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Abstract—Frequency hopping communication schemes rep- improve communication reliability. We remark that the at-
resent an attractive alternative for interconnecting low power tention towards frequency hopping transmission schemss ha
wireless sensor nodes operating in unlicensed bands. Theeus pagap constantly growing during the last years as witnesged b

of multiple communication channels can in fact mitigate the th i liferati f radio standard d oinat
negative effects of interference induced by collocated waless € F€CeNt proliferation of radio standards and commuiaa

networks and potentially results in improved reliability. With this ~ Protocols adopting this solution: examples are provided by
respect, quite a few adaptive variations, aiming at improving the IEEE 802.15.1 [3], WirelessHART [4] and ISA SP100 [5].
resilience of frequency hopping toward interference have éen  While frequency hopping techniques can guarantee a certain
recently proposed. In this paper we present the experimenta |agjlience against bad channel conditions, it is well knoat

evaluation of three different hopping schemes: we implemena s
traditional hopping algorithm and two adaptive variations on Performance of this kind of systems can be severely degraded

TMote Sky sensor motes and quantify their energy performane  if some of the channels belonging to the used hopset cohstant
under different channel conditions. We also compare the ef- experience bad communication quality. For dealing witls thi
fectiveness of these three hopping techniques against thee problem adaptive algorithms have been proposed: in péaticu
of a communication scheme making use of a single channel.yy, approaches have been investigated in the literature. Th

Our results, obtained considering a two-node topology, indate . . . e .
that our previously proposed utility based adaptive frequecy first one (see for instance the adaptive specifications declu

hopping approach is the most effective in avoiding interfeence in [6], [7] and references therein) aims at identifying bad
and can significantly reduce the overall energy consumption channels that are subsequently removed from the used hopset
despite its higher complexity. The performed experiments 80 whose cardinality is thus reduced: note that this approach
show that even though reliable single-channel communicain g implemented by a variety of adaptive algorithms such as

might be possible, by using frequency hopping sensors can . o . .
limit the performance degradation induced by interferencewhile ISOAFH [8] (that targets the identification of interference

avoiding the energy overhead introduced by the spectrum saing  induced by WLAN devices) and EAFH [9] (that also adapts
algorithms that nodes have to use for identifying clear chanels. the size of transmitted packets to the particular channet co

- ; ... ditions of each frequency band). The latter instead adopts a
Keywords-Frequency Hopping; Adaptive Frequency Hopping; N .
Interference Mitigation; Coexistence in Unlicensed BandsWire- ~ Probabilistic approach that rather than removing charfnets

less Sensor Networks; the hopset, uses all the available frequency bands but with
probabilities that depend on channel quality (see for imsa
|. INTRODUCTION [10] and [11]).
A. Background B. Problem Formulation and Contribution

Frequency hopping communication techniques represent & hese two approaches introduce different overhead, presen
common solution for interconnecting wireless personaharedifferent complexity and provide different advantagesr Fo
network devices operating in unlicensed bands. The bas& idnstance removingad channels from the hopset results in
implemented by these schemes is to allow communicatiogiatively low complexity: on the other hand this choice htig
among two or more wireless terminals by means of symtroduce delays in the adaptation process (due to the nieed o
chronous hopping over a defined set of channels (also rdferigentifying those bad channels with a certain accuracy) and
to as thehopse} that are selected for packet transmissions finrequency bands that are removed from the hopset might have
a pseudo-random fashion. Such a strategy guarantees encetta be periodically re-checked resulting in additional weast
degree of frequency diversity and potentially allows toigasite of energy and time. The probabilistic approach introduced
the interference that might be induced by transmissionsbf cin [10] allows to overcome these limitations: adaptatiom ca
located wireless networks, consequently improving rdligb in fact start immediately after the first packets are trans-

This nice feature is extremely attractive for low-powemitted/received and the available resources can be eggloit
devices such as wireless sensor nodes. As outlined by redana more granular manner. This however results in higher
surveys conducted in the context of industrial automati@omputational complexity and requires frequent excharfge o
(see for instance [1, 2]) the potential unreliability of elgss information among the communicating nodes in order to
communications is in fact perceived as one of the majanaintain synchronous hopping and avoid the multi-channel
barriers to the adoption of wireless sensing technologies hidden terminal problem [12].
commercial applications. By exploiting multiple commuaic ~ We remark that the impact of these different design choices
tion channels through frequency hopping, sensor devices aver the performance of wireless devices has always been
mitigate the negative effects of interference and potéintiaevaluated through simulations, and we are not aware of any
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published research work aiming at quantifying and comyarin N Packets

through experiments on real hardware the effectiveness of o

different hopping algorithms. In this paper we provide such

an experimental comparison. In particular, our contrifnutis K, O < im > O
two-fold: S S,

« first, using TMote Sky sensor nodes we implement the ! !
two adaptive approaches previously described as well s PKT PKT PKT|
as a traditional hopping algorithm and quantify and o N N b
compare their energy performance by means of extensive | ¢ | ? | ¢ | ? i ¢ i
experiments under different channel conditions; ‘ ‘

« we further compare the energy performance of frequency So ACK i >
hopping against the one of a communication scheme fiea s fi fion fite .
making use of a single channel. ' '

The use of (adaptive) frequency hopping has been envisaged Fig. 1. Sketch of the considered scenario.

for improving the performance of wireless systems under
three different settings: (i) in presence of frequencyistat
interference (such as for instance the one induced by IEEEstain time-outtya expires: for our experiments we fixed
802.11 b/g devices), (ii) in presence of frequency dynam,}&ax = 25 [ms].
interference (such as the one induced by collocated nesvorkywe focused on a simple two-node topology for two rea-
making use of frequency hopping) and (iii) in presence of bagns. On one hand, the implementation of frequency hopping
frequency selective channel responses or other propagaligquires that different issues, one of them being synchro-
anomalies). In this work we consider only frequency statigzation, are addressed. This is out of the scope of this
interference. As done in many other papers (see for instangger: furthermore, we note that the same problems wilearis
[13,14]) we limit the focus of our investigation to a simplgndependently on the used hopping technique. Considering
two-node topology: the extension to networks comprisinghly two sensors simplifies the implementation process and
more than two nodes is left for future work. _ allows us to focus on the comparison of the energy per-
The rest of this paper is organized as follows. Section H 0Wprmance of the different communication techniques. As a
lines the setting of our experiments and Section IIl dessribsecond aspect, we remark that networks comprising several
the hopping algorithms we implemented. Experimental tssukensors can potentially be organized in a countless nunfber o
are presented in Section IV, while conclusions are drawn {jferent topologies. The choice of a particular topoloyr (
Section V. instance a star rather than a tree or a mesh) might make the
obtained results dependent on the particular considettdge
by focusing on the single link between two nodes instead
A. Network Scenario it is possible to obtain general results that are not topolog

The setting of our experiments is sketched in Figure #€pendent.
we focus on a simple two-node topology comprising tw
TMote Sky sensor node$; and.S; located 1 meter far away
from each other, and consider the exchange of a certain bulkVMe performed two different experimental campaigns. For
of data, consisting ofV packets, from node5; (acting as the first one, we selected an interference-free environment
transmitter) to nodeS, (the receiver). Each transmitted packetve set the transmission power of the nodes so as to achieve a
has a payload of 100 Bytes. The two sensors run the Contilégligible packet loss rate (we verified that an output power
operating system [15] and are connected to two PCs throughfal0 dBm was sufficient for this purpose) and atificially
USB connection that allows to collect transmission stasst controlled using software-defined values the probabijljtyf
Packet transmissions are implemented using the followingceiving a corrupted packet over chanag(note that in fact
handshake mechanism: on siphodeS; sends a data block; all packets are correctly received however with probabilit
S, verifies the correctness of the received packet by means @& gacket is discharged and considered lost). This approach,
16-bit cyclic redundancy check (we used the CRC16 providéuat has previously been used for instance in [16, 17], bHgic
by the Contiki operating system [15]). An acknowledgemepiermits tosimulatethe performance of the considered hopping
or a not acknowledgement (requesting the retransmissionadorithms on real motes (thus allowing to quantify their
the corrupted block) is then transmitted on slat 1. exact energy consumption) while controlling the packevrerr

The TMote Sky used for our experiments feature an IEEg&obability experienced over the wireless channel.

802.15.4 2420 Chipcon wireless transceiver operating én th Our second campaign was instead performed inside the
2.4 GHz ISM band: the available hopset comprises thoffice spaces of the Radio Communication Systems department
the 16 frequency bands, ..., cos specified by the IEEE of KTH where the 2.4 GHz ISM band is heavily used by

802.15.4 radio standard. We implemented a simple MAGeveral wireless terminals such as laptop, PDA and wireless
layer synchronization routine where nodes hop to the cHankeyboards/mouses: as an example, the variation of average
that has to be used for the upcoming transmission eithgrannel occupancy over the 16 IEEE 802.15.4 channels during
immediately after sending or receiving a packet or after a7-day period is shown in Figure 2. The spectrum is mainly

Il. EXPERIMENTAL SETUP

%. Experimental Approach
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utilized by WLAN devices (i.e., operating within the IEEE « an Adaptive Frequency Hopping algorithm similar to the

802.11g radio standard): on the plotted figure three non- one defined in [6]; this adaptive approach is the one

overlapping WiFi carriers can be easily identified. adopted by several radio standards such as for instance
WirelessHART [4] and IEEE 802.15.1 [3];

« the Utility Based Adaptive Frequency Hopping (UBAFH)

p170 oe algorithm introduced in [10].
I LA 07 We also considered a simple communication scheme where
2460 M W'M ‘WW Mwmm 06 only a single channel is used and no hopping strategy is
o \‘ | L implemented. The aforementioned hopping approaches will b
g 2490 g 05 detailed in the next subsections.
g 2440 ’ “ m'n ‘J ‘J“d [ 04 A. Traditional Frequency Hopping
§2430 M M'imn ,"{\ “‘ H M M“ 03 If a traditional frequency hopping technique is implemente
p420 02 the channels belonging to the hopset are used in a pseudo-
" ;‘ u ‘ ‘\ I H“ “ Hw’ random fashion. For this purposg and.S; share a common
2410 ﬁ\‘ “ ””WW\M mm ”; H WW“‘MW‘W ‘W 0.1 seed: this is used to generate random numbers and chose
‘ i AbAE 0 the frequency band that shall be used for the upcoming
o2z 3 Day 4 5 8 transmission. All the 16 available channels are equallglyik

to be selected in each time-slot.
Fig. 2. Average channel occupancy for the 16 IEEE 802.15méls during . .
a 7-day period, from April 19 to April 25. B. Adaptive Frequency Hopping
We consider the adaptive frequency hopping algorithm
Transmissions of these devices, although not controllabigecified in [6] (note that in [6] the focus was on the IEEE
provide an example of interference pattern that sensors 8®.15.1 radio standard: we here generalize the proposed
likely to experience in real scenarios and thus represent &sheme to IEEE 802.15.4%; and.S, estimate the packet error
excellent source of interference for our motes. Our experiate experienced on each channel using a certain number of
ments have been performed over a time-frame of seven dayahsmissionsVz. In this way S; estimates the probability
on each day we iterated several transmissions for each of giereceiving a corrupted ACK/NACK, whileS, estimates
considered hopping algorithms in order to ensure that all gfe probability of receiving a corrupted data packet. After
them were tested under a wide range of channel conditioftsis channel classificatioprocedure has been completet],
The purpose of this second campaign wasqtalitatively reports to S, his estimates,S; computes average channel
assess the performance of the hopping techniques in a r@shditions (by averaging his estimates with the ones redeiv
scenario. Our conclusions are however mainly based on dgtsm S;) and updates the hopset by removing channels with
obtained during the first round of controlled experiments. packet error rate greater than a certain threshﬂ]ﬂﬁ The
C. Performance Metrics updated hopset is then communicatedicand adaptation can
' start. This procedure can eventually be repeated on a period
We quantified the performance of the considered commigshion in order to deal with changes of channel conditions.
nication schemes by measuring the total enefg§' spent e remark that [6] do not specifies the valueséf and
by the two-node system for the successful delivery of thgtax \hich can therefore be vendor specific: for our experi-
specified bulk of data: this accounts for the energy spentewhinents we assumedy = 16 - 20 (thus channel conditions are
transmitting and receiving packets and control messagesea§imated considering in average 20 transmissions for each
well as for the energy required by the CPU of the two nodegt the available frequency bands) apti®* = 0.5. We stress
For this purpose, we used the online energy estimationmeutihat different choices for these parameters can be used to
[18] provided by the Contiki operating system: this allows timplement different performance tradeoffs. A low value of
measure the time spent by nodes on each of the four following; allows to shorten the time required to perform channel
states: transmit, receive, CPU and LPM (Low Power Modegjassification and thus reduces the adaptation delay: on the
The total consumed energy can then be computed multiplyiggher hand ifN is too small, channels might be classified in
the obtained times by the power consumption of sensors gh inaccurate manner and for instance good frequency bands
each state (for TMote Sky we have: listen 60 [mW], transmihight erroneously be removed from the hopset while bad
(-10dBm) 33 [mW], CPU 5.4 [mW] and LPM 0.1635 [MW] channels might not be properly identified. Similar consider
[19]). We normalized the obtained values to the amount gfions should be made when selecting the packet error rate
energy required to complete a packet exchange (comprisigeshold pM2*: a high threshold might lead nodes to hop
both the transmission of the data packet as well as tB@er interfered frequencies while lower values might irelac
following acknowledgement) in interference-free corahi8.  very selective channel classification procedure whererakve
. HOPPINGALGORITHMS channels are rgmov_ed from th(_a hopset decre_asing _the degree
) ) ) ) of frequency diversity. This might be undesirable if nodes
We now briefly describe the three hopping algorithms thakperience both frequency static interference as well d-mu
have been the object of our evaluation. In particular Weath fading. The value we assumed for our experiments i.e.
implemented: pM& = 0.5 has been suggested in [13] and has been used in
« a traditional Frequency Hopping (FH) scheme; other published works.
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C. Utility Based Adaptive Frequency Hopping consumption is in this case increased by approximatively 4%

The utility based adaptive frequency hopping algorithm pr his is due both to longer listening Qnd transmitting times
posed in [10] adopts a different approash:andS, constantly (Note that nodes add to each transmitted packet a two-byte
maintain estimateg(c;) for the packet error rate experience(ﬁ'eIOI for synchronization purposes) as well as to the higher
on each of the available frequency bands. These estimatesG@mputational complexity of the adaptive procedure which

; ; ; Its in increased CPU energy consumption. The adaptive
computed using a window moving average that evaluates €SY : . onsur .
over channet; accounting for the last;- = 32 transmissions. Teduency hopping algorithm described in Section 111-B ba-

The obtained values are then mapped to a probability m ically presents the same energy performance as traditiona

function defining channel usage probabilities and assigtin (sir(ljce thde _ada%tation pr(;c_edurfe we implemznted is on
channels with better conditions higher values. For coniplex @Mand, and in apsence of interference no adaptation s

reasons we modified the mapping function defined in [10] af¢'formed, see the bottom-left plot in Figure 3). Finally, i
considered instead: the single channel approach is selected, the overall energy

consumption is reduced by approximatively 7%: this is due

. v(p(c)) to lower complexity (no generation of random numbers is
fp(e) — f (Ble)) = W (1) performed) as well as to the fact that nodes do not need to
j=1 VPG switch frequency band after transmitting/receiving paskad
where: acknowledgements
20 (1—pci) 32 if ples) < &
~ ~ ~ Traditional Frequency Hopping, E=1 UBAFH, E=1.04
U(p(CZ)) = ) (1 _p(ci)) - 32 if §% < p(cle) < % 12% e g-cv:’u 14% B CPU

3 if p(Ci) > 35 5#§M

(2) 8% i

Note that the factor 32 that multiplids— p(c;) is introduced

in order to obtain integer quantities and reduce computatio
complexity. To the payload of each pack&t and S; add

two bytes (thus the payload in this case has a total size o
102 octets) containing the outcomes of the last 16 packet
transmissions: this allows to keep synchronous estimates ¢
packet error rate at the two nodes (the reader is referred t
[10] for additional details). The channel to be used at time-
slot k is then selected using the information that nodes have
up to time-slotk — 16. Also in this case, synchronous channel
selection is ensured by using a seed known to both nodes
Note that channels are still chosen in a pseudo-randonoiashi
however, while for a traditional hopping algorithm, all the
channels are equally likely to be used, in this case channels
with better conditions (i.e. lower packet error rate) asgzed
higher usage probabilities (proportionally #¢p(c))) and are
consequently selected more often than frequency bandswher 80%
nodes experience high packet error rate.

80%

AFH - IEEE 802.15TG2, E=1 Single Channel, E=0.93

Fig. 3. Relative energy consumption in the four differenergy states of

IV. RESULTS the two node system for FH, UBAFH, AFH and Single Channel s@hén
’ interference free conditions. Note that percentages of EWBAand of the
A. Interference Controlled Environment Single Channel scheme sum up to 104% and 93% respectivete sie

) o normalized the obtained values to the energy consumptidetof
We start our performance evaluation by quantifying the

complexity added by the adaptive schemes in absence of
interference. Under these conditions, the energy consampt I Iy I3
of the traditional FH algorithm represents our referencseca

in Figure 3 (top-left) we show the relative amount of en-
ergy consumed by the two-node system while in the CPU, ﬂﬂﬂﬂ ﬂﬂﬂﬂ ﬂﬂﬂﬂ ﬂ
transmitting and receiving states. Note that energy spéiiew

receiving represents the major component. This is due to the €11 Ci2 3 C1g " f

fact tha?t recg?nn% (OI’ idle “St?mng) IS mhore erllergy cpﬁnlan Fig. 4. Interference Scenario. Each interfering carfiginduces a certain
transmitting; furthermore, prior to each packet transmrss packet error probability over the overlapping IEEE 80241&hannels.

the data that are to be sent have to be copied from the micro-

controller to the radio transceiver: during this operattbe Let us now start our performance evaluation. Using the
radio of sensors is in the listening state, and as a resylbihodology described in Section Il we emulated the presenc

the tim_e_spent while Iistening_is greater than the one spefitthree WLAN carriers 0, I», I, see Figure 4) overlapping
transmitting (see [20] for additional details). On the wight

side of Figure 3_ we C0n$ider instead th.e utility based ad@pti 1o the cc2420 radio unit, channel switching time is in theéeorof 200
frequency hopping algorithm proposed in [10]: the totalrggie s [19] and it is equivalent to the time required to transmit @80 bits
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Fig. 5. Results for Scenario 1. Average energyFig. 6. Results for Scenario 2. Average energyFig. 7. Results for Scenario 3. Average energy
per packet forp = 0.4 (top) andp = 0.8 per packet forp = 0.4 (top) andp = 0.8 per packet forp = 0.4 (top) andp = 0.8
(bottom). (bottom). (bottom).

with the channels used by sensors and we varied the packké traditional adaptive algorithm proposed in [6], makes u
error rate experienced over those channels. In particutar of an ineffective channel classification procedure thaivesl
considered the following scenarios: the adaptation process to start only after a significant rarmb
of packets has been transmitted. We further remark that the
use of abinary approach, where channels are either used
for hopping or completely removed from the hopset, is very
sensitive to the choice of the used threshold. Over a set of
channels presenting only frequency static interferencg an
r an appropriate packet error rate threshold, this adapti
overlap respectively with channels — 14, 16 — 19 and rategy provides the best p.erformance since node; hop only
91 — 24, over clear freql_Jency b{;\nds. however energy efficiency can
easily be deteriorated if the value @I"® is not properly
For each of these scenarios we run our experiments for teffosen. In our experiments, where we selected on purpose
different settings. In the first one, the packet error praigb an improper threshold, a packet error probability equal.tb 0
induced by the WLAN carriers is set o= 0.4 while for the was sporadically allowing to classify the considered featty
latter we considep = 0.8: these two values are respectivelihands as interfered, preventing the algorithm from adgptin
below and above the threshold packet error probability iyed This behavior can potentially be improved by lowering the
the channel classification procedure defined by IEEE AFH (sgeshold used by the channel classification procedure; how
Section 11I-B). In all cases, we considered symmetric clednnever the same problem might arise also with a lower value of
conditions at the two nodes i.e. nodes experience equakpagh’® if on some of the available channels nodes experience a
error probabilities on the same channel. packet error rate that is just slightly below the new thrégho
Results for Scenarios 1, 2 and 3 are respectively presamted i The probabilistic approach adopted by UBAFH overcomes
Figures 5, 6 and 7, where we show as a function of the amouinése limitations. As shown by the plotted curves, adagptati
of transmitted dataV the average energy per packetfor the can start as soon as a few packets are transmitted: thigsresul
three hopping schemes. 95% confidence intervals are also pio lower energy consumption. Moreover, the implemented
ted in all curves. While the energy performance of tradaionalgorithm allows a more granular exploitation of the avalia
frequency hopping do not significantly depend on the amoumisources if compared to the binary strategy implemented
of transmitted data, the other algorithms can benefit froby IEEE AFH. This is clearly shown by the energy per-
adaptation and in fact transmitting a larger amount of peckdormance in presence of low interfering activities (toptplo
allows to improve energy efficiency. It should be remarkedf Figures 5, 6 and 7): channels experiencing low (but
how the different adaptive approaches implemented by tbe tstill significant) packet error rates are used less fredyent
schemes we considered lead to different energy performarit&n not-interfered channels and this allows to reduceggner

1) Scenario 1: only one WLAN carrielf{) is active. This
overlaps with the IEEE 802.15.4 channéls— 14;

2) Scenario 2: two WLAN carriers (thus both and I5)
are active.l; overlaps with channel$l — 14, while I
overlaps with channels6 — 19.

3) Scenario 3: all three WLAN carriers are active. Thesfsét)
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Fig. 8. Average Energy per packet as a function of the expesid packet 2.2
error probability for frequency hopping and single chanseheme. Results
are obtained consideriny = 100 packets. ol

Traditional FH
AFH - IEEE 802.15TG2
UBAFH i

1.8f
consumption of up to 30% if compared to IEEE AFH.

In order to compare the energy performance of frequency . 16!
hopping against the one of a communication scheme making

use of a single channel we performed a very simple exper- 1400 11

iment: we activated the WLAN carrier overlapping with the |-

first four 802.15.4 channelg,( with reference to Figure 4) and 12} : : : .  oEm. i0
varied the packet error probability experienced by sensors 5 y
the rang€g0, 0.6]. The average energy per packet for frequency . ; ‘ ; ‘ ‘ [
hopping and single channel approach are shown in Figure 8. Dayl Day2 Day3 Day4 Day5 Day6 Day7?

Note that if nodes operate over an interfered frequencykegiac

error probabilities as low as 10% are already sufficient {8y 9. Energy performance for traditional FH, IEEE AFH anBAFH in a
justify the use of frequency hopping proving that the ovarhe real environment. Results have been obtained considefifg(tbp) and 500

i i i ; (bottom) packet transmissions. 95% confidence intervasmo shown. Note
introduced by channel hopping is relatively small. that day 6 and 7 correspond fo Saturday and Sunday

B. Real Environment

Results obtained in a real and uncontrolled wireless saenar
validate the considerations made in the previous subesectichannel. Results for this scenario are presented in Figdre 1
Average energy per packet for FH, IEEE AFH and UBAFH arehere we show the average energy per packet for the different
shown in Figure 9: the two plots are obtained considering t§@mmunication schemes. For the single channel case, energy
transmission of bulks of data consisting of 100 (top) and 50@lues are presented for all the 16 available frequencyand
(bottom) packets. For each algorithm we performed 200 exp&er each of them, we performed 25 experiments per day
iments per day, 100 between 10 to 12 AM and 100 betweéetween 2 to 4 PM) and repeated these experiments on 7
2 to 4 PM: during these hours the 2.4 GHz ISM band wadlifferent days. Note that on channels that overlap with the
mainly used by WiFi devices. For a relatively small amourdViFi carriers used for internet access in the environmentof
of data, the three algorithms basically perform in the sang¥aluation (see Figure 2), channel conditions can be extsem
way and lead to similar energy consumptions. However, whif@d and energy consumption can be increased of up to 6
more and more packets are transmitted, adaptation playstigies. The use of frequency hopping allows to mitigate these
important role as shown in the bottom plot of Figure 9. IEEBroblems byaveragingchannel conditions and reducing the
AFH basically fails in identifying bad channels (in fact,lpn high energy consumption that nodes experience in the worst
in a few cases we observed during the channel classificat@®se single-channel scenario.
phase a packet error rate greater than the fixed threshold)Ve stress the importance of this last observation: recently
these are consequently kept in the hopset and used as oftepuddished works (see for instance [21]) have questioned the
the good ones. The approach implemented by UBAFH insteatility of frequency hopping schemes in real environments
allows to progressively decrease the probability of selgct pointing out that in typical settings, when multiple chalsne
frequency bands where sensors experience bad conditidns are available, it is likely that there is a non-empty set of
this results in lower energy consumption. clear and not interfered frequency bands. We remark however

We finally compare always in the office spaces of the radibat while identifying those channels by means of dedicated
communication systems department of KTH the performanspectrum sensing algorithms might be quite straightfodwar
of the considered frequency hopping techniques against {B2], the energy overhead introduced by this procedure tigh
one of a communication scheme making use of a sindbe significant and could be equivalent to the energy required
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be interesting to evaluate the effectiveness of the coreide

Single Channel hopping techniques on networks comprising more than two
5.5 Traditional FH il nodes
sl : AFH - IEEE 802.15TG2| .
UBAFH
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