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ABSTRACT
Most of ubiquitous computing devices such as stereo camera, ultrasonic sensor based MIT cricket system and other wireless 

sensor network devices are widely applied to the 2 Dimensional(2D) localization system in today. Because stereo camera cannot 
estimate the optimal location between moving node and beacon node in Wireless Personal Area Network(WPAN) under Non Line 
Of Sight(NLOS) environment, it is a great weakness point to the design of the 2D localization system in indoor environment. 
But the conventional 2D triangulation scheme that is adapted to the MIT cricket system cannot estimate the 3 Dimensional(3D) 
coordinate values for estimation of the optimal location of the moving node generally. Therefore, the 3D triangulation scheme 
based on the space segmentation in WPAN is suggested in this paper. The measuring data in the suggested scheme by computer 
simulation is compared with that of the geographic measuring data in the AutoCAD software system. The average error of 
coordinates values(x,y,z) of the moving node is calculated to 0.008m by the suggested scheme. From the results, it can be seen 
that the location correctness of the suggested scheme is very excellent for using the localization system in WPAN.
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I. Introduction 1)

Most of ubiquitous computing devices such as stereo 

camera, ultrasonic sensor based MIT cricket system and 

other wireless sensor network devices are widely applied 

to the 2 Dimensional(2D) localization system in today. 

Because stereo camera cannot estimate the optimal loca-

tion between moving node and beacon node in Wireless 

Personal Area Network(WPAN) under Non Line Of Sight 

(NLOS) environment, it is a great weakness point to the 

design of the 2D localization system in indoor environment. 

In order to solve this problem, commercial system based 

on wireless sensor network(WSN) widely adapts the low 

power and cost PHY/MAC technologies that recommended 

by the IEEE 802.15.4a international standard.[1] 

But the conventional 2D triangulation scheme that is 

adapted to the MIT cricket system cannot estimate the 3 

Dimensional(3D) coordinate values for estimation of the 

optimal location of the moving node generally. 
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Therefore, the 3D triangulation scheme based on the 

space segmentation in WPAN is suggested in this paper. 

The measuring data in the suggested scheme by computer 

simulation is compared with that of the geographic 

measuring data in the AutoCAD software system.[2,3]

In order to calculating the radius(distance between the 

moving node and the beacon node), the suggested scheme 

adapts the computation method of the 3 dimensional point 

that the surfaces of three spheres overlap, while the 

conventional 2D triangulation scheme adapts the computation 

method of the 2 dimensional point that three circles 

overlap.

II. Problems Analysis in 3D Localization

In general, three beacon nodes are required to estimate 

the location of the moving node in conventional 2D trian-

gulation scheme. The 2D scheme calculates the three 

circles crossing point that is estimated location of the 

moving node. 

In order to design the new 3D triangulation scheme, 

the problems that is often occurred in the 3D localization 
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Fig. 1 Configuration of Beacon and Moving Nodes in 3D 
Space

are analyzed in this section. As shown in Fig. 1, each 

circle is generated using its radius defined by the 

distance between the moving node and the beacon node. 

But the 2D triangulation scheme is only adapted to the 

case that the moving and beacon nodes are located the 

same plane. If the moving node and the beacon nodes 

are located to the different planes as shown in Fig. 1, 

this scheme cannot calculate the correct location of the 

moving node.[4]

If it is assumed that the distance between the moving 

node M and each beacon node such as A, B and C is Da, 

Db and Dc respectively, the 3 spheres that have the 

radius(distance between the moving node M and each 

beacon node such as A, B and C) cannot be crossed to 

one point due to 3D space. 

Until today, most of 3D localization systems as well as 

2D localization systems are designed and implemented 

using the conventional 2D triangulation scheme assuming 

that the moving node M maybe located in the region the 

3 spheres overlapped.[5,6,7]

III. New 3 Dimensional Triangulation Scheme 

1. Simultaneous Equations

As shown in Section 2, the problems in the 2D triangu-

lation scheme are summarized. In order to solve the 

problems, the simultaneous equations in the 3D triangulation 

scheme for calculation of the location coordinates are 

suggested.

The location coordinates for the 3D localization is 

calculated by consolidating the three spheres equations 

Fig. 2 3D Triangulation Scheme based on Simultaneous 
Equations

having radius that means the distance between each 

beacon node such as A,　B and C and the moving node M 

as shown in Fig. 2. 

Two cross points that are overlapped by sphere A, B 

and C are calculated by the location coordinates of three 

beacon nodes BNA, BNB and BNC in the 3D space. The 

moving node MN can be located in the upper or bottom 

side of the sphere A, B and C. 

Because the cross point in upper side is located on the 

ceiling space, it is not meaningful for calculation of the 

location of the moving node. Thus the cross point in 

bottom side is only selected among 2 cross points, and it 

is considered that the selected cross point is the 

estimated location of the moving node.[6,7]

The equations presenting 3 spheres A, B and C are 

expressed in equations (1)~(3) respectively.
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The location coordinates of the cross point that means 

the location of the moving node MN is calculated as 

equations (4)~(6).

 
   (4)
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2. Beacon Node Expansion by Space Segmentation

The estimated location of the moving node in the 3D 

localization system is generally calculated by the simul-

taneous equations of spheres unexpectedly in indoor 

WPAN environment. It is caused by the value of the er-

ror and the failure of measurement when measuring the 

distance between the beacon and moving nodes using 

sensor hardware module. 

Thus, the 3D triangulation scheme based on the space 

segmentation for expanding the beacon nodes is necessary 

to reduce the distance measurement error and the 

probability of the measurement failure. Three or more 

beacon nodes are required to the proposed scheme.[6,7] 

The coordinates of the moving node is derived using 

four beacon nodes as shown in Fig. 3.[6,7] The location 

of the moving node is estimated by four distance values 

of the moving node that are measured between moving 

node and beacon nodes. If there is no distance error, the 

values of the coordinates are same. But four coordinate 

values are generally different because of the irregular 

distance error in real hardware system.

Therefore the compensation steps for measuring the 

correct coordinate values of the moving node using co-

ordinates values of four beacon nodes is required.

Fig. 3 Calculation of Location Coordinate of Moving Node 
using four Beacon Nodes

V. Performance Analysis

1. Experimental Environment

The experimental environment for validation of the 

performance of the suggested scheme is shown in Fig. 4. 

Fig. 4(left/right side) shows the sensor module based on 

the IEEE 802.15.4a standard and the indoor environment 

located in the 1st Information & Telecommunication Building 

of Tongmyong University respectively.

2. Results and Performance Analysis

In order to validate the performance of the suggested 

3D triangulation scheme based on the space segmentation 

in WPAN, the experimental space about the configuration 

of the beacon and moving node is defined as shown in 

Fig. 5. 

The planes that moving node is dwelled in the ex-

perimental environment is set to two layers that located 

Fig. 4 Experimental Environment

Fig. 5 Configuration of Beacon and Moving Nodes for 
Experimentation
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Fig. 6 (x, y) Coordinates Allocation of Moving Nodes in 
Experimental Space

Table 1 Performance Comparison with the AutoCAD Model 
and Suggested Scheme

No.

Coordinates of Moving 

Nodeby AutoCAD 

Model(m) 

Coordinates of Moving 

Node by Suggested 

Scheme(m) 
Distance 

Error(m)

x1 y1 z1 x2 y2 z2

1 0.00 0.00 2.00 0.00 0.00 1.99 0.01

2 1.00 0.00 2.00 0.99 0.00 2.00 0.01

3 2.00 0.00 2.00 1.98 －0.01 1.98 0.03

4 3.00 0.00 2.00 3.00 0.00 2.00 0.00

5 4.00 0.00 2.00 3.99 0.00 1.99 0.01

6 0.00 0.65 2.00 0.00 0.64 2.00 0.01

7 1.00 0.65 2.00 1.00 0.64 2.00 0.01

8 2.00 0.65 2.00 2.00 0.64 1.99 0.01

9 3.00 0.65 2.00 2.99 0.64 2.00 0.01

10 4.00 0.65 2.00 4.00 0.65 1.99 0.01

: : : : : : : :

Average distance error 0.008

on 1m and 2m distance from the ceiling space. 

The moving node is placed to cross points of the 

experimental space that is divided into 1m and 0.65m 

unit intervals in x and y axis of each direction as shown 

in Fig. 6. Thus the moving node is placed to the total 50 

cross points of the experimental environment in two 

layers.

The performance of the suggested 3D triangulation 

scheme is compared with the output of the AutoCAD model 

by computer simulation. Thus, the results of measuring 

data(the coordinates of moving nodes) by the suggested 

scheme and the AutoCAD model are summarized about 

Fig. 7 Variation of Average Distance Error of Suggested 
Scheme

10 of 50 location coordinates in Table 1. Table 1 shows 

only 10 trials of 36 experimentation results.

The (x1, y1, z1) mean the real coordinate values of the 

moving nodes calculated from the AutoCAD model, and 

the (x2, y2, z2) mean the coordinates value of the 

moving node calculated from the suggested scheme 

respectively. 

The average error of coordinates values(x,y,z) of the 

moving node is calculated to 0.008m by the suggested 

scheme as shown in Table 1. 

From the results, it can be seen that the location 

correctness of the suggested scheme is very excellent 

for using the localization system in WPAN. 

In addition to this, the total 36 experimentation results 

about the variation of average distance errors of 

suggested scheme are shown in Fig. 7. In this Figure, we 

can see that the overall error level is very stable though 

some errors of more than 0.04m are occurred 2 times.

VI. Conclusions

In this paper, the 3D triangulation scheme based on the 

space segmentation in WPAN is suggested in this paper. 

The measuring data in the suggested scheme by computer 

simulation is compared with that of the geographic 

measuring data in the AutoCAD software system.

The suggested scheme is based on simultaneous equations 

for the location coordinates calculation. The location co-

ordinates for the 3D localization is calculated by con-

solidating the 3 spheres equations having the radius that 
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defined the distance between each beacon node and the 

moving node. As a result, it can be seen that the location 

correctness of the suggested scheme is very excellent 

for using the localization system in WPAN. 

From the results, it can be seen that the location 

correctness of the suggested scheme is very excellent 

for using the localization system in WPAN. 

It is expected that the proposed scheme can be used to 

the localization system for monitoring some objects in 

multiple floors oriented factory, the management of logistics 

and other some localization application fields.

This work was supported by the Brain Busan 21 

Project in 2012.  
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