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Abstract—In many applications, the location information 
should be necessary. This paper propose a cheap multi-
plane 3D localization solution, which based on the existing 
2D localization system, a perpendicular 2D plane is added to 
achieve 3D localization. The algorithm is intended for 
applications which require information of the height, but 
remain less sensitive to the location accuracy. At the same 
time, this paper also introduces symmetrical double-sided 
two-way ranging (SDS-TWR) and dynamic power 
consumption intensity searching algorithm into localization 
system, which can effectively lessen the influence of time 
synchronization and ease internet traffic congestion of 
wireless localization network. 

Index Terms—wireless sensor localization; 3D localization; 
Chirp spread spectrum; dynamic power searching 

I. INTRODUCTION 
Wireless localization systems include base stations 

localization (like Chirp spread spectrum (CSS) [1], Ultra 
wideband (UWB) [2], Zigbee [3], WiFi [4], RFID [5, 6], 
GPS [7], and GSM/CDMA), optical localization 
technology (like laser scanning, ranging, image 
recognition) and sonic localization (ultrasonic) [8]. Since 
optical and sonic systems have backsides like highly-
complex deployment, expensive cost and low system 
volume [9]. However, wireless localization system boasts 
easier deployment, convenient maintenance and 
application into the practical engineering projects [10-12]. 
Moreover, the localization accuracy ranging from 30cm to 
50cm meets more the practical demands of customers. 
Among the common wireless localization technologies, 
RFID or radio frequency identification has developed for 
a long time and is highly practical with its localization 
accuracy ranging between 3 to 10m; Zigbee has good anti-
interference and is of low energy consumption with its 
localization accuracy ranging from 3 to 5m; and UWB or 
ultra wide band is of high localization accuracy, which 
ranges from 0.15 to 1m. Of all the above mentioned, 
UWB is of the highest localization accuracy, but its cost is 
also quite high. It is intended for governments, soldiers 
and policemen who have a high demand of the accuracy 
and don’t mind about the cost. However, the working 
frequency of UWB is not yet open. Previously, CSS was 
mainly applied to pulse compression radar and succeeded 
in resolving the contradiction that the distance measured 
and measurement accuracy cannot be optimized 
simultaneously [13, 14]. Therefore, research both home 
and abroad is confined to the field of radar [15-17] In 
recent years, as IEEE listed CSS as one of the underlying 
application means of 802.15.4a technology standard, CSS 

has gradually drawn attention in the field of 
communications [18].  

II. RESEARCH QUESTION 
In many situations like monitoring of the students in 

school, correct information of the students’ 2D location is 
called forth. However, about the information of the height, 
only which store of the building should be informed. 
Previously, distance model was used to localize: 
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Where, c  stands for the speed of electromagnetic wave, 
about 3x108m/s; t for the time that the mobile node 
Mobiles to the anchor node; d for the distance between the 
above mentioned two kinds of nodes; ),,( zyx  is the 
coordinate of the mobile node; while ),,( zaa zyx  is that 
of the anchor node A or Anchor A. As is shown in Figure 
1, the estimation of the location is worked out by referring 
to the least square (LS) method or the maximum 
likelihood (ML) estimation and other algorithms.  

However, among the existing localization systems, 
most have achieved 2D localization, but height 
information is not included. It costs a great deal to renew 
the deployment of the localization system. The most 
feasible method is to refer to the 2D localization system. 
To obtain the height information without increasing the 
cost remains an urgent issue to be solved.  
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Figure 1.  Schematic diagram of 3D localization 
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III. MULTI-PLANE 3D LOCALIZATION ALGORITHM 
Multi-plane 3D localization technology is one of the 

range-based localization. It employs SDS-TWR to fulfill 
the measurement to effectively achieve time 
synchronization. In order to ease the net communication 
pressure, especially the influence of the broadcast on the 
whole internet, dynamic adjustment of the power is 
utilized to seek the proper anchor node.  

A. SDS-TWR 
The distance between Mobile node A and Anchor node 

B is estimated through the time electromagnetic wave 
takes to from A to B. d  for distance is the product of 
electromagnetic wave’s transmission time  roundT  and its 
transmission speed c . If the error is 1m, the error of  

roundT  can be limited with 3ns. It costs much to make 
time synchronization less than 3ns. However, SDS-TWR 
has no strict requirement of time synchronization. As is 
shown in Figure 2, roundT  is worked out by the following 
algorithm. The mobile node sends localization request to 
the anchor node at 0t , and the time for the anchor node to 

receive and handle the request is pbt . The mobile node 
confirms the reception of the signal from the anchor node 
at 1t . Thus,  

2/)( 01 pbroundA tttT −−=                           (2) 

From (2), roundT  can be obtained, in which 0t  and 0t  
are confirmed at Mobile A. In this method, time 
synchronization is not a problem, but there induces a new 
error caused by the difference in the crystal oscillator of 
the anchor node and the mobile node. That error is small 
and can be avoided by selecting the crystal oscillator from 
the same batch of the same manufacturer so as to meet the 
requirement of the clock. 

However, in order to eliminate such errors, after 
Anchor B confirms its reception of the signal from Mobile 
node A, it sends to Mobile node A the range signal at 2t . 
After the handling time of pat , Anchor B confirms the 

reception of the signal at 3t . Thus  

2/)( 23 paroundB tttT −−=                                  （3） 

From (3), roundT  is obtained. And the time costs for 
Mobile node A to be transmitted to Anchor node B is 
calculated by (4). 

2/)( roundBroundAroundB ttT +=                             （4） 

In order to lower the cost, the accurate time 
synchronization is not adopted. At the same, the overall 
error is effectively controlled within the acceptable scope. 

The communication protocol in wireless localization 
network is as shown in Figure 3. At first Mobile node 
send a broadcast signal to all anchor nodes by dynamic 
power searching algorithm addressed in next section. 
Mobile A regularly sends localization requests to Anchor 
B, and its localization requests signal are active. At the 
same time, the sending time 0t  is recorded. After Anchor  
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Figure 2.  SDS-TWR method 
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Figure 3.  Range localization communication protocol 

B receives the localization active request,confirmation 
data package is generated and sent back. The time delay 
due to the handling of the signal is pbt . Mobile A receives 

the active request confirmation data package at 1t . The 
time delay from Mobile A to Anchor B is roundAT , and 

roundBT  an be obtained through the similar way. Then 

Anchor B sends the distance data package roundBT  to 

Mobile A, and the time delay roundT can be obtained. 

B. Dynamic power searching algorithm 
The optimal reference anchor node is chosen through 

the dynamic power capable of adjustment. Localization 
requests are sent to all anchor nodes, and collision is 
caused according to the communication protocol of 
RTS/CTS. Thereafter, the plenty collision will inflict great 
burden on wireless internet. How to find the proper anchor 
node for range is the primary issue of the localization 
work. Generally speaking, the optimal anchor node is 
situated nearest to the mobile nodes and which costs the 
lowest energy consumption in the ranging process. By 
making use of the adjustability of mobile nodes’ power, 
four to five optimal anchor nodes can be found to achieve 
localization.  

The red point M is the mobile node. Firstly, the lowest 
power is employed to send to the anchor node the 
localization request broadcast. After receiving the signal, 
the anchor node sends out the confirmation data, which is 
shown in Figure 4. The red broken circle is the radiation 
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scope. Two anchor nodes are found and recorded as well. 
The radiating and receiving power is enlarged, and 
continues to broadcast to the outside. The radiation scope 
is the blue broken circle, and four anchor nodes are found. 
By gradually increasing the radiating power, the optimal 
reference anchor node is found. The sending of the data 
should be controlled within a certain scope to avoid 
inflicting influence upon the anchor nodes outside the 
scope. The workload of the anchor nodes of the whole 
system is effectively decreased, thus preventing the 
internet collision. 

C. Multi-plane 3D localization algorithm 
According to the dynamic searching algorithm, the 

mobile node M searches four anchor nodes, namely A, B, 
C and D, which are at the same plane. Localization is 
conducted through SDS-TWR. Thereafter, the coordinate 
of M at the plane of XY can be obtained, which is 

),( 11 yx . Since it can only be localized within 2D space, 
we need to introduce the new node E. Node E is at the 
highest point of the localization space. Then the other two 
planes apart from XY are formed, namely XZ and YZ. 
According to SDS-TWR, localization requests are sent to 
A, B and E nodes. And the coordinate of M at the plane of 
XZ is ),( 12 zx . Similarly, the mapping coordinate of M at 
the plane of YZ composed by C, D and E, that is 

),( 22 zy . According to (5), the coordinate of M at the 3D 
space is obtained ),,( zyx , which is shown in Figure 5. 
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IV. CONCLUSION 
In order to meet the 3D localization needs of some 

application, this paper take the multi-plane localization 
technologies based on 2D to solve relevant questions 
related to 3D localization. In the process of 2D 
localization, SDS-TWR is employed to effectively solve 
the inaccuracy caused by time de-synchronization. At the 
same time, in the process of dynamic energy consumption 
searching, the wireless network communication traffic is 
effectively eased to lower the probability of collision. 
Based on that, the height of target is obtained by 
employing the perpendicular plane. The algorithm put 
forward by this paper is of great application value to 
situations where height is required.               
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Figure 4.  Choosing the optimal reference anchor node 
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Figure 5.  Schematic diagram of the multi-plane wireless localization 

algorithm 
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