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Abstract

Wireless Sensor Networks (WSNs) consist of several sensor nodes which com-
municate with each other over a wireless channel. There are many real-world
deployments of WSNs, for example they are used for environmental monitoring
in the mountains as well as in cities to monitor the air pollution. There are
different models which try to describe the wireless channel between nodes within
WSNs, but they often fail because they do not consider all possible effects which
may occur in reality.

In this semester thesis, we build a testbed to characterize wireless channels
in real WSNs. The testbed allows for partially automated characterization with
respect to different parameters.

Based on the developed testbed, measurements are conducted in two differ-
ent environments (indoor and anechoic chamber). Initial tests show that the
measurement results in an anechoic chamber are similar to the models whereas
in a real environment the measured values differ significantly. Furthermore, the
characteristics of the wireless channels do not only depend on the environment
but also on the nodes.
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4. Measurements on the Testbed 25

Figure 4.8: Setup of tests in the anechoic chamber. The transmitter node 0 is placed
on the stand at the right-hand side of the picture. The four receiver nodes are placed
on tripods in a row, on the left-hand-side of the transmitter node.

Figure 4.9: Setup of tests in the anechoic chamber with four nodes.
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packets received by node 4 are located at RSSI values below −96dBm while
the valid packets are again uniformly distributed over the whole RSSI reception
range (Figure 4.11(a)).
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Figure 4.10: LQI vs. RSSI of valid and corrupted packets of a) node 4 and b) node 6.
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Figure 4.11: Cumulative Distribution Function (CDF) of node 4: a) RSSI and b) LQI.

The reason for the absence of corrupted packets at high LQI values is probably
the non-existence of exterior noise sources due to the insulation of the anechoic
chamber. That is, if the LQI of the first 8 symbols used for the LQI calculation
is high, most probably the same will be the case for the remaining symbols.
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RSSI vs. Distance

The behavior of the RSSI versus distance is illustrated in Figure 4.12. The RSSI
does not decrease monotonically but has a lowest value at 200cm for node 6 and
at 300cm for node 2.
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Figure 4.12: RSSI vs. distance of valid and corrupted packets of a) node 2 and b)
node 6. The error bars indicate the standard deviation.

For a specific node, the form of the RSSI level with respect to the distance
is almost the same for all output power levels. This result is similar to that
of the indoor test. The presence of exterior noise sources within the anechoic
chamber is very unlikely due to the insulation. Therefore, external noise can be
excluded as reason for the non-monotonic decrease of the RSSI. One possible
explanation of the non-monotonic decrease is the presence of interference due to
the infrastructure for placing the nodes (tripods) and the cabling of the nodes
(USB hubs and cables). While in the indoor test all nodes showed the same form
of the RSSI level with respect to the distance (Figure 4.7), this is not the case
for the test in the anechoic chamber.

4.4 Anechoic Chamber Test with 1 Nodes

4.4.1 Test Setup

This test was done in the same anechoic chamber as the previous test (Sec-
tion 4.3), but only two nodes were involved. The transmitter was placed at 0cm
and the single receiver node with the ID 6 was place at a new position in each
round: 100cm, 200cm, 300cm and 400cm (Figure 4.13). The power sweep test
was run in each round, sending 100 messages per output power level and round.
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Figure 4.13: Setup of tests in the anechoic chamber with one node.

4.4.2 Results

In the following some selected plots are shown and described. Some more plots
are listed in Appendix C.3.

RSSI vs. Distance

Figure 4.14(a) shows the behavior of RSSI vs. distance with a single receiver.
Compared to the tests with four nodes (Section 4.3), no obvious influences of
interferences on the RSSI are observable. This is reasonable because there is line
of sight between transmitter and receiver. The RSSI level is monotonically de-
creasing independent of the output power. This behavior allows to compare the
measurement results with the two models presented in Section 2.2. In the com-
parison, only the model’s path loss Lp is considered. To compare the models and
the measured RSSI levels, the models are fixed at the position of the first mea-
sured RSSI level, i.e. at 100cm. For illustration reason, only the measurement
with an output power level of 0dB is compared with the models (Figure 4.14(b)).
The free-space model matches better than the two-ray model. This is plausible
because the anechoic chamber reduces the reflections of electromagnetic waves
reducing the influence of a reflection path signal. However, it has to be noted
that the measured RSSI levels represent a short distance with few measurement
points only. Therefore the validity of the model-measurement comparison is
limited.
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Figure 4.14: a) RSSI mean vs. distance of valid and corrupted packets of node 6. The
error bars indicate the standard deviation. b) Comparison of the RSSI measurement
results with the free-space and two-ray model.



Chapter 5

Conclusion

5.1 Summary and Achievements

In this semester thesis, we built a testbed to characterize the wireless channel
between nodes of WSNs. The testbed allows for measuring different properties
of the channel such as RSSI, LQI and PRR. Furthermore, the testbed allows
for fast adaption of different test parameters (output power level, radio channel,
payload length, number of nodes etc.).

Measurements conducted on the testbed have shown that under certain cir-
cumstances Tmote Sky nodes of the same hardware version behave very differ-
ently. For example while one node receives all transmitted packets, another node
at the same position may not receive any packets. Furthermore, the RSSI level
with respect to the distance between transmitter and receiver depends on the
environment. In a real environment the RSSI level does not allow for reliable
distance measurement due to its non-monotonic behavior. Even in an anechoic
chamber where reflections are reduced, the presence of other nodes influences the
RSSI significantly. Moreover, RSSI and LQI measurements of the radio chip are
not always reliable because their values are calculated based only on a fraction
of the whole packet. That is, a high LQI value does not automatically result
in the reception of a valid packet. While in the anechoic chamber a high LQI
corresponds to a valid packet, in a noisy environment external interference may
corrupt the packet after the radio chip’s LQI calculation resulting in an invalid
packet with a high LQI. In this semester thesis only a few factors of influence
were examined. There are many other factors on which a reliable communica-
tion between nodes depends, e.g. orientation of the antenna, radio frequency
and packet length.

5.2 Future Work

In the described tests, the testbed was used with only one transmitter and multi-
ple receivers. However, the testbed is designed such that more than one node can
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