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ABSTRACT   

Compared with the traditional method of detection tracking, space sensor networks for its good character 
of the traditional tracking methods inadequate. For the localization algorithm and route planning of space 
sensor network exists a big positioning error in high altitude platform station (HAPS) space 
communication. Space sensor network communication system is researched. According to the anchor 
nodes and unknown nodes, location algorithm and node route planning method of HAPS are proposed in 
this paper. The performance of the node density and location error are simulated and analyzed in HAPS. 
The simulation results show that the performance of proposed location error is better than the traditional 
algorithms.    
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1 Introduction 
The high altitude platform stations (HAPS) is a new information system that has been developed at an 
early stage in recent years. Stratospheric HAPS is a key instrumentality for broadband wireless 
communication, as it could complement and cooperate with satellite and terrestrial communications. So 
far, in the process of studying and developing of space sensor networks, security has been concentrated 
less. As a new network, the space sensor network is a multi-discipline, highly intersecting researched hot 
field, which is of both military and business values. Topology control is one of the most fundamental 
problems in space sensor networks [1-3], which are the newest technology of information collecting and 
processing, have a wide range of application including military and business. But the node localization 
information played a key role in the application of space sensor network. The uplink capacity formula for 
the HAPS-terrestrial CDMA system is deduced and the capacity of the ring structure and that of the multi-
layer structure are compared [4-5]. Research of the space sensor network gradually gets the focus from 
the industrial and academe [6-7]. It has a great application future in the military and civil area. Reducing 
power consumption to extend network lifetime is one of the most important challenges in designing space 
sensor networks. 

Anchor node positioning usually depends on manual deployment or using GPS. The manual deployment 
of anchor nodes is not only limited by the network deployment environment. It also severely restricts the 
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scalability of networks and applications. With GPS positioning. The cost of anchor nodes will be two orders 
of magnitude higher than that of ordinary nodes.  This means that even if only 10% of the nodes are 
anchor nodes, the price of the entire network will increase by 10 times. In addition, the range of 
positioning accuracy increases with the increase of the density of anchor nodes. When it reaches a certain 
level, it will not increase again. Therefore, the density of anchor nodes is also one of the important 
indicators for evaluating the performance of positioning systems and algorithms. 

References [8-15] prolonged network lifetime, good scalability and proper load balancing are important 
requirements for many sensor network applications. Clustering sensor nodes is an effective technique for 
achieving these goals. Clustering Algorithm based on Node Correlation (CANC) is proposed. CANC utilizes 
received signal strength, residual energy and connectivity to choose cluster-heads. It takes the node 
correlation into account to determine cluster members. Analysis and simulation results show preliminarily 
that, the new CANC algorithm can make cluster-heads well distributed and achieve good performance in 
terms of system lifetime, scalability and LBF (load balancing factor). Classic clustering algorithms in space 
sensor networks are studied and find two main reasons causing unnecessary energy consumption, which 
are fixed operation periods and too much information exchanged in cluster-heads selection. Then an 
Energy-Efficient Clustering Algorithm (EECA) is proposed, whose kernels are adaptive operation period 
model and a new cluster-heads selection method [16-18]. Simulation results show that the proposed 
protocol can adjust operation period adaptively and reduce the information exchanging in choosing 
cluster-heads, is more energy-efficient and suitable for space sensor network. 

A new location algorithm and route planning for use in space sensor network are studied in References 
[19-20]. References [21-22] presents the analytic and simulation results of the performance of UWB 
relative location estimation in space sensor networks, and analyze and evaluate the energy consumption 
models in space sensor networks with probabilistic distance distributions. References [23-24] propose 
resolving schemes of data collection in space sensor networks of both plane model and linear and 
nonlinear mathematics model, and proposed a new node route planning method. 

The rest of this paper is organized as follows. In Section II, the space sensor network system of HAPS model 
node route planning is researched. In Section III, the location algorithm and route planning is built up for 
the space sensor network communication system. In Section IV, simulation results are presented. Finally, 
conclusions are drawn in Section V. 

2 Node Route Planning 
The space sensor network is drawn in Figure.1. Space sensor network includes a anchor nodes and 
unknown nodes. It can be implemented with a laser or microwave communication between them. It is a 
challenging problem about the location algorithm. The traditional location algorithm of SCAN [25] for 
space sensor network can be seen in Fig.1. 

1 1( , )x y

2 2( , )x y

3 3( , )x y
( , )x y

 

Figure 1. SCAN location algorithm 
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As can be seen from Fig.1. First, in one direction (such as scanning from outside to inside), the sequence 
of the requested service is sequentially accessed during the scanning. Scan backwards when scanning to 
the innermost service sequence. Note here that assuming the innermost layer is track 0. The sequence of 
the innermost request service is no. 5. After visiting no. 5, it is reversed, and there is no need to sweep 
back. In the better understanding of the elevator process, when the elevator accesses people, it is clear 
that the lowest level is no one. It will not go any further. We suppose some node that is the beacon node, 

the position is 1 1( , )x y ,one node is the unknown node, the position is ( , )x y ,We suppose the distance from 

the beacon node to unknown node is  1d ,so we can get: 

( ) ( )2 2 2
1 1 1x x y y d− + − =                                                                               (1)                                           

1 2. . 0 , 0s t x l y l≤ ≤ < ≤                                                                                  
(2) 

The traditional location algorithm of CIRCLES for space sensor network [20-21] is shown in Fig.2. 

 

1 1( , )x y
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Figure 2. CIRCLES location algorithm 

The relationship of multilateral localization of the unknown node is shown in Fig.3. 
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Figure 3. Multilateral localization of the unknown node 

There are two beacon nodes in the space sensor network system.The position of beacon node C 2 2 2( , , )x y z

, 2AC d= , the mathematics model can be denoted as 
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                                                                           (3) 

There are three beacon nodes in the space sensor network system, the mathematics model can be 
expressed as 

( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

2 2 2
1 1 1 1

2 2 2 2
2 2 2 2

2 2 2 2
3 3 3 3

1 2

1 2
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 − − −

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                                                            (4) 

The distance of anchor nodes can be calculated as follows: 
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3 Location and Route Planning Algorithm 
For space sensor network node location, due to the location of the mobile node insert uncertain nodes, 
so the inserted into the virtual anchor nodes, which helps to limit the location error. The node system 
model is shown in Fig.4. 

( , )x y

1 1( , )x y

2 2( , )x y

3 3( , )x y

Anchor node

Unknown node

 

Figure 4. The node system model 

The node movement route plan is obtained. So we can get: 

0

0

cos(2 )
sin(2 )

x x r t t
y y r t t

π ϕ
π ϕ

= + × × +
 = + × × +

                                                                       (6)                              

Similarly, in the triangle, we can get: 

21

2
0

2
1

2
2 )4/(cos

dd
ddd −+

=θ                                                                                (7) 

Combined with formula (6) and (7), 0d can be  expressed as: 
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The total path length can be expressed as 

20
2 2 2 2 2 2

t=1
4 4 sin(4 ) 4 cos(4 )D r r t r t t r t tπ π π= + + +∑                                                   (9) 

The flow chart of space sensor network node location is shown in Fig.5. 

Anchor node 
position

Broadcast message 
packet by

Calculate the 
relative distance 

of nodes

Compare node 
information
（X>Y?）

unknown node 
model and 
location 
algorithm

esY

oN

send{ ,(a,b)}T

Begin

End

  
Figure 5.  The flow chart of location 

Where, the anchor node broadcast message is shown in Fig.6.  

We assume that the received packet position is triangle. 

 
   Figure 6.  The anchor node of broadcast message 

Node relative positioning and the radial error can be expressed respectively: 

        
( ) ( ) ( )2 2 2' ' '
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4 Simulation Analysis 
Considering the 150 nodes to be mounted on the random uniform topology. The relation between node 
radius and location error is shown in Fig.7. 

 

  Figure 7. Relation between node density and location error 

As can be seen from Fig.7.The location error performance of proposed space sensor network node 
location algorithm is better than traditional SCAN and CIRCLES.The relation between node density and 
location proportion is shown in Fig.8. 

 

         Figure 8. Relation between node density and location proportion 

As can be seen from Fig.8. The location proportion performance of proposed space sensor network node 
location algorithm is better than traditional SCAN and CIRCLES methods. The relation of movement speed 
of nodes and location error is shown in Fig.9. 
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         Figure 9. Relation of movement speed and location error 

As can be seen from Fig.9. With the increase of movement speed of nodes, the 
shows different changing tendency along with different location error. In all, the proposed algorithm is 
better than the traditional SCAN and CIRCLES methods. Location time under different movement speed is 
shown in Fig.10. 

 
Figure 10. Node density and location error 

As can be seen from Fig.10, the location time is different when the movement speed is different. With the 
increase of movement speed, the location time is becoming less. 

5 Summary 
Based on the analysis of the space sensor network, some conclusions are obtained. First of all, the 
space sensor network communication system is set up. Then, location algorithm and node route planning 
of space sensor network are proposed. Some mathematics model is built according to the space sensor 
network communication system. Lastly, mathematics model and location algorithm and route planning 
method are simulated. The performance of the proposed location algorithm and route planning method 
is better than the traditional methods. 
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