evaluating the capacity from the private properties. 

5 Brown Plant Hopper surveillance network and Agent–based 

simulation 

In this section, we present a concrete situation of SNM for the insect surveillance 

network in the Mekong delta region. The observed objects are the Brown Plant Hop-

pers in adult stage (when the BPHs can dispatch along the wind). 

To implement the model, we need to consider two factors presented in the abstract 

view (Fig. 1):  

(1) Observed objects: Brown Plant Hoppers. 

These objects must be implemented as a system dynamics. In fact, simulat-

ing the movement of these objects becomes a big challenge for any mod-

elers. In this research, we will implement a migration model for Brown Plant 

Hoppers; this model will consider three natural factors: transplantation re-

gions of rice, the river regions and the wind (velocity and direction). 

(2) Surveillance Network Model: This model has its own private name Brown 

Plant Hopper Surveillance Network Model (BSNM). BSNM follows the 

general SNM structure specified in Section 4. By the reason of migration 

behaviors of BPHs (depending on the wind), the graph will be directional 

(the edge direction is determined by the wind direction). Also, the disk ra-

dius is determined by the wind velocity. The sampling devices are the light-

traps established in the plant protection management (managed by the 

Southern Plant Protection Research Center). The sampling stage of this sam-

pling network is determined by one day (this stage is also considered for one 

simulation step). 

5.1 Modeling the BSNM 

The sampling period is determined as (by or as) one day (the real period). We con-

sidered the maximum distance on which the BPH can dispatch in each period. Sup-

pose the v is the wind velocity, t is the dispatch time inside one period (normally t = 4 
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hours from the evening to the night), we have rmax = v * t. The disk radius r of UDG 

should be less than rmax. We apply the case of model using the circle disk (Fig. 2a). 

Fig. 6 analyses the connection between two light-traps depending on the velocity 

and the direction of wind. In this figure, we will consider the light-trap N1, with coor-

dinates (x1, y1). Suppose that there is a light-trap N2, with coordinates (x2, y2) located 

in the half circle lower the wind having rmax = v * t, we will analyze the connection 

between N1 and N2 (if existing). 
 

 

Fig. 6. Connection analysis between two nodes. 

In Fig. 6, call α is the angle between the wind direction and the x axis. We call N1 

is the source point, from where the BPH can dispatch, and a point D1 (x‟1, y‟1) is the 

farthest where the BPH can reach in case of moving totally along the wind direction 

(in one day). We see that the distance from N1 to D1 is r. We will find out the relation 

of N1 and N2 via α and D1. 

The line connected N1 and D1 has the equation y = tan α * x + b. Then, we have: 

(1) | x‟1 - x1 | = r * |cos α| 

(2) | y‟1 - y1 | = r * |sin α| 

 

Depending on the value of α, we can calculate the values of x'1,  y'1 from the values 

of x1, y1 and α. We have the table of expressions: 

 

α Expressions 

0 < α ≤ π/2 x'1 = x1 + r * |cos α|; y'1 = y1 +r * |sin α| 

π/2 < α ≤ π x'1 = x1 - r * |cos α|; y'1 = y1 + r * |sin α| 

π < α ≤ 3π/2 x'1 =  x1 – r * |cos α|; y'1 = y1 –  r * |sin α| 

3π/2 < α ≤ 2π x'1 =  x1 + r * |cos α|; y'1 = y1 – r * |sin α| 

Table 2. Calculation of values x'1 và y'1 following α and x1, y1. 

After determining the coordinates of D1, we need to determine whether the N2 sa-

tisfies the condition of locating in the half circle lower the wind of N1. 
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Call                                           and              
                           

are two directional vectors. We need to determine the angular β made by         and        , if 
      , then N2 satisfies the condition of locating in the half circle lower the wind 

of N1; and in the model, there is one edge connected from N1 to N2. 

The value of   can be determined by the expression: 

       
                

                   
  

where                  is the scalar product of two vectors         and        , while           and           
are respectively the length of         and         (by Euclidean distance). 

So, the condition to establish a connection from N1 to N2 is: 

 
              
         

  

Where, t is the amount of time the BPH can dispatch in one day (in fact t = 4 

hours/day) and v is the wind velocity. 

5.2 Experiments 

The sampling data is the number of BPHs trapped by the light-trap every night, the 

sampling period is one day (and also considered as the simulation period). In this 

research, we use the light-trap data in January, 2010 of four provinces in Mekong 

delta region. 

In this part, we introduce two main results. The first result is the verification of the 

laws inside the light-trap data; we applied some correlation analysis in R language 

[25] (introduced in Part 5.2.1). This first result suggests many ideas to develop the 

evaluation actions of SNM abstract model. In Part 5.2.2, we introduce the second 

result of this research, all outputs of the BSNM. This BSNM is built on GAMA 1.4 

platform [7]; this GIS-based and ABM-based simulation platform has been developed 

by the research team MSI (located in the IFI, Hanoi, and part of the IRD/UPMC In-

ternational Research Unit UMMISCO) since 2007. 

5.2.1 Correlation analysis in R 

Fig. 7 is the correlation analysis [8] in three popular ranks: Kendall, Pearson and 

Spearman in the data at 26 light-traps in Dong Thap province in January, 2010. The 

correlation coefficient is calculated on two vectors v1 and v2, where v1 keeps the val-

ues of all light-traps in the day i and v2 keeps the values of all light-traps in the day 

i+1 (two consecutive days), 1 ≤ i ≤ 30. The analysis results demonstrate that the 

Spearman rank is rather high, the average > 0.8, and there is strictly the correlation 

between two consecutive days. 
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Fig. 7. Correlation analysis of light-trap data between two consecutive days in January, 2010 in 

Dong Thap province, Vietnam. 

5.2.2 BSNM results 

a) Directional surveillance network with different values of disk radius: 

 

   

Wind velocity = 2km/h 

(Radius = 10 km) 

Graph with 67 nodes and 

126 edges. 

 

Wind velocity = 3.75 km/h 

(Radius = 15 km) 

Graph with 67 nodes and 

296 edges. 

 

Wind velocity = 5 km/h 

(Radius = 20 km)  

Graph with 67 nodes and 

437 edges. 

Fig. 8. Directional surveillance network 

The surveillance network in Fig. 8 is built from 67 light-traps in three provinces 

Hau Giang, Soc Trang and Bac Lieu. In the model, all light-traps are in the running 

status, the wind direction is South-West (α = π/4). 

 

b) Ecological and environmental model: 

The Ecological and Environmental model is the second part of the whole system; 

this model is independent with the SNM and is measured and evaluated by BSNM. 

We don‟t concentrate on it in this paper (can see more details in [6]). 

Wind direction Wind direction Wind direction 
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a) UDG with radius = 10 km 

 

b) IDW estimation (radius = 10 km)  

Fig. 9. Ecological and environmental model and the results of density estimation algorithm.  

The ecological and environmental model is based on the grid one. This approach 

can easily help apply more estimation and propagation models. Fig. 9b shows the 

result of IDW estimation (using the Graph.estimateDensity(Method = „IDW‟) action) 

from the SNM. 

c) Correlation analysis - Actions of Graph class: 

 Action: Graph. getCorrelationByPeriods() 

 

   
 

Kendall correlation Pearson correlation Spearman correlation 

Fig 10. Correlation between all two consecutive days 

These results is consistent with one illustrated in Section 5.2.1, but is applied in 

another region. Furthermore, the correlation can be automatically generated from the 

BSNM; we can apply this action for any kinds of data: the historical data for the anal-

ysis tasks and the propagation data for the predictive analysis. 

  

Rice transplantation area 

Rice transplantation area 

GRID model and  

the density estimation results 

Hau Giang 

Soc Trang 

Bac Lieu 

Hau Giang 

Soc Trang 

Bac Lieu 
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 Action: Graph.getCorrelationByEdges() 

 

  

Radius = 20 km,  

Kendall (Not correlated) 

Radius = 20 km,  

Spearman (Not correlated) 

  
Radius = 15 km 

Spearman (Not correlated) 

Radius = 10 km 

Spearman (Not correlated) 

Fig 11. Correlation between all pairs of nodes in Graph.edgesList. 

Almost analyses of this action give a bad result in correlation rank. We can say that 

the Hypothesis 2 in Section 1 isn‟t verified. The data is nearly not correlated at all. 

6 Conclusion 

In this paper, we propose an abstract model helping to implement a surveillance 

network based on the UDG technique [1][2][3]. This Surveillance Network Model 

(SNM) can be implemented for many different ecological and environmental surveil-

lance systems. We can consider this model as a useful tool for verifying and evaluat-

ing many scientific hypotheses related with the ecosystems. All components of SNM 

are object-oriented, and it‟s easily to adapt with many modeling methods, as well as 



The 15th International Conference on Principles and Practice of Multi-Agent Systems, p. 19, 2012. 

© Springer-Verlag Berlin Heidelberg 2012 

 

the multi-agents model. Four mains abstract classes are defined: Node, Edge, Graph 

and Competency and multiple statistical and data miming algorithms [8][24][25] (e.g. 

the correlation [8], the spatial estimation [5][22][23]) are also concerned in this ab-

stract model. 

In addition, we are successful in implementing the Brown plant hopper Surveil-

lance Network Model (BSNM) for the light-trap network in three provinces of the 

Mekong delta region: Soc Trang, Hau Giang and Bac Lieu. The BSNM is agent-based 

[16][17][21] and contains four types of agent relatively with all main classes in the 

SNM. We verify some hypotheses by using the correlation ranks (Kendall, Pearson 

and Spearman [8]); with it, we can get more information of the observed objects. The 

first hypothesis is well verified while the second one needs more investments in the 

future research because of the bad result in correlation. Besides, the implementation 

of IDW estimation [22] algorithm is also given in this model. 

The investment on the aggregation and the combination algorithms are the next 

works of this research. 
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