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1Abstract—Localization or position determination is one of 

the most common applications for the wireless sensor 
networks. Many investigations have been made during the last 
decade, most of the effort being concentrated in the direction of 
improving the accuracy of the positioning results by using 
complex filtering and correction algorithms, and other 
techniques such as radio maps or directive antennas for the 
reference nodes. The most common sources of errors include 
reflections on nearby objects, radio frequency noise, and 
variable characteristics of the communication channel. In the 
vast majority of cases, several assumptions have been made in 
order to simplify the computing algorithms or the complexity 
of nodes, and finally their cost. The omnidirectional radiation 
pattern of the node antennas is such an assumption. In this 
paper we investigate theoretically and validate by 
measurements the influence of the radiation pattern on the 
localization accuracy of a wireless sensor node network. By 
taking into consideration the orientation of nodes, which could 
be provided by a local digital compass on each node, we 
demonstrate that the position accuracy could be improved with 
a minimum of resources. All measurements were made in radio 
emissions controlled environment - a semi-anechoic chamber, 
without affecting the generality of the proposed solution. 
 

Index Terms—wireless sensor node, radiation pattern, 
positioning accuracy, error correction, received signal strength 
indicator 

I. INTRODUCTION 
Determining the location of nodes is one key application 

of Wireless Sensor Networks (WSN), for both civil and 
military use. The accuracy of such systems has been 
extensively studied in recent years, the main sources of 
errors being identified and analyzed in open space test-beds 
and in controlled or even isolated environments. Most of the 
problems are generated by the propagation medium, 
especially by the interferences with other devices operating 
in the same frequency spectrum band. A significant 
contribution to reduced localization accuracy has the 
propagation channel fading, as the received signal strength 
fluctuates due to multipath propagation, the presence of 
obstacles and shadowing, reflections and scattering [1]. 

Specially designed antennas, filtering algorithms and 
other techniques have been developed and proposed in order 
to increase the localization accuracy [2-5]. More complex 
solutions include pattern recognition techniques and are also 

an alternative [3]. 
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Some of the correction techniques may be implemented in 
nodes, while the others have to be at the control computer 
level. As the sensor nodes are essentially battery powered, 
the lifetime of a node being crucial in all practical cases, 
complex algorithms in nodes are not the best solution. Also, 
adding electronics components such as GPS receivers is 
impossible. Every piece of hardware or software added to a 
sensor node reduces its working period, and hence the need 
to be carefully evaluated from this perspective. 

Generally, even every node has an omnidirectional 
antenna, but the measurements on the radiation pattern 
indicate the radiation pattern is far from a circular form. 
Even so, in almost all cases presented in the literature, the 
nodes are assumed to have an ideal omnidirectional 
radiation pattern [6-18]. 

Previous works dealing with the subject propose some 
solutions to correct this by modifying the node PCB layout 
or even by using multiple or directional antennas [4, 12]. 
Based on this observation, we made a series of 
measurements in order to evaluate the real influence of the 
radiation pattern characteristics on distance determination. 

Instead of trying to correct the radiation pattern, we 
propose a way to take into account the real measured values 
in all future determinations and correct the ranging values 
considering the previously measured values. 

II. LOCATION DETERMINATION 
The first step for determining the location of a node is to 

find the distances between the respective node, assumed to 
be mobile, and some other nodes, assumed to be fixed. This 
is the so-called ranging phase. There are two methods for 
measuring the distance, based on the received signal 
strength or on the propagation time measurement. 
Measuring the received signal strength RSSI (Received 
Signal Strength Indicator) is one of the most commonly used 
methods. 

The formula of the RSSI includes factors like: the 
propagation constant or propagation exponent, and the 
received signal at a distance of 1 meter: 

 
= − +    (1) 

where: 
 
n = propagation constant or propagation exponent and 

depends on the propagation environment; 
d = distance between the sender and the receiver; 
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A = received signal at a distance of 1 meter between the 
nodes. 

Most applications require 2D location of objects, while 
3D information may be useful in some special cases. 
Trilateration may be used to determine the position of a 
mobile node if the distances to other three fixed nodes, 
considered as reference nodes, are known (Fig. 1).  

 
Figure 1. Distance range based localization a) Trilateration and b) 
Multipateration 
 

Multilateration implies more references nodes and may 
reduce the mobile node position uncertainty, depending on 
the accuracy of the distances measurement. 

III. TEST SETUP AND RANGE MEASUREMENTS 
We used for range measurements a setup made of a fixed 

control node and a mobile node, the mobile node being at a 
constant distance from the fixed control node and rotating 
360 degrees on its own axis. 

 
 

 
a) 

 

 
b) 

Figure 2. The test setup in the anechoic chamber with the mobile node on 
the turntable and the fixed control node on the mast 
 

 

The nodes are equipped with CC2431 from Texas 
Instruments and placed into an isolated environment made 
of a 3m test distance semi-anechoic chamber. The mobile 
node on the turntable has been maintained at a fixed 
distance of about 3 meters from the fixed node and rotated 
360 degrees on a horizontal plane, at about 0.8 meters above 
the ground. 

 

 
Figure 3. One of the mobile sensor nodes used for radiation patterns 
measurements  

The RSSI signal calculated at the fixed node has been 
recorded for each 15 degrees of turntable rotation (Fig. 4).  

 
Figure 4. The RSSI pattern for one node (black) and the theoretical RSSI 
calculated from the distance between nodes 
 

The calculated distances from the determined RSSI values 
are graphically represented in Fig. 5: 

 

 
Figure 5. The real calculated distance from the RSSI measurements (black) 
and the real distance (grey) 

 

As one may observe in Fig. 6, the differences between the 
real distance and the calculated ones based on the measured 
RSSI are, for some angles, affected by considerable errors. 
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Figure 6. The values of the measured RSSI, calculated distances and the 
differences between them and the real values (Angle is in degrees, 
Measured, practical and Difference are in dBm, Calculated Distance and 
Real Distance are in meters) 
 

 

From the table in Fig. 6, we may extract the value of the 
 value as: CorrectionRSSI

 

Correction Measured PracticalRSSI RSSI RSSI= −  (2) 
 

and use it in future range measurement. 
 

Most of WSN sensor nodes have a 1/4 wavelength 
antenna (including the ones in our experiment), mounted on 
the same board as the electronics. The radiation pattern is 
the same as of a 1/2 wavelength dipole antenna with an 
omnidirectional radiation pattern. Due to the presence of the 
electronics on the electronics board, the radiation pattern is 
distorted, meaning the transmitted and received power is not 
the same for all board orientations. Even for identical nodes, 
with the same hardware components, PCB layout and 
antennas, the radiation patterns are not the same, differences 
of 5dBm to 15dBm being common, as in Fig. 7: 

 

 
Figure 7. The RSSI values received for different six nodes, each of them 
being successively placed at a fixed distance from the measuring node and 
rotated 360 degrees 

 

A relevant source of errors is the polarization mismatch 
due to misalignment of antennas. For all measurements, the 
sensor nodes were placed on the same horizontal plane, with 
their antennas kept in a vertical position. In a future 
investigation one may consider this as another source of 
errors. 

IV. RADIATION PATTERN ERROR CORRECTION 
As the node antenna radiation pattern is not circular, for 

the one-dimensional case and only for distance 
determination, a very simple idea is to measure the antenna 
characteristics and the differences between the measured 
values and the theoretical ones stored in a file, at the central 
network computing node of the WSN network. This may be 
done for all network nodes, in standard and repeatable 
technical conditions. For future measurements, the recorded 
errors could be used for correcting the measured RSSI 
values. 

 

Corrected Measured CorrectionRSSI RSSI RSSI= −  (3) 
 

CorrectedRSSI  being used for calculating the distance. An 
example for one node may be seen in Fig. 8. The 
"Correction" column contains the error information, taken 
the initial measurement of the node, from Fig. 6. 

 

 
Figure 8. The values of the measured RSSI, calculated distances and the 
differences between them and the real values (Angle is in degrees, 
Measured, Practical and Correction are in dBm, Calculated Distance and 
Real Distance are in meters) 
 

The graphical representation of the corrected distance, 
based on the values in Fig. 8 may be seen bellow: 

 
Figure 8. The real calculated distance from the RSSI measurements (black) 
and the real distance (grey) 

 

Even the measurement setup was the same, the calculated 
distance from the RSSI level is more accurate than the 
uncorrected one. 

In real applications, in order to make use of this error 
correcting information, each node has to know its relative 
orientation. The simplest way to do this is to integrate a 
compass sensor on each node, and the angle information 
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relative to the North-South be transmitted to the central 
node. 

An integrated compass sensor that suits our scope is the 
HMC6052 from Honeywell [19]. The power consumption of 
the sensor and the auxiliary circuitry is around 15mA in 
continuous operation mode. However, the sensor may be 
powered only for a few milliseconds for each individual 
measurement, the overall WSN node autonomy being 
insignificantly affected. In terms of accuracy, the HMC6052 
is able to deliver angle information as voltage, the 
microcontroller's ADC accuracy being the main limitation. 
It uses three digital output lines and two analog inputs for 
interfacing with the node's microcontroller. For a one degree 
resolution, sufficient for any WSN practical application, a 
10 bit conversion is enough. 

V. FUTURE WORK 
In order to take full advantage of the method presented in 

this paper, it is mandatory to characterize completely the 
node antenna, in 3D. Even for 2D localization projects, the 
radiation pattern may influence the initial ranging operation, 
and thus affect the precision of the system if the nodes are 
not all of them in the same plane. Other sensors may need to 
be integrated on the node in order to measure the angle of 
inclination of the node plane relative to the ground. 

VI. CONCLUSION 
Based on observations, confirmed by extensive practical 

measurements, the antenna radiation pattern is not the same 
for all WSN network nodes, even if they are identical from 
the point of view of mechanical and electrical 
configurations. We demonstrated that the range error could 
be reduced if a correction factor is taken into account for 
every node. The characteristics of each individual node may 
be determined just after it was produced and before supplied 
to end users, the same way the antenna factor for 
professional antennas is measured, recorded and delivered in 
a so-called calibration certificate. By considering the 
radiation pattern irregularities, the error in the distance 
computed from the RSSI could be easily reduced by 15 to 
95%. In order for the sensor network to make use of the 
correction factor of nodes, each node must be supplementary 
equipped with an electronic compass, thus increasing the 
manufacturing cost and the power consumption by a very 
small percent.  

REFERENCES 
[1] P. Padilla, J. Camacho, G. Maciá-Fernández, J. E. Díaz-Verdejo, P. 

García-Teodoro, and C. Gómez-Calero, “On the Influence of the 
Propagation Channel in the Performance of Energy-Efficient 
Geographic Routing Algorithms for Wireless Sensor Networks 
(WSN),” Wireless Personal Communications, vol. 70, no. 1, pp. 15–
38, May 2012. doi: 10.1007/s11277-012-0676-5 

[2] S. Joana Halder and W. Kim, “A Fusion Approach of RSSI and LQI 
for Indoor Localization System Using Adaptive Smoothers,” Journal 

of Computer Networks and Communications, vol. 2012, pp. 1–10, 
2012. doi: 10.1155/2012/790374 

[3] J.-A. Jiang, C.-L. Chuang, T.-S. Lin, C.-P. Chen, C.-H. Hung, J.-Y. 
Wang, C.-W. Liu, and T.-Y. Lai, “Collaborative Localization in 
Wireless Sensor Networks via Pattern Recognition in Radio 
Irregularity Using Omnidirectional Antennas,” Sensors, vol. 10, no. 1, 
pp. 400–427, Jan. 2010. doi: 10.3390/s100100400 

[4] M. Malajner, P. Planinsic, and D. Gleich, “Angle of Arrival 
Estimation Using RSSI and Omnidirectional Rotatable Antennas,” 
IEEE Sensors Journal, vol. 12, no. 6, pp. 1950–1957, Jun. 2012. doi: 
10.1109/JSEN.2011.2182046 

[5] Z. Yang, Y. Liu, and X.-Y. Li, “Beyond Trilateration: On the 
Localizability of Wireless Ad Hoc Networks,” IEEE/ACM 
Transactions on Networking, vol. 18, no. 6, pp. 1806–1814, Dec. 
2010. doi: 10.1109/TNET.2010.2049578 

[6] C.-Y. Shih and P. J. Marrón, “COLA: Complexity-Reduced 
Trilateration Approach for 3D Localization in Wireless Sensor 
Networks,” 2010, pp. 24–32. doi: 10.1109/SENSORCOMM.2010.11 

[7] M. Barralet, X. Huang, and D. Sharma, “Effects of antenna 
polarization on RSSI based location identification,” in Proceedings of 
the 11th international conference on Advanced Communication 
Technology - Volume 1, Piscataway, NJ, USA, 2009, pp. 260–265. 
ISBN: 978-8-9551-9138-7 

[8] Xu Huang, Mark Barralet, and Dharmendra Sharma, “Accuracy of 
Location Identification with Antenna Polarization on RSSI,” 
Proceedings of the International MultiConference of Engineers and 
Computer Scientists, 2009. ISBN: 978-988-17012-2-0 

[9] Dimitrios Lymberopoulos, Quentin Lindsey, and Andreas Savvides, 
“An Empirical Characterization of Radio Signal Strength Variability 
in 3-D IEEE 802.15.4 Networks Using Monopole Antennas,” LNCS 
3868, Springer-Verlag, vol. EWSN 2006, pp. 326–341, 2006.  

[10] Sungwon, Yang and Hojung, Cha, “An Empirical Study of Antenna 
Characteristics Toward RF-Based Localization for IEEE 802.15.4 
Sensor Nodes,” LNCS 4373, pp. 309–324, 2007. ISBN: 978-3-540-
69829-6 

[11] Baoli Zhang and Fengqi Yu, “A Feasible Localization Algorithm for 
Wireless Sensor Networks Using Directional Antenna,” 2010, pp. 
354–361. doi: 10.1109/HPCC.2010.93 

[12] M. Holland, R. Aures, and W. Heinzelman, “Experimental 
investigation of radio performance in wireless sensor networks,” 
2006, pp. 140–150. doi: 10.1109/WIMESH.2006.288630 

[13] T. H. Loh and M. Collett, “Radiation pattern characterization of 
embedded radios emitting modulated signals,” in 2012 19th 
International Conference on Microwave Radar and Wireless 
Communications (MIKON), 2012, vol. 1, pp. 80 –84. doi: 
10.1109/MIKON.2012.6233479 

[14] J. Graefenstein, A. Albert, and P. Biber, “Radiation pattern correlation 
for mobile robot localization in low power wireless networks,” 2009, 
pp. 3545–3550. doi: 10.1109/ROBOT.2009.5152379 

[15] K. S. Jin, J. C. McEachen, and G. Singh, “RF Characteristics of Mica-
Z Wireless Sensor Network Motes,” in 49th IEEE International 
Midwest Symposium on Circuits and Systems, 2006. MWSCAS  ’06, 
2006, vol. 2, pp. 100 –104. doi: 10.1109/MWSCAS.2006.382218 

[16] S. Mazuelas, A. Bahillo, R. M. Lorenzo, P. Fernandez, F. A. Lago, E. 
Garcia, J. Blas, and E. J. Abril, “Robust Indoor Positioning Provided 
by Real-Time RSSI Values in Unmodified WLAN Networks,” IEEE 
Journal of Selected Topics in Signal Processing, vol. 3, no. 5, pp. 
821–831, Oct. 2009. doi: 10.1109/JSTSP.2009.2029191 

[17] S. Genchev, P. Venkov, and B. Vidolov, “Trilateration Analysis for 
Movement Planning in a Group of Mobile Robots,” in in Artificial 
Intelligence: Methodology, Systems, and Applications, vol. 5253, D. 
Dochev, M. Pistore, and P. Traverso, Eds. Berlin, Heidelberg: 
Springer Berlin Heidelberg, pp. 353–364. doi: 10.1007/978-3-540-
85776-1_30 

[18] K. Langendoen and T. Voigt, Wireless Sensor Networks: 4th 
European Conference, EWSN 2007, Delft, The Netherlands, January 
29-31, 2007, Proceedings. Springer, 2007. ISBN: 978-3-540-69829-6 

[19] ***, “Integrated Compass Sensor HMC6052.” Honeywell, 2005. 
 

 

 46

[Downloaded from www.aece.ro on Friday, March 29, 2024 at 00:51:24 (UTC) by 44.203.235.24. Redistribution subject to AECE license or copyright.]


