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Abs tra c t@ Localization o+ ,obile/ 0ireless de4ices is a proble, o+ great practical interest as it can be 

used to support 0ireless sensor net0orks and per4asi4e co,puting applications. :;e si,plest 

,et;odology to pro4ide localization in+or,ation is based on t;e RSSI obtained from the 

communications of wireless devices. We consider RSSI on IEEE 802.15.4 radios and we present the 

results of a ,easure,ent ca,paign 0;ic; s;o0 t;at t;e classic ,odel @log-nor,alB used to ,odel 

signal strengt; is not accurate enoug;. Ce t;us propose a t0o-ray propagation ,odel t;at better 

describe t;e pat; loss attenuation/ not only +or unobstructed outdoor en4iron,ent but also +or an 

en4iron,ent 0it; t;e presence o+ lo0-position obstacles. 
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Localization o+ ,obile/ 0ireless de4ices is a proble, o+ great practical interest/ 0;ose applications 

range +ro, localization o+ data sensed by 0ireless sensor net0orks @CSDsB E1G to t;e support o+ conteHt 

a0are applications in per4asi4e co,puting E8G. 

:;ere are a nu,ber o+ tec;niJues to ac;ie4e localization o+ 0ireless de4ices. The most immediate 

solution is to use a GPS receiver. However such solution is often not applicable in many applications 

due to GPS receivers cost, power consumption and size requirements. It may also fail to work in 

environments where the GPS signals is not available (e.g., indoor or if obstacles prevent reception). A 

cheaper (and in some cases more feasible) alternative is to approximate the real coordinate of the 

mobile device according to some localization algorithm where only a few N,rF:F88"-?=>/r8"?/GF8 have 

GPS receivers and the mobile device uses radio-based communication protocols and connectivity 

information to derive its approximate position. Localization algorithms can be classified according 

their usage of ranging techniques to measure relative distance/position from anchor nodes. These 

techniques include: 

! Received Signal Strength Indicator (RSSI) : the mobile device estimates its distance from a signal 

source on the basis of measured received power, known transmit power and a propagation power 

loss model; 

! Time Difference of Arrival (TDoA) : the mobile device measures the difference of arrival times of 

two simultaneously sent messages. The two messages use different communication mediums so 

they have different propagation times (radio and ultrasound are commonly used [9]). This 

technique may suffer from non line of sight effects and requires special hardware. 

! Angle of Arrival (AoA) : the devices uses antenna arrays to measure the angle of arrival of 

received messages. This method only provides bearing information but can nevertheless be used to 

help in localizing nodes. The drawback of this technique is that it requires costly, large and power 

demanding antennas. 

Klearly t;e localization ,et;odology based on RSSI is t;e ,ost +leHible since it does not reJuire 

special ;ard0are and can be i,ple,ented 4ia so+t0are on ,any eHisting 0ireless de4ices. 

In t;is paper consider localization o+ 0ireless de4ices based on RSSI and IEEE 802.15.4 radio E10G. 

:;is because t;is standard +or 0ireless co,,unications ;ad been designed to i,ple,ent 0ireless 

net0orks o+ sensors and actuators/ and it is eHpected to pro4ide support to +uture CSDs and per4asi4e 

co,puting applications. Qore speci+ically 0e present t;e outdoor rural ,easure,ent ca,paign conduct 

by using QicaR 0ireless sensor nodes 0;ic; use an IEEE 802.15.4 radio. Our RSSI ,easure,ents 

;a4e s;o0n t;at t;e classic ,odel @log-nor,alB used +or t;e localization purposes/ is not accurate 

enoug;. Ce propose a ,odel based on 0ireless sensor ,easure,ent @t0o-ray propagation ,odelB t;at 

better describe t;e pat; loss attenuation/ not only +or unobstructed outdoor en4iron,ent but also +or an 

en4iron,ent 0it; t;e presence o+ lo0-position obstacles. 
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We detail the differences between three propagation models for predicting the power level at the receiver, 

namely the two-ray propagation model (hereafter referred to as 2RM), its double regression 

approximation and the log-normal propagation model.  
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ns-2 [C] (in fact a double regression model) adopts the double regression model, with the break point set 
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The double regression model approximates 2RM with a piecewise-linear function having two slopes of 

-20 and -C0 dBHdecI however, the higher the freJuency, the less this approximation is accurate. 

Kn Figure 2 2RM and its double regression approximation are superimposed for two different signal 

freJuencies. For a GSM freJuency of 900 MHz, compatible with those considered in [3], the maximum 

error is 1C dB, which is the distance between the deepest dip and the -20dBHdec segmentI the dip occurs 

at a distance of Tm, and the path loss there is the same as at 32m. Kn the case of wireless sensor 

network (WSU) at 2.CGHz, the maximum error is 2CdBI the dip occurs at a distance of 1Tm, and the 

path loss there is the same as at 1V0m. These numbers indicate that the approximation error is more 

significant at WSU freJuency than at GSM freJuency. Moreover, the higher the freJuency, the higher 

the number of dips, which are not modelled by the piecewise-linear double regression model. 
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Another popular statistical propagation model used to estimate the distance between the nodes [11] is 

the log-normal propagation model described as 

 

P"r dB[ ] # P! dB[ ] !"!" #&'(#d $d!%  

 

where  P 
r

dB! "  is the mean power, !
dB

!
 is the variance of the shadowing, !

!
"#! "  is the received power 

in dB at a reference distance d
0
, !  is the distance between transmitter and receiver, and !  is the path-

loss exponent. The path loss exponent measures the rate at which the received signal strength decreases 

with distance, it depends on the specific propagation environment but is generally within 2 and 4. 
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Figure 2. Comparison between 2RM at WSN and GSM frequencies for !
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not accurate enough and we have thus proposed a two-ray propagation model that better describe the 

path loss attenuation, not only for unobstructed outdoor environment but also for an environment with 

the presence of low-position obstacles. Table 1 shows the error localization position using the classical 

log-normal model and the proposed 2RM. Future works include the analysis of RSSI in indoor 

environments in presence of walls and complex obstacles. !
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