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Being self-configured, self-organized, and self-healing low power technology, ZigBee has obtained significant attention in last few
years for achieving ubiquitous communication among various deviceswithin a PersonalAreaNetwork (PAN). Even after a decade of
its emergence, it has beenwell serving the communication needs of numerousmodern applications belonging tomultiple industries
and is still a spotlight for the researchers working on certain aspects to enhance productivity along with a major cost reduction.
Despite its robust communication nature, it heavily depends upon the context and is prone to the external effects that may cause
a serious threat to prospective applications. This paper presents the novel experimental analysis conducted on real test beds to
evaluate the impact of continuously changing communication environment on various parameters, for example, RSSI (Received
Signal Strength Indicator) and latency in the presence of multiple obstacles that may lead to severe degradation in the overall
performance. Eventually, we suggest a suitable frame size for ZigBee based on our results deduced from the experimental study.

1. Introduction

Modern communication systems have engrossed the trou-
blesome handling and usage of wires in communication
networks and promoted the idea of wireless network with
time. This emergence gave birth to a number of complexities
and entanglements under different circumstances. With the
rapid growth of wireless technology, Wireless Sensor Net-
works (WSNs) were recognized as a convalescent form of
wireless mechanism.Therefore, this need led to a technology
with peculiarity of low power consumption, high amount of
reliability, and efficiency in addition to the cost effectiveness.
IEEE 802.15.4 and ZigBee were specially designed for WSN
and Wireless Network Monitoring (WNM) [1]. In lieu of
high data rate and more functionality, ZigBee is considered
popular in all the eyes because of its dramatic low depletion
of power that yields low cost and high efficiency [2–6]. ZigBee

is the exceptional wireless technology that uses 2.4GHz
and sub-GHX-frequency bands [7]. From factories to the
home automation, this technology offers a wide range of
applications and the deployment in the various areas like
healthcare, agriculture, and education.

This technology has proven to be the new horizon for
researchers having curiosity in the field of wireless radio
networks. Several applications based on ZigBee have already
been introduced by exploiting all the ebb and flow of
this technology. ZigBee performance assessment based on
different set of grades helps the researchers to get about the
suitability of this technology suitable for the distinct zones of
applications.

ZigBee has been widely used in recent years but adoption
of this technology in home automation is somehow slower
[8] as it has its own pros and cons in different areas of
specification. For example, it is reliable as far as battery
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life and efficiency are concerned, but it may not be reliable
keeping in view the signal strength. It could be used for
distance measurements based on its RSSI value. But the value
of ZigBee RSSI oscillates with aminor change in environment
around it and this fluctuation results in disreputability of this
technology.

The major aim of this paper is to study abrupt changes
in ZigBee RSSI under varying environment. The average of
resulting values could give an approximate and imprecise
outcome tolerating different surroundings. Along the RSSI
value of ZigBee, measuring the total time taken by certain
size of data string can also be served for noticing the
latency. Time taken by a specific packet is important for
different applications like traffic control system to calculate
the distance between two corresponding vehicles.

ZigBee IEEE 802.15.4 is designed for reliable network
control and network monitoring as compared to other
short range wireless communication technologies like Wi-Fi,
Bluetooth, and ultrawideband [2, 8]. All these technologies
utilize lower power but ZigBee devices consume substantially
lesser amount of power. Security and integrity of data in
ZigBee devices persuade researchers looking at it in a dif-
ferent way. For last few years, many real world applications
were designed using this technology and researchers have
substantial curiosity in scrutinization, evaluation, and real
time deployment of ZigBee protocols [9].

Different indoor experiments have been conducted for
varying circumstances and indoor objects have been iden-
tified that affect the signal strength of ZigBee: wooden
furniture, concrete walls, and people around. By changing
the number of these items, we could observe the slight and
lofty change in RSSI value. Furthermore, certain sizes of data
strings were sent from one ZigBee device to be received
on the other end. It is repeated by keeping the distance
constant but changing the environment for a precise analysis
of latency which resulted in obtaining different values. Then,
variable distance between communicating nodes also led to
the change in the RSSI value and total latency. Performing
the same set of experiments using constant context but
extending the distance this time yielded another set of results
to be noted. A number of experiments were performed at a
sequence of increased distance among the devices.

The remainder of this paper is organized as follows: the
next section offers an overview of the current state of the art
of ZigBee. Section 3 presents the proposed methodology to
be followed for the evaluation of possible scenarios, while
the experimental setup describing the various components
used for designing real test beds is elaborated in Section 3.1
and results taken from the experiments are analyzed and
discussed in Section 3.2. And finally concluding remarks are
stated in Section 4.

2. Literature Review

ZigBee technology is responsible for the security, reliability,
and the long lasting battery life but it carries two types of
limitations, that is, bandwidth and range. Also reflection,
scattering, and residence of other physical obstacles have
adverse impacts on RSSI value of ZigBee. Researchers have

conducted several evaluation experiments through ZigBee
(IEEE 802.15.4). In [9], the authors deal with the affected Bit
Error Rate (BER) and Signal to Noise Ratio (SNR) of ZigBee
when there was a change in parameters like Noise Power
Value, Data Rate, and Bit Per Symbol.

In [10], Hyncica et al. evaluated the results on the basis
of series of experiments and claim that effective range of
ZigBee is approximately 12 meters through many dry walls
and data rate using SMAC is up to 165 kbps under supreme
condition. In our humble opinion and observation, the
applications implementing ZigBee technology would have
to experience not only the number of walls as described
in [11] but also the number of humans and other common
obstacles like various types of furniture items in furnished
homes and different alike places as it has inauspicious effect
on efficiency of ZigBee devices. After performing a sequence
of experiments, a careful analysis reflected a vital change
in the RSSI and affected range of ZigBee devices in the
presence of additionally mentioned items (not covered in
[11]) and by the same change, consequently, the latency rate
was compromised which will be comprehensively discussed
in the following sections.

In [12], they emphasized that ZigBee RSSI is serviceable
for location sensing if the compromised value of accuracy
is 3–5m. The RSSI has been tested through varying counts
of human presence, glass, and wood. The study was helpful
to understand the estimated average change in RSSI value
through certain range and distance.

In [13], the EffectiveData Rate (EDR) and PacketDelivery
Ratio (PDR) in a ZigBee network are presented and claimed
that the increase in the number of nodes in network decreases
the throughput in a beacon-enabled mode. A graph showed
acute deviation in EDR and delivery ratio by escalating nodes
because of accumulation in collision probability in CSMA-
CA access medium.

Mobility of ZigBee device observed in [14] and the
performance of IEEE 802.15.4 was considered with different
mobility cases and indicates that mobility of ZigBee nodes
in network raises plentiful inconsistency results as compared
to static nodes of network. A lot of packet loss occurs in the
case of device mobility and it enlarges as the speed of device
movement increases. They observed PDR by applying two
types of topologies, mesh routing and tree routing. Packet
delivery and efficiency of ZigBee accept various kinds of
impact by mobility but in our case we took static nodes in
network but especially focused on mobility and change of
obstacles and their numbers, and we observed the effect on
RSSI, distance, and frame size on the latency rate of data.

RSSImeasurement of ZigBee is critical for the localization
applications and estimating the position. Ruminating the
article [12], we performed series of examinations to evaluate
the effect on the latency rate of data sent by ZigBee coordi-
nator by certain size of frame under affected RSSI value. The
applications not tolerating the change in latency rate would
consider this research to be helpful to actually recognize the
aggregate effects on the latency introducing variable data
frames sent by a ZigBee coordinator to end nodes and vice
versa. As per various studies conducted already, it is a known
fact that increase in the distance in communication range
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between the ZigBee modules decreases the signal strength;
this study is another effort to further analyze the parameters
that actually affect the ZigBee communication in an indoor
environment rather than using it outside.

3. Methodology

Signal strength of ZigBee radio is greatly affected by the
presence of different kind of physical objects. The purpose
is to design the scenarios including the obstacles while
performing experiments to actually test the performance
of ZigBee because it is significant to consider the adverse
effects under the presence of these objects while deploying
ZigBee technology in home appliances and other indoor
applications. All experiments have been conducted in the
presence of few possible objects that could attenuate the
signal strength caused by scattering and reflection of signals
affecting the performance of ZigBee by weakening the RSSI.
Major physical objects considered are different numbers
of walls, furniture, and humans being that are the most
common factors ZigBee experiences while having indoor
communication with other nodes.

In the existence of these mentioned objects and varying
the count of these obstacles, a series of experiments were
performed and, by getting the results, an estimation of affect-
ing proportion in ZigBee RSSI has been made to conclude
the best, average, and worst scenarios for ZigBee indoor
communication concerning distance and relative change in
RSSI and time to receive a certain frame under different
obstacles. A varying setup was designed to perform testing
experiments, every time with an increase in the distance
between two ZigBee nodes while communicating, called
case 𝑋. Five different cases were implemented and each case
has further three scenarios. In each scenario, the number
of obstacles varies randomly. Taking the overall average of
scenarios would be considered appropriate in the indoor
performance of ZigBee.

3.1. Experimental Setup. Overall two ZigBee devices were
used; both were at API mode while performing experiments
to send and receive a set of frames, connected to a computer
to monitor the change in RSSI and time difference to find the
latency rate. ZigBee network coordinator is a fixed and main
device, connected to computer to communicate and receive
data from other nodes as shown in Figure 1. End node is the
other device connected to a laptop so that it is moveable. Set
of frames sent to the coordinator by this node for monitoring
at main device is also shown in Figure 1.

In real time indoor scenario, the number of obstacles
varies with change in distance as illustrated in Figure 1. The
dark highlighted area of 30 feet is effective ZigBee range area
where the number of packet losses was minimum. Further
30- to 45-foot area is weak RSSI area where a significant
packet loss was observed. The count of obstacles varied in
each scenario under Case 1 using distance of 10 feet, which
is illustrated in Table 1.

In Case 1, the distance between two nodes was fixed to
10 feet; the tests of RSSI and time to receive packet were

Table 1: Case 1 of experimental setup.

Distance Scenario Walls Furniture Human

10 feet
1 4 5 2
2 3 3 2
3 2 2 1

repeated in three different scenarios. In first scenario, total
number of walls surrounded was 4, number of furniture
chosenwas 5, and humans count was 2 in total. A set of results
were collected under this scenario. In the next scenario, the
number of walls was decreased to 3 by changing the location
of nodes and number of furniture pieces were reduced to 3
keeping the number of humans and distance constant, and
results were slightly different. Third scenario represents a
number of 2 of walls and furniture pieces but humans count
was reduced to 1 this time. Under all the three scenarios, data
packets bearing variable size were sent to main node from
all other nodes and experiment was repeated three times in
each scenario to ensure the preciseness. The results taken are
shown in Table 2.

In each scenario of Case 1, the results showed variance
in the values taken. The value of RSSI usually increased
by decreasing the number of obstacles. It was maximum in
scenario 3 and minimum in scenario 1 at 10-foot distance,
but the average RSSI value was −67 dBm. Frames of three
different sizes were sent and received at the main node,
every time a variation in latency can be noticed in Table 2
where average time taken by a frame of 15 bytes was 0.05
sec. Similarly, a frame of size 50 bytes took slightly less than
double the time taken by a frame in scenario 1, being more
than three times in size of previous frame. A frame of 100
bytes (double the 50-byte size) took almost 50% extra time
to be received in comparison with 50-byte frame.

Table 3 illustrates the experiments conducted for Case
2 in which distance was increased to 20 feet with varying
number and type of obstacles. Asmentioned earlier, obstacles
are kept constant to walls, furniture, and humans. No new
obstacles were introduced to avoid confusion between effects
of obstacles on ZigBee communication. Table 3 illustrates the
experimental setup for Case 2 in an indoor environment.

It shows that there were the same number of walls
and furniture pieces but numbers of humans were 3 and
distance doubled in first scenario of Case 2. Count of all
types of obstacles decreased except for furniture in the second
scenario. Third scenario consists of the least number of walls
and human’s presence. Under these conditions, the results
were obtained and are illustrated in Table 4.

The average RSSI in Case 2 was −77 dBm but the maxi-
mum RSSI gained at distance 20 feet was in scenario 3 of this
case, where number of walls and humanswas the least. Packet
loss was not significant and average time taken by frames of
15 bytes was approximately the same as in Case 1. Similarly,
there were no variations noticed in frame of sizes 50 bytes and
100 bytes. The 50-byte frame time was even better than that
of Case 1.

Table 6 illustrates the experiments conducted for Case
3 in which distance was increased to 30 feet with varying
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Figure 1: System model to represent indoor location and devices placement.

Table 2: Experimental results of Case 1.

Scenario
Frame received time (s)

RSSI (dBm) 15 bytes 50 bytes 100 bytes
RSSI Average Time Average Time Average Time Average

1 −71

−67

0.038

0.05

0.101

0.093

0.160

0.142

0.033 0.075 0.115
0.053 0.100 0.130

2 −68
0.067 0.107 0.183
0.055 0.080 0.160
0.046 0.092 0.101

3 −64
0.066 0.094 0.165
0.056 0.096 0.136
0.040 0.097 0.132

Table 3: Case 2 of experimental setup.

Distance Scenario Walls Furniture Human

20 feet
1 4 5 3
2 3 6 2
3 2 5 1

Table 4: Experimental results of Case 2.

Scenario
Frame received time (s)

RSSI (dBm) 15 bytes 50 bytes 100 bytes
RSSI Average Time Average Time Average Time Average

1 −80

−77

0.045

0.052

0.094

0.092

0.129

0.144

0.052 0.109 0.131
0.075 0.087 0.156

2 −78
0.050 0.100 0.146
0.062 0.091 0.142
0.063 0.078 0.167

3 −74
0.040 0.091 0.131
0.038 0.077 0.152
0.046 0.110 0.150
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Table 5: Case 3 of experimental setup.

Distance Scenario Walls Furniture Human

30 feet
1 5 7 3
2 3 5 2
3 3 3 1

Table 6: Experimental results of Case 3.

Scenario
Frame received time (s)

RSSI (dBm) 15 bytes 50 bytes 100 bytes
RSSI Average Time Average Time Average Time Average

1 −86

−82

0.037

0.052

0.072

0.081

0.139

0.153

0.050 0.087 0.149
0.041 0.092 0.150

2 −84
0.046 0.088 0.160
0.061 0.077 0.156
0.060 0.087 0.160

3 −78
0.052 0.074 0.141
0.065 0.078 0.160
0.056 0.080 0.165

Table 7: Case 4 of experimental setup.

Distance Scenario Walls Furniture Human

40 feet
1 5 7 3
2 3 5 2
3 3 3 1

number and type of obstacles. Like Case 2, type of obstacles
is kept the same to avoid confusion.

Table 5 illustrates the experimental setup for Case 3 in
an indoor environment. In the first scenario, numbers of
walls, furniture pieces, and humans are increased. In the
second scenario, the location was shifted to decrease the
number ofwalls but distance kept the same and the number of
furniture pieces and humans reduced.Third scenario consists
of decrease in count of furniture; humans and walls were the
same and the results obtained in this case are described in
Table 6.

The maximum RSSI values in Case 3 were in scenario 3
where there wasminimumnumber of walls and furniture but
average RSSI obtained was −82 dBm. Packets loss in this case
was slightly greater then Cases 1 and 2. Frame of 15 bytes took
the same average time to receive but 50-byte frame showed a
dramatic increase of time; also 100-byte frame took a little bit
more time in this case.

Beyond 30 feet the RSSI value of ZigBee got weakened.
Table 8 illustrates the experiments conducted for Case 4 in
which distance was increased to 40 feet with varying number
and types of obstacles. Like Case 3 types of obstacles are kept
the same to avoid confusion.

Table 7 illustrates the experimental setup for Case 4 in
an indoor environment. In this case with distance of 40 feet,
count of obstacles was the same as in previous case in all three
scenarios and the results obtained are shown in Table 8.

The maximum value of RSSI was observed in third
scenario in this case, which was around −83 dBm but the
average RSSI was −86 dBm under all scenarios. The amount
of packet loss was greater in this case as compared to previous
cases but time taken by a frame of 15 bytes was the same again.
A dramatic increase of latency rate was observed in frame of
size 50 bytes and it took average 0.1 sec to be received. Also
100-byte frame took 0.15 sec for the reception.

Case 5 consists of maximum range distance, which is 45
feet, and details regarding number of obstacles are shown
in Table 9. In this case, the number of walls was 6 with the
number of furniture pieces equal to 7 and humans count
being 3 under scenario 1. Count of obstacles decreased by
each scenario. The results obtained this time are described in
Table 10.

60% of packets were lost in this case because of the
placement of end node at extreme distance and average
RSSI values obtained were as weak as −89 dBm. The 15-byte
frame took the least time as compared to all other cases.
Average time was 0.067 sec but 50-byte frame was as usual
unpredictable and it took reasonably average time than other
cases and was received in 0.093 sec. 100-byte frame took a lot
more time that was on average 0.182 sec.

3.2. Experimental Result Analysis. Scattering and disturbance
of signal put relative impact on ZigBee performance. Each
time variation in RSSI with little change in indoor envi-
ronment and their corresponding time deviation reveals a
strong instability of ZigBee signals and latency rate. Results
show that a single frame of different size took noticeably
different time. Doubling the size of frame does not affect
more the latency rate if the distance is the same and whatever
the number of obstacles is. But increase in distance actually
increases the relative time of two different sizes of frames. A
dramatic increase of time occurred when end node was at
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Table 8: Experimental results of Case 4.

Scenario
Frame received time (s)

RSSI (dBm) 15 bytes 50 bytes 100 bytes
RSSI Average Time Average Time Average Time Average

1 −88

−86

0.031

0.05

0.041

0.081

0.139

0.154

0.046 0.089 0.149
0.046 0.109 0.150

2 −85
0.042 0.092 0.160
0.051 0.091 0.156
0.061 0.121 0.160

3 −83
0.056 0.074 0.160
0.056 0.078 0.175
0.067 0.080 0.165

Table 9: Case 5 of experimental setup.

Distance Scenario Walls Furniture Human

40 feet
1 5 7 3
2 3 5 2
3 3 3 1

extreme distance position. The value of RSSI was affected in
almost the same amount at each distance. Table 11 represents
the overall RSSI values and time latency at all observed
distances.

In Table 11, it can be seen that the time of smaller frame
of 15 bytes is almost the same at all distances except for the
slight difference at extreme distance of 45 feet. The behavior
of 50-byte frame size is relatively unpredictable throughout
the cases and the shortest time taken by this size of frame is in
case of distance of 30 feet as compared to other distances and
RSSI value is−89 dBmeven for the extreme distance as shown
in Table 11. 100-byte frame size shows consistent increase in
time with increase in distance and it is almost 1/5th of a sec
even in extreme case.

A relationship graph between number of obstacles and
their corresponding values of RSSI is shown in Figure 2.
The maximum value of RSSI observed is around −64 dBm
at distance of 10 feet. Then it is gradually decreasing as the
number of obstacles keeps on increasing. Similar effect can be
seen in each case. The distance of 10 and 40 feet gives a slight
but constant decrease in RSSI value relative to the number
of obstacles. It is showing a deviation and making a curve in
other cases, which shows irregular change in RSSI value.

A graph of distance versus time taken by a small,medium,
and large sized frame is shown in Figure 3.

Time for 15-byte frame remains constant till distance of 40
feet but it actually increases at distance of 45 feet, which shows
that, for using very small data or small decision-making
bits, the distance up to 40 feet is reasonably good for any
sized frame under any number of obstacles from zero to 16.
Sending amedium size frame of 50 bytes took about the same
time at the distance of 10 and 20 feet and tends to decrease
afterwards till it reaches 30 feet because of the number of
obstacles. It again shows an elevation behavior between 30
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Table 10: Experimental results of Case 5.

Scenario
Frame received time (s)

RSSI (dBm) 15 bytes 50 bytes 100 bytes
RSSI Average Time Average Time Average Time Average

1 −92

−89

0.073

0.067

0.087

0.093

0.171

0.182

0.065 0.079 0.180
0.061 0.101 0.186

2 −89
0.067 0.103 0.180
0.068 0.090 0.181
0.071 0.100 0.190

3 −88
0.057 0.094 0.191
0.069 0.098 0.169
0.075 0.091 0.192

Table 11: Overall performance evaluation at various distances.

Scenario Distance (feet) Average number of
obstacles Average RSSI Frame received time (s)

15 bytes 50 bytes 100 bytes
1 10 8 −67 0.05 0.09 0.14
2 20 9 −77 0.05 0.09 0.14
3 30 11 −82 0.05 0.08 0.15
4 40 10 −86 0.05 0.10 0.15
5 45 13 −89 0.06 0.09 0.18

and 40 feet. A 100-byte frame took almost double the time
of 50 bytes but behavior shows that latency increases linearly
while increasing the distance showing a constant behavior
that prevails till 40 feet.Then, it bears a sudden increase at an
extreme distance of 45 feet, so was the case of 15-byte frame.

The results conclude that small sized and full sized frames
of ZigBee take relatively more time at extreme distances and
remain almost constant at feasible distances. The behavior of
medium sized frame is noticeable, and it remains in a range
of 0.08 sec (i.e., lowest time) and 0.10 sec (i.e., highest time)
that is at the distance of 30 feet and 40 feet, respectively.
Thus a medium sized frame is most reliable as long as the
performance is concerned under any distance and number of
obstacles.

4. Conclusion

ZigBee is very useful technology for Wireless Sensor Net-
works (WSN) because of its features of reliability and effi-
ciency in performance, yet the limitations stand with this
technology. The signal strength of ZigBee is highly prone to
external effects of the context in which the communication is
taking place. It, somehow, affects the latency of data packet
and performance in different ways. It could be implemented
in different applications that are solely based on its RSSI.
To analyze this critical signal strength with varying indoor
environments and their relative effects on the performance
and latency, a series of test experiments have been conducted.
The results showed that the effect of obstacles on ZigBee’s
signal strength is significant in some situations. A small data
frame of 15 bytes took on average 0.05 sec while 100-byte

frame took on average 0.15 sec to be successfully received but
time dramatically increases at extreme distance. A medium
sized frame of 50 bytes showed a random variation in
latency in almost all the cases. The time appears to behave
normally even at extreme distance for this size, which shows
the reliability of medium sized frame of ZigBee under any
distance within range and various number of obstacles.
This evaluation study aims at providing a comprehensive
guideline to the possible future research towards wide range
of applications sensitive to signal strength and latency.
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