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Abstract. Current problem in real life WSN deployment is 
determining fade depth in indoor propagation scenario for 
link power budget analysis using fade margin parameter. 
Due to the fact that human presence impacts the 
performance of wireless networks, this paper proposes 
a statistical approach for shadow fading prediction using 
various real life parameters. Considered parameters within 
this paper include statistically mapped human presence 
and the number of people through time compared to the 
received signal strength. This paper proposes an empirical 
model fade depth prediction model derived from a com-
prehensive set of measured data in indoor propagation 
scenario. It is shown that the measured fade depth has high 
correlations with the number of people in non-line-of-sight 
condition, giving a solid foundation for the fade depth 
prediction model. In line-of-sight conditions this cor-
relations is significantly lower. By using the proposed 
model in real life deployment scenarios of WSNs, the data 
loss and power consumption can be reduced by the means 
of intelligently planning and designing Wireless Sensor 
Network. 
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1. Introduction 
Signal fading presents a recurring problem for reliable 

wireless communication. It affects system’s performance 
and must be taken into consideration for real life deploy-
ment of Wireless Sensor Networks (WSNs). In wireless 
communications, fading is a deviation of the attenuation 
that a carrier-modulated telecommunication signal experi-
ences over certain propagation media. Fading varies with 
time, geographical position and/or radio frequency and is 
modeled as a random process. Fading can be caused by 
multipath propagation, so called multipath fading, or 
caused by shadowing from obstacles present on the radio 
path, sometimes referred to as shadow fading [1]. In this 

paper we discuss shadow fading caused by human presence 
and its impact on WSN signal propagation. 

An accurate estimation of fade depth is of great im-
portance upon designing reliable Wireless Sensor Network. 
Due to the fact that numerous parameters can contribute to 
the loss of signal power at the receiver’s side (i.e. Radio 
irregularity, impact of other wireless equipment, the pres-
ence of obstacles in the propagation path and others) this 
paper proposes the use of fading margin for real life WSN 
deployment. Most of the models for signal fading predic-
tion used in the microwave wireless link budget analysis 
are mainly empirical in nature and often rely on extensive 
measured data [2]. Our approach is transformed into 
Wireless Sensor Network budget analysis proposed by this 
paper. On the other hand, the existing models include ag-
gregate effects of different fading mechanisms and do not 
allow for any insight into relative importance of these 
mechanisms. In this paper the fading mechanisms are ex-
plained through a statistical point of view. This is sup-
ported by various papers where authors emphasize the 
impact of radio irregularity from human presence [4], [5].  

From an empirical point of view the impact of human 
presence could be shown in correlation with the drop in 
received signal strength of the receiving node. This is 
demonstrated throughout extensive set of measurements. 
The magnitude of the signal drop is examined versus the 
number of people in a designated area. Further on, by 
examining the statistical nature of the data, this paper pro-
poses the human presence factor, describing the number of 
people occupying an area within the signal propagation 
path. By comparing human presence against the magnitude 
of the received signal drop it is possible to determine the 
fading margin for the given communication link. Further 
on, by implementing WSN budget link analysis it is possi-
ble to reduce transmit power of the WSN sensor nodes thus 
reducing the overall consumption of the sensor nodes. 
Consequently, possible side effects of electromagnetic field 
on human health are reduced accordingly. 

In the following Section, the related work and the 
fading margin RF budget link analysis are described. In 
Section 3 testbed for statistical analysis and RF analysis is 
presented, whereas Section 4 proposes an empirical model. 
Section 5 gives the conclusion. 
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2. Fade Depth Prediction in WSN 
Shadow fading is a phenomenon that occurs when 

a mobile receiver moves behind an obstruction and experi-
ences a significant reduction in signal power (Fig. 1). On 
the other hand, in stationary WSN shadow fading occurs 
when an obstacle gets positioned between the wireless 
device and the signal transmitter. This interference causes 
significant reduction in signal strength because the wave is 
shadowed or blocked by the obstacle [6], [7].  

 
Fig. 1. Signals experience fading during transmission. 

Obstacles such as buildings and mountains reflect or 
absorb the signals. 

When analyzing the impact of shadow fading in 
Wireless Sensor Networks, one of the most important sce-
narios for WSN deployment is the indoor scenario. Here 
the nodes are distributed inside of a building or a building 
complex where various factors influence the RF propaga-
tion.  

Since WLAN (Wireless Local Area Networks) net-
works and WSN networks operate within the same ISM 
band of 2.4 GHz, the same principles for WLAN apply for 
the WSN, only difference being the different bandwidth of 
RF channels [9], [10]. According to [8], the RF propaga-
tion path of a WLAN network crosses various obstacles 
(furniture, people etc.) resulting in net effect that is 
an attenuation caused by static obstacles and a more vary-
ing signal due to moving obstacles such as moving people. 
As a consequence, there are rapid and frequent transitions 
between (LOS) line-of-sight and (NLOS) non-line-of-sight 
conditions, causing a variation in the statistics of fast fad-
ing, which is closely associated with the shadowing proc-
ess. The characteristic of shadowing caused due to moving 
people resembles fast fading in propagation environments. 
From the modeling point of view, it is more convenient to 
treat people shadowing and narrowband fast fading as 
a single entity – a closely coupled process, in which the 
parameters of fading and shadowing are time-varying.  

2.1 Related Work 

Related work on the subject of fade depth prediction 
varies extensively throughout the literature. The most 
common use of fade depth prediction is for the purpose of 
RF link budget analysis [2]. The most common use of RF 
budget analysis encompasses the planning of microwave 
RF links.  

Due to the interesting approach of using fade margin 
for network planning, the same principle could be applied 
to the Wireless Sensor Network area of research. Accord-
ing to [3], the authors present an approach of modeling 
a WSN according to RF budget link analysis and fade mar-
gin parameter for 915 MHz band. The proposed work en-
compasses the overall impact of multipath and shadow 
fading in order to calculate fading depth and accordingly 
the minimum transmit power of a node. On the other hand, 
no correlation of human presence with the drop of received 
strength is shown. 

Further on, the authors in [4] and [5] express the im-
pact of human presence on the RF propagation of a Wire-
less Sensor Network. The paper evaluates the performance 
in indoor line-of-sight (LOS) and non-line-of-sight 
(NLOS) conditions through a detailed analysis of Received 
Signal Strength Indicator (RSSI) measurements. The 
results indicated by the authors suggest that during the day 
period, the human activity has a significant impact on the 
performance of indoor wireless networks, whereas, during 
the night period, radio links are stable with little fluctua-
tions, correlating with human presence. On the other hand, 
the authors do not present any form of exploiting the ac-
quired findings for implementation in real life deployment 
scenarios by proposing a real life deployment model. Fur-
ther on, the authors do not investigate the impact of human 
density on the propagation, presenting a drawback. In our 
paper a deployment model based on link budget analysis 
was proposed so that by using statistical parameters it is 
possible to determine minimum power levels for WSN 
nodes in certain conditions. 

Next on, the work presented in [8] describes in detail 
indoor channel models accounted for the impact of human 
presence. The model described by the authors represents 
channel statistics in terms of parametric distributions, 
which can be approximated by a combination of Rice, 
Rayleigh and Log Normal components. According to [8] a 
narrowband fading in indoor environment can be repre-
sented as a combination of two distinct parts: a coherent 
path (the result of the direct line-of-sight path) and a dif-
fuse part (arising from large number of non-line-of-sight 
components in different phases). The authors clearly state 
the effect the human presence has on the propagation. 
However, the paper does not propose any form of real life 
deployment model based on the transmit power. Also, the 
proposed testbed is based on WLAN systems that differ 
from WSN systems in deployment, position and mobility. 

Finally, the authors in [11] approach the multipath 
fading problem from a deterministic point of a view. From 
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various experimental and simulation results, the authors 
emphasize that fading is a spatial phenomenon. Wireless 
links provide a constant packet delivery performance when 
there is no interference and the conditions are static. Time 
variations in signal strength only occur if the wireless ter-
minals are moving or in the case of external disturbances. 
However, according to the measurements conducted in our 
paper, static conditions such as static human presence can 
interfere with the packet delivery performance, so this 
aspect needs to be examined in detail. 

When analyzing WSN modules, the modules used for 
measurements in this paper were described in detail in the 
literature. In [13] the authors present a basic testbed for 
measurements where the emphasis is given on RSSI pa-
rameters and data reception rate. The authors in [13] give 
the basic analysis on propagation in various LOS and 
NLOS conditions. Also, the approach of using a fade depth 
margin is stated as one of the options for real life WSN 
deployment and the direct influence of human presence on 
the WNS nodes is shown. 

The novelty of our approach is the introduction of the 
human density factor with the empirical approach in order 
to calculate minimum power level for a WSN node. Com-
pared to the related work, our approach uses statistical 
parameters of human density to define fading depth pa-
rameter and intelligently plan the WSN. After defining the 
fade depth for a RF link, it is possible to design a WSN 
network regarding transmit power, directly impacting the 
power consumption and RF spectrum contamination. 

3. The Measurement Testbed  
To analyze the impact between human activity and 

RF propagation of WSN nodes, the testbed was proposed 
in real life indoor scenario. The testbed was composed of 
several components that in conjunction results in a com-
prehensive system capable of synchronously processing 
vast amounts of data. The complete system could be di-
vided into three major components: Wireless Sensor Net-
work, Propagation analysis system and People counting 
system. From an analytical point of a view, the Wireless 
Sensor Network is the object being analyzed whereas the 
propagation analysis and the people detection systems are 
the means of deriving statistically valuable data on the 
topic of the WSN deployment. 

3.1 Wireless Sensor Network Setup 

The first and foremost component of the analytical 
testbed is the Wireless Sensor Network, being the object of 
the research. The WSN testbed in this paper consisted of 
five wireless sensor nodes linked to the network coordina-
tor. The network topology used in the testbed is based on 
a ZigBee protocol implemented by the used WSN nodes. 
The used nodes are Digi’s XBee nodes consisting of 
IEEE802.15.4 PHY and MAC layers and higher ZigBee 

layers in the stack [17]. ZigBee network topology consists 
of three types of nodes: coordinator, router and end node 
having the following functionality: establishing a network, 
routing messages to adjacent nodes and transferring 
acquired data, respectively. In the proposed testbed only 
two types of nodes were used: coordinator and end node. 
By excluding the router node from the testbed, direct links 
from end nodes to the coordinator are forced, thus giving 
a static network configuration and static propagation paths. 

The first four nodes were in direct link with the test-
bed, whereas the fifth node was arbitrarily placed within 
the building. Floor plan of the testbed is shown in Fig. 2. 

 
Fig. 2.  Floor plan of the WSN testbed. 

As seen from Fig. 2, two nodes are located in the line-
of-sight (LOS) situation, whereas the remaining nodes 
exhibit the non-line-of-sight (NLOS) condition. The area 
noted as 3-0 was chosen for the versatile distribution of 
people density throughout the day. The nodes are located at 
a height of 1 m from the floor, whereas the coordinator is 
set at 3 m, respectively. To facilitate real life conditions, 
the WSN hardware configurations were chosen according 
to RF transmit power, Antenna gain and the type of WSN 
node. Tab. 1 depicts the hardware configuration. 
 

Node ID 
RF power 

[dBm] 
Antenna 

Gain 
[dBi] 

XBee 
Node 
Type 

Condition 

1 3 4 Series 2 NLOS 

2 10 2 S2B PRO LOS 

3 10 2 S2B PRO LOS 

4 17 1.8 XBee PRO NLOS 

5 3 1.8 Series 2 NLOS 

coordinator 10 2.1 S2 PRO - 

Tab. 1.  WSN nodes specifications [12], [17] and [18]. 

As seen from Tab. 1 the hardware configuration 
enables the testing under real life conditions as it represents 
various combinations of transmit power, antenna gains and 
propagation conditions. 

3.2 Propagation Analysis System 

After setting the testbed for the WSN nodes, the 
backbone infrastructure for data acquisition was estab-
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lished. Since the proposed network configuration consists 
of five WSN end nodes and one coordinator, the data 
acquisition system was developed as such a coordinator 
periodically polled every end node for status. The polled 
status included the received signal strength expressed in 
dBm for both the coordinator and the designated end node, 
representing the key information for this testbed scenario. 

To implement the required functionality and to avoid 
the use of a personal computer functioning as a data acqui-
sition system, an embedded system named ConnectPort X4 
was used instead. The used embedded system is an ARM 
based device supporting Python scripting and functioning 
as a Gateway between the ZigBee PAN and the Internet. 
To avoid the need for a database, an online Cloud storage 
was used in the form of Google Apps Cloud computing 
service (Fig. 3). 

 
Fig. 3.  Interconnection between WSN and Cloud data storage. 

 
Fig. 4.  Flow diagram for the Propagation analysis system. 

By using the proposed architecture, the data integrity 
is secure within the Cloud service, and the need to develop 
custom Ad Hoc PC applications is avoided. Fig. 4 shows 

the flow diagram for polling the remote WSN nodes and 
delivering the data to the Cloud. The algorithm is imple-
mented within ConnectPort X4 Python scripting language 
and the data is periodically polled from the side of the 
ConnectPort X4.  

As seen from Fig. 4, the power levels values for all 
WSN nodes are acquired after which the data is sent to the 
Google Cloud (Spreadsheet) service. The method of 
sending the data consists of assembling a HTTP request 
where the data is passed as parameters in the URL (e.g. 
“https://docs.google.com/macros/exec?service=AKfycbyJS
vLP2rqLE9tk85u6KzXTorHh1dY4rA9zdQdmzQ&RSSI_
N1=%s&RSSI_C1=%s&RSSI_N2=%s&RSSI_C2=%s&R
SSI_N3=%s&RSSI_C3=%s&RSSI_N4=%s&RSSI_C4=%
s&RSSI_N5=%s&RSSI_C5=%s&Time=%s”). The data is 
stored in the Cloud service and is available in real time to 
the end user. 

3.3 People Counting System 

In order to complete the proposed measurement test-
bed, the need to count the number of people habiting the 
test area is expressed. To count the number of people 
habiting the test area 3-0 from Fig. 2, several solutions 
have been revised, from the simplest solution of IR beam 
crossing to the most sophisticated methods including ther-
mal vision identification. The method of choice in this 
paper is a video detection method. The used method is 
adapted from [19], [20] and similar work based on blob 
detection. The video detection of human presence in the 
designated area is shown in Fig. 5 a) and b). 

 
Fig. 5.  Detecting number of persons in the monitored area by 

the means of video processing. 

From the processed results of the video detection 
algorithm compared to the manually counted persons for 
a random number of intervals, it was concluded that the 
accuracy of the detection algorithm varies from 100% (for 
lower number of people) to approximately 80% (for a lar-
ger number of people). Accordingly, for critical time peri-
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ods of higher activities the number of persons was manu-
ally corrected to reduce the statistical uncertainty.  

By implementing people counting system the pro-
posed testbed is complete. The sets of measurements was 
conducted, a vast number of data was collected over 
an extended period of time, statistically processed and ana-
lyzed in the means of defying a correlation between the RF 
attenuation and the number of persons in the controlled 
area. 

4. Representing Fading Margin 
Related to Human Presence 

4.1 RF Propagation 

In order to represent the fading margin, the received 
signal strength at the receiver side must be represented. 
The received signal strength is presented as [15]: 

          dBdBdBdBmdBm PrLGGPP RTTR   (1) 

where PR and PT are received and transmitted power corre-
spondingly, GR and GT are receive and transmit antenna 
gains correspondingly and LPr is the propagation channel 
loss usually factored into three main components: 

         dBdBdBdBPr LSPl LLLL    (2) 

where LPl is the average path loss (e.g. multiwall model), 
LL is the long-term fading (e.g. due to the shadowing of 
people presence), and LS is the short-term fading (due to 
multipath). Hence, the fade margin can be defined as: 

       dBdBdB LS LLF   .  (3) 

The transmitter power or the transmitter or receive 
antenna gains must be increased by F to sustain the reliable 
link operation as compared to the case of un-faded propa-
gation channel [2]. For the Wireless Sensor Networks 
propagation scenario, additional obstacles are people 
moving through the area crossing the radio paths. There-
fore the human presence influences long-term as well as 
short term fading. 

For indoor propagation scenarios, average path loss 
models vary in design and accuracy. One of the most 
commonly used models for average path loss in indoor 
scenarios is the Multi-Wall-and-Floor model (MWF) [16]:   

    
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0 log10dB  (4) 

where L0 is path loss at a distance of 1 m, n is power decay 
index, d is the distance between transmitter and receiver, 
Lwik is attenuation due to wall type i and k-th traversed 
wall, Lffk is attenuation due to wall type i and k-th traversed 
floor, I is the number of wall types, J is the number of floor  

types, Kwi is the number of traversed walls of category i, 
and Kfj is the number of traversed floors of category j. The 
parameters of the model have been derived by means of ray 
tracing simulation and can be extracted from the results 
found in literature [16]. 

4.2 Experimental Verification of the MWF 
Model 

Within the previous research work documented in 
[14], the MWF (Multi-Wall-and-Floor) model is experi-
mentally verified against previously measured data. The 
following figure shows the relation between measurement 
and MWF model for five locations which differ in the 
number of walls between transmitter and receiver. Loca-
tions are color coded. In each location five additional set-
tings of transmit power were set (points 1 – 5), in order to 
eliminate the impact of transmit power on the model. 

 
Fig. 6.  Measured RSSI values for 5 different locations and 5 

different transmit power values 

As seen from Fig. 6, the measured data fit the MWF 
model in majority of situations. In certain scenarios higher 
amount of deviation is induced that can be attributed to 
shadowing from obstacles. Further on, it is clearly seen that 
by varying power levels of the WSN nodes, the MWF 
model follows the change of power even in scenarios of 
higher deviation. From the presented it can be concluded 
that the MWF model is an acceptable model for WSN 
indoor average path loss. 

4.3 Human Presence Density Factor 

 
Fig. 7.  Effective areas of 1st Fresnel zone propagation paths. 
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From the related work described in Section 2 A, the 
impact of human presence on the RF propagation in Wire-
less Sensor Networks is described throughout various 
authors. However, to uniquely identify the number of peo-
ple impacting the propagation, this paper defines effective 
people density impacting the area of 1st Fresnel zone. The 
testbed areas are shown in Fig. 7. From Fig. 7 it is clearly 
seen that the overall area AAll is overlapped by the areas 
encompassed by the 1st Fresnel zone of the propagation. 
Consequently, human presence density for each node could 
be defined as:  

 
All

n
Alln A

A    (5) 

where ρn is the people density for node n, ρAll is the people 
density thorough entire area AAll and An is the area of 1st 
Fresnel zone defined as: 

 

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A
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where λ is the wavelength, d is the distance from node to 
the coordinator and l is the distance from the node to the 
end of the observed area derived from the 1st Fresnel zone 
equation [21]. The testbed areas alongside with the overall 
observed area are displayed in Tab. 2. 
 

Node ID 
Distance from 

coordinator [m] 
1st Fresnel zone 

diameter [m] 
Area [m2] 

1 18.3 1.52 5.5 
2 18.2 1.5 5.5 
3 18.6 1.53 5.8 
4 20.4 1.6 6.9 

Observed 
area 

- - 60 

Tab. 2.  Node distance end effective area. 

If the overall people density is defined as: 

  
All

people
All A

n
 ,  (7) 

people density per WSN node is: 

 
2

All

peoplen
n

A

nA 
  (8) 

where npeople indicates the number of persons occupying the 
entire observed area. With the defined human presence 
density factor it is possible to adequately analyze the influ-
ence of human presence on the RF propagation in Wireless 
Sensor Networks. 

5. WSN Propagation Analysis Using 
People Density Parameter 
The proposed testbed for the analysis of the human 

presence impact on RF propagation was described in Sec-
tion 3, where the measurement system was explained in 
detail. Using the measurement testbed the analysis was 
performed during an extended period of time. In this paper 
only a segment of the data is displayed. First set of meas-
urements included the static measurements of short-term 
fading in the scenario without human presence. The statis-
tical parameters are derived from a data set calculated on 
a moving window. The moving window is sized at 10 sam-
ples, representing 50 seconds in real time. This time was 
chosen as twice the time needed for a person to walk the 
longest distance in the proposed testbed. Results of 
received signal strength measurements are shown in Fig. 8. 

From Fig. 8 it is visible that in scenario with no hu-
man presence the only present fading is low amplitude 
short-term fading. The cause of this fading can be attrib-
uted not to physical characteristics of the communication 
channel, but to LSB (Least Significant Bit) error due to the 
8 bit quantization, of the RSSI value. The toggling of LSB 
causes the drops and overshoots in the signal strength by 
1 dB, whereas other changes can be attributed to the re-
ceiver’s physical characteristics.  

On the other hand, upon human presence the devia-
tions in the received signal strength are largely expressed. 
As shown in Fig. 9, standard deviation strongly correlates 
with the number of people, as seen from the drops in re-
ceived signal levels. The average RSSI values are dis-
played alongside with the standard deviation for different 
number of people (in the observed area) throughout time 
samples. Difference between time samples is equal to 
5 seconds, resulting in overall length of 6.6 hours.  

The results shown in Fig. 9 are the results for the 
nodes with the highest correlation coefficient (nodes 1 and  

 
Fig. 8.  Received Signal Strength without human presence. 
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Fig. 9.  RSSI Instantaneous values, Number of people, Average values and Standard deviation for nodes 1 and 4 during human presence. 

 

4). Nodes 1 and 4 are exemplifying NLOS conditions. On 
the other hand, nodes 2 and 3 are exemplifying LOS con-
ditions, where the correlation of the received signal 
strength with the number of people is not as strong. Com-
parison of the correlation coefficients for the standard 
deviation of the received signal strength against the number 
of people (people density) for nodes 1 through 5 is seen 
from Fig. 10. The node 5 is not located inside the testbed, 
on an arbitrary point inside the building, representing 
a point not in relation with testbed. 

 
Fig. 10.  Correlation coefficients of people density against 

standard deviation for different nodes. 

As seen from Fig. 10 the correlation between received 
signal’s standard deviation and people density for nodes 
with NLOS conditions is strong, whereas nodes exhibiting 
LOS conditions show less correlation. For node 5 that is 
not in relation with the testbed the correlation coefficient is 
very low, showing no direct correlation between people 
density and received signal strength, as expected.  

If the comparison is drawn between statistical pa-
rameters of the measurements (standard deviation and 
average value) and the physical signal characteristics (fad-
ing), we can identify the short term fading as a standard 
deviation component and long term fading as the drops in 
average value of the received signal strength. Consequent-
ly, short term fading can be expressed from the standard 
deviation as: 

   SSL  64.1dB  (9) 

where σs is the standard deviation of the data in static 
setup. Equation (9) is derived from Gaussian distribution 
with 90% confidence (factor 1.64). From (9) it is possible 
to calculate short-term fading margins. If the standard 
deviation is calculated from the data in scenario with no 
human presence, the resulting data are shown in Tab. 3.  
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Node ID Standard deviation [dB] 
Short-term fading 

margin [dB] 

1 0.47 0.94 
2 0.21 0.44 
3 0.03 0.06 
4 0.17 0.34 
5 0.39 0.78 

Tab. 3.  Node short-term fading prediction in static conditions. 

From Tab. 3 it is visible that short term fading is rep-
resented as low amplitude fading in scenario with no hu-
man presence. From measured data, short term fading rages 
from 0 dB to 1 dB in static conditions. If the same principle 
is applied to measurements obtained with human presence, 
the relation between standard deviation and overall people 
density for node 1 is shown in Fig. 11. 

 
Fig. 11.  Standard deviation for node 1 versus overall people 

density. 

Fig. 11 shows a rising trend for standard deviation, as 
the number of people (people density) increases. This is the 
result of multipath fading attributed to large number of 
reflected rays due to the increased people density. This can 
be predicted using simple linear regression. If compared to 
other nodes, the same trend is observed (Fig. 12). 

 
Fig. 12.  Standard deviation for all nodes versus overall people 

density and extrapolated linear functions. 

From the linear regression shown in Fig. 12 it is pos-
sible to express a short-term fading from the standard de-
viation, related to the overall people density: 

    )(64.1dB AllS kL     (10) 

where k is the short-term fading expressed with no present 
people (Tab. 3) and α is the slope of the short-term fading 
regression. Empirical results of these coefficients derived 
from the measurements are shown in Tab. 4. 

 

Node ID k [dB] α [dB m2] Conditions 
1 1,02 20,4 NLOS 
2 1 10,7 LOS 
3 0,36 4,6 LOS 
4 1,1 16 NLOS 
5 1,4 -0,68 NLOS 

Tab. 4.  Short-term fading coefficients for different nodes. 

For nodes 1 to 4, the regression of standard deviation 
with the overall people density is clearly expressed, 
whereas for the node 5 which is not located within the 
testbed, the regression shows almost constant short-term 
fading, representing no correlation with the measurements. 
This can be seen from the following, Fig. 11 and Fig. 12 
respectively. Further on, the NLOS conditions suffers 
mostly from the impact of human presence, whereas in 
LOS condition this effect is mitigated. Exemption is node 2 
at near NLOS conditions. The extent of α depends mostly 
on the propagation conditions (LOS or NLOS) and the 
probability of human presence in the area of 1st Fresnel 
zone. These results can be corroborated from the experi-
ments conducted in [4], where the overall impact of human 
presence in LOS and NLOS conditions is given. As op-
posed to the approach given in [4], this paper takes into 
consideration people density.   

Next on, the long term fading is expressed by using 
average values of the received signal strength. As seen 
from Fig. 9, the average value correlates with the people 
density but not as strong as standard deviation. The corre-
lation coefficients are shown in Fig. 13.  

  
Fig. 13.  Correlation coefficients for Average and Minimum 

RSSI values against human density. 

As displayed in Fig. 13, the average RSSI values does 
not follow the correlation as well as standard deviation 
does. On the other hand, if a minimum value of each data 
window is plotted and the correlation between minimum 
values and the people density is calculated, this correlation 
follows the correlation of the standard deviation. This can 
be seen from Fig. 13.  

The reason behind these results is: The fact that the 
long term fading is caused by people shadowing in the 
propagation path can be seen from the samples when 
a large number of people occupies the area. In this scenario 
the RF propagation is shadowed by human presence and 
this effect is seen as a drop in average RSSI values. On the 
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other hand, when people density is lower, statistically the 
probability that persons could completely shadow the RF 
propagation is reduced. This effect is especially expressed 
in NLOS conditions and areas with highest human activity. 
In the presented testbed the area of most activity is the 
propagation path of node 4, being the foyer of a student 
classroom. Having this in mind, the highest impact of 
human presence on long term fading is seen on this node. 

If the same linear regression is applied to the differ-
ence between instantaneous and average values the impact 
of human presence is clearly seen in NLOS conditions for 
nodes 1 and 4. Nodes in LOS conditions do not seem to be 
influenced by the human presence. It can be concluded that 
nodes in LOS conditions do not suffer the influence of 
human presence, not to a degree that could compromise 
normal WSN operation. On the other hand, nodes in NLOS 
conditions suffer greatly from the impacts of long term 
fading. This is seen from node 4, being in worst case sce-
nario. 

 
Fig. 14. RSSI delta values with linear extrapolated functions 

versus people density. 

From Fig. 14 it can be concluded that long term fad-
ing is only dominant for node 4 being in worst case sce-
nario. The impact of long term fading for this node is not 
negligible, as in some cases it exceeds 23 dB in value. This 
effect can cause signal outages and loss of data. Further on, 
it can be seen that this effect is only dominant when people 
density exceeds a certain limit. In the case of node 4 this 
limit is 0.22 m-2 or 1.4 people per the 1st Fresnel area. If 
compared to results in [5], the impact of 1 person in the 
propagation path results in drop of RSSI by 9 dB, whereas 
in this case the impact is 8.8 dB, corroborating given val-
ues. If a linear extrapolation is given, setting the limit for 
long term fading as more than 1 person per the 1st Fresnel 
area, and the slope being s = 9 dB/person, the relation is: 

    nnL AsL  dB    (11) 

where ρn is the people density for node n , An is the area of 
the 1st Fresnel zone defined according to (6), and s is the 
slope (9 dB/person for NLOS and 0 dB/person for LOS 
conditions). For LOS conditions, long-term fading in cor-
relation with people density can be neglected, as human 
presence causes no severe signal drops, thus eliminating 
the possibility for signal outage and data loss. 

From the results obtained within this study it is possi-
ble to define an empirical fading margin prediction model, 
dependent mostly on people density per m2 and propaga-
tion conditions. According to (3) the fading margin can be 
defined as: 
    nnAll AskF   )(64.1dB   (12) 

where the coefficients k, α and s are given in Tab. 5, ρAll is 
the overall people density and An is the number of people 
occupying the 1st Fresnel zone of a node n. 
 

Coefficient Line Of Sight Non Line Of Sight 

k [dB] 0.0 –  1.0 1.0 –  2.0 

α [dB m-2] 4.0 – 11.0 15.0 – 25.0 

s [dB/person] 0 8.0 – 9.0 

Tab. 5.  Fading prediction coefficients. 

The range of coefficients depends on real life condi-
tions and can be ascertained upon real life WSN deploy-
ment. By proposing this method of WSN deployment it is 
possible to intelligently plan the WSN resulting in reduc-
tion of power consumption, reduction of RF spectrum 
contamination and minimizing the risk of RF impact on 
human health by means of restricting the transmit power of 
a wireless sensor network module. 

6. Conclusions and Future Work 
The main goal of this paper was empirical determina-

tion of the fading margins for real life WSN deployment in 
indoor scenarios. The reason for determining fading mar-
gin is the ability to plan WSN links using link budget 
analysis in the pursuit of reducing transmit and Equivalent 
Isotropically Radiated Power (EIRP). This leads to power 
consumption reduction and spectrum contamination mini-
mization. Another important aspect analyzed in this paper 
was the influence of people density per m2 on the RF 
propagation, specifically the influence on short term and 
long term fading. From the scope of this paper, it was con-
cluded that the human presence in the area of RF propaga-
tion significantly influences the propagation, as human 
bodies present an obstacle to the RF signal. It was con-
cluded that the nodes exhibiting LOS (line-of-sight) propa-
gation do not suffer from the problems of human presence, 
namely because the dominant ray is rarely completely 
shadowed. On the other hand, due to no wall attenuations 
the signal strength for these nodes is significantly higher, 
statistically eliminating the ability for human presence to 
cause a signal outage and data loss.  

Next on, the impact of human presence on short term 
fading was shown to be more emphasized for nodes with 
NLOS conditions than for nodes with LOS conditions. The 
correlation analysis revealed a high correlation between 
standard deviation and human density (number of people in 
the observed area). Further on, it was shown that the short 
term fading exhibits a linear dependence and a rising trend 
compared to the people density. For nodes with NLOS 
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conditions this trend is more emphasized than for nodes 
with LOS conditions. Nodes that are not affected with 
human presence show a constant magnitude of short term 
fading.   

On the other hand, long term fading is a direct conse-
quence of human presence, as human body representing 
a shadowing obstacle to the RF signal. Since long term fad-
ing requires complete shadowing of RF propagation path, 
this effect is only expressed when more than one person is 
located within the propagation path. From this and related 
work it was concluded that long term fading is mostly 
responsible for signal outages in NLOS conditions, 
whereas in LOS conditions this effect can be neglected (as 
it causes neither signal outages nor drop in received data). 
For NLOS conditions long term fading margin was 
mathematically modeled, being dependent on people den-
sity. Altogether, the empirical model for fade margin pre-
diction was proposed with the given range of coefficients, 
enabling real life WSN deployment use. 

Future work includes analyzing possible fading mod-
els for various scenarios and modeling a universal empiri-
cal fading model that could be applied to every deployment 
scenario. The analysis of the nature of the coefficients is 
also planned, examining various real life deployment 
parameters, such as building type. Also, in conjunction 
with the concept of Adaptive Transmit Power Control it is 
possible to implement a dynamic transmit power control 
algorithm based on the calculated fading margin, guaran-
teeing no signal outages and a high probability data recep-
tion rate. 
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