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Introduction

® \Wireless Sensor Networks are formed by a large number of sensor nodes where each node is equipped with a sensor to detect environmental or physical phenomena.

® Simulators are fundamental tools for desighing and simulating WSNs. Simulators require accurate and fast modeling of the radio propagation channel especially when
considering large-scale networks.

® Here, we present a brief survey of the most famous physical and empirical outdoor propagation models suitable for WSNs along with their propagation environment,
\assumptions, and restrictions. /

Most Used Radio Propagation Models For WSNs

Free Space Model et
Considers only the line-of-sight path loss. . L :path loss in dB.
No oll)stacles r}llearb 1that Colugld CI;use reflections or diffractions L [dB] =201 4 x11d Gt-G - d : distance between the transmitter and the receiver.
y o Og( J) ) B B . G, G, : transmitter and receiver antenna gains in dBi.
Adapted Free Space Model . A wavelength.
Considers only the line-of-sight path loss. 4xT1
_ n . n : the path loss exponent of
Uses an empirical value for the path loss exponent n according L [dB] =10 log( 7 )= d & P Xp
to the propagation environmentf1}. ...
Simplified Two-Ray Ground Reflection Model . h;, h, : transmitter and receiver antenna heights
Considers the line-of-sight path + the ground reflected path. d2 . Py:received power.
Assumes a large distance d between the transmitter and the re- L [dB] = 20 log( ) . Py transmit power.
ceiver (d >> h; h,), and perfect reflection coefficient (T = -1)[2]. hehy. : ;/ . dlstalnce t:iletween the transmitter and the receiver.
. A wavelength.
Two-Ray Ground Reflection Model , | () 2 . T ground reflection coefficient.
Considers the line-of-sight path + the ground reflected path. Fr(d) = Py( )2 —exp(-jkr)+ exp (-jk 1) . K= 2Tf/c: wavenumber.
Considers the real ground reflection coefficient|3] . 4xI1d |1 ) . Iy, Iy:direct and reflected path lengths.
Free Outdoor Model (FOM) : ZL:.anil: ;)ifincidencbe (t)f the gdr.ountd ra;/ .
Considers the line-of-sight path + the ground reflected path. p - ' paﬁ?: Tierente betweeh Cirett ahd reriecte
' - ici S P R ) = '
Considers the. real ground reﬂectlon coefficient. ~ Pr(d)=Py( ) (K1 + K51+ 2K )T cos(—AL) + X5 (Pr) | K, K,: coefficients to represent the difference in the
Adds a Gaussian random variable X, to represent the uncertain- 4xI1d A

antennas’ gain, along the direct and reflected paths

Includes the f K1 K2 h diats respectively, due to the antennas’ radiation pattern.
ncludes the factors (K1,K2) to represent the antenna radiation X,(Pr): a Gaussian distribution with a mean of Pr and a

pattern gains along the direct and reflected paths[4]. variance of 6.

ty of the estimated received level.

Two-Slope Log Normal Shadowing Model , g
One-slope Log-Normal shadowing model is a general extension L(dy) +10ny log(—>) + Xq, »di <dp . dy.breakpoint distance that separates the two slopes.
to the free space model. It estimates the path loss for a wide L(d;) =+ db . . L(dp): path loss in dB at a distance d,, .
range of environments using some typical values of path loss L(dy.1) + 101, log(——) + X, .d; > dp . L(dh): pf:\th loss in dB at a distance d; .
exponents and shadowing deviations o . \ dpiq n., Ny : path loss exponents before and after the
When nodes are placed close to the ground, it was proven that breakpoint distance.
using the log-normal model with two different slopes and devi- ¢, = 4y Iy . Xs: @ zero-mean Gaussian random variable with a

tion values gives more accurate estimations [5]. A standard deviation of .

=20

/ Simulation Results and Analysis \

. “Free Space Model (n = 2)
. -45 - Adapted Free Space Model (n = 2.2} | - ) S S S A R S S SO S S .
®Figure 1 compares between the free space model and the adapted free space model, _|\ d j:' _______ I
the adapted model introduces 2 more dB/decade of loss because of the higher value of =\ ~ L T
S ol \ viaos - TP SN S NNNNR NN SNPRN OO SUUIOS SUUOUR SOV OO
the path loss exponent. 4 N -l N A A
. . . N RS - e e e e = T
®Figure 2 shows the simulation results for the simplified two-ray model, the results con- | Loy DN T s = O O O T ht—o 2 m
: : . ] . =<. A e L r=U.
firm that for near ground scenarios, it is expected to have higher attenuation. Tl F=24GH; [T £ AGHz
. . . . distance in meter distance in m
®Figure 3 shows the simulation results for the Free Outdoor Model where the direct and  Figure 1 : Free space model vs Adapted Free Space model Figure 2: Simplified two-ray ground reflection model
the reflected rays add up constructively when the two rays are in phase, or destructive- >~ ————————+ b — |
ly When the two rays are out of phase. The red points around the Free Outdoor Model | | e e s vaatiny |1 O s

: :Z:g::i | ht=1.0 m
gatnz=1% | h =1.0m
n;=1.52 , 01 = 2.49

” Frequency = 2.4 GHz

curve represent the uncertainty range or the margin of error that was introduced by ™
the Gaussian distribution.

ht=15m

pathloss in dB
pathloss in [dB]
=

o Ki=K; =1 AR | D
® Figure 4 shows the simulation results of the two-slope model (the first slope value = = h=1.5m | ';be;;r;fz = 1.8
15.2 dB/decade, while the second slope value = 37.4 dB/decade ). The two slopes are = | h=1.5m i f=2.4GHz
separated at the breakpoint distance = 32 m. The red points represent the variations of ™ % % & o w © w @ w f=24GHz oo e e e e e
\ie received power for the first piece of the model while the black points represent the  Figure 3: Free Outdoor Model Figure 4: Two-slope log-normal shadowing model J
ariations of the received power for the second piece of the model.
4 N\ )
Conclusion ACKNOWLEDGMENTS
1.We have presented a survey of the most commonly used propagation models for WSNs. Our thanks to the French National Re-
2.Simulation results showed different behaviors for each model. Comparing the results of the presented models would be search Agency ANR which supports the
S somehow inaccurate because each model assumes particular propagation conditions. U research project “PERSEPTEUR”™. y

Sommer C., Eckhoff D., German R., and Dressler F.. 2011. A computationally inexpensive empirical model of IEEE 802.11p radio shadowing in urban environments. 2011 Eighth International Conference, Bardonecchia, Pages: 84 — 90.
]Christoph S. and Falko D. 2011. Using the Right Two-Ray Model? A Measurement-based Evaluation of PHY Models in VANETs. Proceedings of 17th ACM International Conference on Mobile Computing and Networking (MobiCom 2011),

]Kloos G., Guivant J.E., Nebot E.M., and Masson F. 2006. Range Based Localisation Using RF and the Application to Mining Safety. Intelligent Robots and Systems, 2006 IEEE/RSJ International Conference, Beijing, Pages: 1304 - 1311

]Stoyanova T., Kerasiotis F., and Prayati A. Papadopoulos, G. 2009. A Practical RF Propagation Model for Wireless Network Sensors. Sensor Technologies and Applications Conference, 2009. SENSORCOMM '09, Athens, Glyfada, Pages: 194-199.
]|Daihua W,, Linli S., Xiangshan K., and Zhijie Z. 2012. Near-Ground Path Loss Measurements and Modeling for Wireless Sensor Networks at 2.4 GHz. International Journal of Distributed Sensor Networks. Volume 2012 (2012), 10 pages

DD WN R




