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Abstract:Localization without considering antenna radiation pattern gives a significant error which can be 

minimized .we propose a novel technique of localization based on antenna radiation pattern for finding 3D 

location of sensor node in a wireless sensor network by using radiation pattern of antenna with received signal 

strength indication. Proposed localization algorithm is developed by considering target node equipped with half 

wave dipole antenna which has omnidirectional radiation pattern. The results show that proposed algorithm 

estimates 3D location of sensor node in a sensor network with low average error (<0.495m). 
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I. Introduction 
Development in wireless communications and electronics has enhanced micro sensors technology, 

smartness in controlling and monitoring sensors in a sensor network [1]. Wireless sensor networks are used for 

sensing physical factors like temperature, humidity and also for monitoring and detecting environmental factors, 

chemicals, smoke etc. There are many theoretical and practical works for designing and deployment of wireless 

sensor network. Authors of [2] proposed a deployment tool for wireless sensor network. After deployment 

phase, knowledge of sensor node location is crucial in many practical applications like forest fires location 

detection, marine monitoring, animal monitoring and so on. For outdoor localization GPS is used, but in indoor 

environment GPS does not work. Most of the localization works are based on 2D localization. In [3] and [4] 

they discussed RSSI based localization algorithms for 2D. In real-time applications, sensor nodes will be placed 

in three-dimensional space. 

 Most of the 2D and 3D localization techniques which depend on RSSI and path loss model always 

consider antenna radiation pattern as isotropic i.e. antenna radiates uniform power in all directions [11]. In 

practice isotropic antenna does not exist. Omnidirectional antenna is used as isotropic antenna because it 

radiates uniform power in all azimuth directions, but it has a deep null in the orthogonal elevation direction. It 

radiates less power in axial direction of the antenna as shown in Fig.1. Due to this, omnidirectional antenna or 

half wave dipole antenna radiation pattern gives less received power at nodes which are placed at the bottom of 

the antenna. In practical scenario because of the antenna radiation pattern effect localization error could 

increase. This motivated to propose new radiation pattern based 3D localization algorithm, which considers 

radiation effect to give less error in localization.   

 

 
 

Fig. 1: 3D Radiation Pattern of Half Wave Dipole Antenna.  Fig. 2:Power Distribution of the Omnidirectional 

Antenna in Horizontal Plane. 
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II. Proposed 3D localization algorithm 

This section describes the proposed radiation pattern based 3D localization technique. We assumed that 

target node (sensor node to be estimated) is equipped with half wave dipole antenna, which has omnidirectional 

radiation pattern. In all directions, omnidirectional antenna radiation pattern is not same. It radiates less power in 

the axial direction of antenna. 3D radiation pattern of half wave dipole antenna is shown in Fig.1. 

 

 
Fig. 3: The Defined Area is divided in Circular Rings. 

 

(A) Estimating 2D Location of Target Node: 

We considered that target node is placed above the XY-plane with antenna in Z-axis direction. 

Omnidirectional antenna radiates power concentrically in horizontal direction with circular patterns as shown in 

Fig.2. Received power from transmitting antenna at equidistant beacon locations is almost same on 2D plane 

(ground plane). The 2D location of the target node can be estimated by locating center of the circular patterns. 

To find out center of the circular patterns on 2D plane where beacon nodes are placed, the plane is divided in to 

circular patterns which are having arbitrary center point. These circular patterns form rings on 2D plane. 

Variance of received powers is computed over each ring. The mean of variances of received power where it 

goes to minimum, that center point of circles is regarded as 2D location of the target node. 

To estimate target node 2D location (𝑋𝑒 ,𝑌𝑒), we considered n beacon nodes in 2D plane. Location of 

beacon nodes are (𝑥𝑖 ,𝑦𝑖 ) where i = 1… n(a sensor node which is placed onmobile robot can be used as beacon 

node to get n beacon node locations. Received power of 𝑖𝑡ℎ  beacon node is𝑃𝑟𝑖 . 𝑅𝑛𝑘𝑙
Represents 𝑙𝑡ℎ  ring centered 

at an arbitrary point 𝐶𝑘  = (𝑥𝑘 ,𝑦𝑘 ), where the radius of inner circle is𝑟𝑖𝑙 , outer circle is 𝑟𝑜𝑙
 and the width of each 

ring is w. Consider 𝐷𝑘𝑖  is the Euclidean distance between each points on 2D plane (𝑥𝑖 ,𝑦𝑖) and an arbitrary point 

𝐶𝑘  = (𝑥𝑘 ,𝑦𝑘 ) which is calculated from equation (1). 𝑑1𝑙 is the minimum distance between 𝑙𝑡ℎ  ring's inner circle 

circumference and the points lying inside the ring. 𝑑2𝑙 is minimum distance between 𝑙𝑡ℎ  ring's outer circle 

circumference and points lying outside the ring i.e. points which distance 𝐷𝑘𝑖>𝑟𝑜𝑙
. 𝑃𝑡𝑖 is the set of points of 

beacon node locations. Algorithm starts at an arbitrary point 𝐶𝑘  with 𝑟𝑖𝑙=0 and 𝑟𝑜𝑙 =w. In next step if 𝑑1𝑙<𝑑2𝑙  

then 𝑟𝑖𝑙=𝑑1𝑙 ,𝑟𝑜𝑙 =𝑟𝑖𝑙+welse 𝑟𝑜𝑙 =𝑑2𝑙 ,𝑟𝑖𝑙=𝑟𝑜𝑙 -w . Fig.3 shows plot of two iterations. In iterative process𝑑2𝑙 ,𝑑1𝑙 ,𝑟𝑖𝑙 ,𝑟𝑜𝑙  
will be update until 𝐴𝑘𝑙= {ᶲ}. 

𝐷𝑘𝑖=  𝑥𝑖 − 𝑥𝑘 
2 + (𝑦𝑖 − 𝑦𝑘)2…………. (1) 

Here the set of points located in the ring 𝑅𝑛𝑘𝑙
 are represented by 𝐴𝑘𝑙= {𝑃𝑡𝑖 |𝑃𝑡𝑖 ∈ 𝑅𝑛𝑘𝑙

}.𝐸𝑘𝑙Represents the mean 

of received power at different beacon nodes in the ring 𝑅𝑛𝑘𝑙
 and calculated by equation (2). 

𝐸𝑘𝑙=
 𝑃𝑡𝑖∈𝐴𝑘𝑙𝑃𝑟𝑖

𝑛𝑘𝑙
…………………………... (2) 

𝑛𝑘𝑙 is the number of point of the set 𝐴𝑘𝑙 . Variance of received power values of each ring 𝑉𝑘𝑙calculated using 

equation (3). 

𝑉𝑘𝑙=
 𝑃𝑡𝑖∈𝐴𝑘𝑙 (𝑃𝑟𝑖−𝐸𝑘𝑙 )2

𝑛𝑘𝑙
………………….…. (3) 

𝐸𝑉𝑘
=
 𝑉𝑘𝑙𝑙

𝑀𝑘
……………………………….... (4) 

Equation (4) is used to find the mean of the variances of the rings centered at𝐶𝑘 . Here 𝑀𝑘  is the total number of 

rings for𝐶𝑘 . Finally the estimated position (𝑋𝑒 ,𝑌𝑒) is determined using the following equation (5). 

(𝑋𝑒 ,𝑌𝑒)=𝐶𝑘  which minimizes 𝐸𝑉𝑘
………… (5) 
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(B) Estimating height of the target node: 

The gain of omnidirectional antenna in vertical direction is lower than horizontal direction (18) as 

shown in Fig.1. Thus, received power measured at the beacon nodes under the target node will be low. The 

average value of received power at beacon nodes from target node will decrease as target node height increases. 

This fact helped us to propose a new relative height estimation method for 3D localization.  

To calculate average received power of beacon nodes under target node, a circle with radius r from 

estimated 2D location of the target node (𝑋𝑒 ,𝑌𝑒) is considered. Set of Beacon positions M, which distance from 

(𝑋𝑒 ,𝑌𝑒) is less than r is considered, i.e. M = {𝑃𝑡𝑖  | 𝐷𝑘𝑖 < r}.𝑁𝑀is the number of beacon node in the set M. Average 

received power of beacon nodes 𝑃𝑎𝑣𝑔  is calculated  using equation (6). 

𝑃𝑎𝑣𝑔 =
 𝑃𝑟𝑖𝑃𝑡𝑖 ∈𝑀

𝑁𝑀
 ………………………….. (6) 

Specifically, the proposed algorithm estimates the relative height 𝑍𝑒𝑗  of target nodes𝑁𝑗 . Here we 

assumed that all target nodes heights are uniformly distributed along Z-axis with different 2D locations. First we 

find the average received power of all target nodes (inside the circle with radius r under target nodes). The 

minimum 𝑃𝑎𝑣𝑔  value is denoted by𝑃𝑎𝑣𝑔𝑚𝑖𝑛
, the corresponding height of𝑃𝑎𝑣𝑔𝑚𝑖𝑛

, is𝐻𝑚𝑎𝑥 . To estimate relative 

height of other target nodes, received average powers of all target nodes are divided in to groups. K-means 

clustering algorithm is used for grouping the received average powers of different target nodes with different 

heights. K-means algorithm will give group numbers according to received average powers. All the target nodes 

are classified into M groups from 𝐺1 to 𝐺𝑀  depending on its𝑃𝑎𝑣𝑔 . The height of a target node in group 𝐺ℎ  (where 

group number h=1, 2... M) is estimated by following equation (7). 

𝑍𝑒𝑗 =
𝐻𝑚𝑎𝑥

𝑀
*h …………………………….. (7) 

 

III.Algorithm implementation and simulation setup for 3D localization 

The proposed algorithm is implemented using Matlab software. Radiation pattern of the half wave 

dipole antenna is generated with reference of [20], [21] using Matlab. To implement the algorithm we 

considered beacon nodes are randomly deployed on 2D plane. Target node is considered above 2D plane (which 

is placed in 3D location). Received power 𝑃𝑟𝑖  at randomly deployed beacon nodes (𝑋𝑖 , 𝑌𝑖) depend on gain of the 

antenna at respective positions. Antenna Transmit gain 𝐺𝑡(𝜃, 𝜙)and antenna receive gain 𝐺𝑟(𝜃, 𝜙) are function 

of azimuth angle 𝟇 and elevation angle 𝛉. Transmit and receive antenna gain of beacon nodes will be different 

for different azimuth angle 𝟇 and elevation angle 𝛉 with respect to target node. Depending on these azimuth and 

elevation angles, antenna gains are mapped to different beacon node's location. To find received power at 

beacon node's location Revised Hata Okumara path loss model [19] is used (8). 

𝑙𝑜𝑔𝐷𝑖=
1

10ƞ
[𝑃𝑡 − 𝑃𝑟𝑖 + 𝐺𝑡 𝜃, 𝜙 +  𝐺𝑟 𝜃, 𝜙 − 𝑋𝑎 + 20𝑙𝑜𝑔λ − 20log(4𝜋)]……. (8) 

 

Where 𝐷𝑖 →distance between the target node to all beacon nodes (𝑋𝑡 , 𝑌𝑡 ,𝑍𝑡) and𝑖𝑡ℎ  Beacon node (𝑥𝑖 , 𝑦𝑖) 

𝐺𝑡 𝜃, 𝜙 (𝑑𝐵𝑖) → Transmit antenna gain  

𝐺𝑟 𝜃, 𝜙 (𝑑𝐵𝑖) →Receiver antenna gain  

𝑃𝑡 𝑑𝐵𝑚 →Target node transmit power 

𝑃𝑟𝑖 (𝑑𝐵𝑚) → Measured received power at 𝑖𝑡ℎ  beacon position 

𝜂 → Measure of influence of obstacle like partitions and obstacles in indoor environment ranges from 4 to 5 and 

for free space it is equal to 2. 

𝑋𝑎 → Normal random variable with standard deviation of α and varies from 3dB to 20dB. 

 

Table: 1Path loss model parameter values used for simulation 

Parameter Value 

𝑃𝑡  -03 𝑑𝐵𝑚  

𝑋𝑎  3(dB) 

Λ 0.1250(meters) 

𝜂 2.50 

 

Simulation setup: 

For simulation purpose we considered area of 7m*7m, number of beacon nodes are 1000 which are 

placed at random locations. All beacon nodes are placed on 2D plane with random azimuth angle. We 

considered all target nodes and beacon nodes are equipped with half wave dipole antenna. Along with this setup 

10 target nodes are considered which are placed at different 3D locations. Considered number of groups are 

M=10 and considered maximum height is 𝐻𝑚𝑎𝑥 =7m which is maximum height of the considered target nodes. 

To calculate average received power of beaconnodes under the target node, a circle with radius r=0.5m which 
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centered at estimated 2D location is considered. TABLE: 1 shows path loss model parameters considered for 

simulation. 

 

IV. Results analysis 
Estimated location error with different heights is plotted in Fig.4. Actual, estimated locations are tabulated in 

Table II. 

 
Fig. 4: Predicted location errorVsheight of the target nodes 

 

Table II: Estimated and actual location of the sensor node at different heights 
Actual locations(m) Estimated locations(m) 

𝑋𝑡  𝑌𝑡  𝑍𝑡  𝑋𝑒  𝑌𝑒  𝑍𝑒  

0 0 1 0.2 0 0.7 

1 2 2 1 1.7 1.4 

2 3 2.5 2 3 2.1 

4 1 3 4.1 0.9 2.8 

3 3 3.25 3 3 3.5 

6 6 4 6 6 4.9 

3.5 1.5 5 3.5 1.6 5.6 

4 2 6 4 2 6.3 

2 4 7 2 4 7 

5 2 3.75 5.1 2 4.2 

 

The error of the estimated 3D location of the target node to actual location of the target node is calculated by 

using equation (9). 

𝐸𝑟𝑟 =   𝑋𝑡 − 𝑋𝑒 
2 + (𝑌𝑡 − 𝑌𝑒)2 + (𝑍𝑡 − 𝑍𝑒)2 

 

Where(𝑋𝑡 ,𝑌𝑡𝑍𝑡) →target node real location. 

 (𝑋𝑒 , 𝑌𝑒 , 𝑍𝑒)→target node estimated location. 

Estimated average error for 10 different locations with 10 different heights given in TABLE II is 0.4196m. 

 

V. Conclusion 
In this paper we proposed an antenna radiation pattern based 3D localization algorithm for estimating 

the 3D location of sensor node in a sensor network. The simulation results show that the proposed algorithm 

gives less average error (<0.495m) in estimating 3D location of target node compared to its actual location. 
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