Technologies of Computer Control

2012713

Technological and Architectural Advances for Fast
Data Acquisition in Wireless Networks

Dmitrijs Bliznuks', Valerijs Zagurski§ *“Riga Technical University

Abstract. The present paper presents the ongoing research
under FP7 ICT-AGRI “STRATOS” project. The previous
research has identified the direction for further research and
highlighted several problems that should be solvedlhe current
research focuses on radio signal interference dease and
TDMA timing synchronization. Also the system architeture is
specified in detail in the article, and specific déces are
considered for prototype construction.

Tests have shown that the proposed solutions decreaSDMA
frame jitter six times and allow interference-free coexistence of
sensor network and Wi-Fi devices.

Keywords — wireless data acquisition, embedded systems, &m
critical systems.

|. INTRODUCTION

The aim of FP7 “STRATOS” [1] project is to incorjpbe
wireless networks in ISOBUS [2] standard. The arghad the
article are currently dealing with the connectidnwareless
sensor nodes to the task controller (TC) in thetdra The task
is to use physical sensor measurements, processarsfer
them wirelessly to the access point. The last istép provide
measurements to TC by wired ISOBUS link (see Fig. 1
There are several features that make this resehaltenging.
The number of nodes (140) and data measurementefiney
(300Hz) are higher than in any of the existing Weiss data
acquisition (DAQ) systems [3]. Besides high datguagition
frequency, nodes should maintain low power consiogngnd
use only licence-free radio bandwidth.

All of the above-mentioned tasks were solved in th

previous research. However, the tests showed that t

proposed solutions were not perfect and severablgmus
needed to be solved.
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Fig. 1. “STRATOS" project scheme with the reseeaaioda marked in red
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To achieve the required measurement frequency (60
and the number of nodes (140), the authors haved aBie
available bandwidth in ISM band (2.400-2.485 GHxiter
testing this setup in the real environment, interee
problems have been found. During the experiments,
approximately 2% of packets have been lost. To ktibe
source of errors, the external sniffer has beerd.uehas
allowed capturing all transmitted packets, evechécksum is
incorrect. As seen in Fig. 2, occasionally some kptc
become corrupted. Such a behavior is observed ibnlydes
are not isolated from the environment. Also, Wi{HtEE
802.11b) devices decrease their data rate, if thardte to
sensor nodes is less than one meter. It leadsctmelusion
that sensor nodes interfere with Wi-Fi devices.c8irall
available bandwidth is occupied, there is no chaoseparate
networks by bandwidth. Therefore, the first taskdssolve
interference issues.
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Fig. 2. The effect of Wi-Fi interference on thetéessensor network

Along with interference issues, nodes are not pdyfe
synchronized. Therefore, guard time is high. luhssin the
inefficient transmission and increased energy comgion.
The next section provides solutions to these issues

Up to now, there has not been a detailed definitbdén
architecture for the wireless sensor network. Thestiag
model defines the intersystem relation and junctpmints.
The first stage of the project has been devotdbeasearching
and testing of different approaches. Now, when all
requirements are satisfied, it is possible to dpexidetailed
architecture for a wireless sensor network. Alonighwhe
architecture design, all hardware modules shouldgezified
to allow constructing a full system prototype. Trext section
contains a detailed architecture scheme and seaftifn of
each device.
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The first and most important issue is interfererideere are
several ways to deal with it, e.g., separating smdssions
spatially by time or by frequency. Our project getloes not
allow separating devices in space, since all afnthee located
in the same tractor. Moreover, it is not effici¢atuse time
division, since the project aims for high data asijon rate.
Therefore, frequency division is the only way. Heee the
existing approach does not allow applying this téghe,
since sensor devices use all available bandwidthfrée up
some bandwidth, we need to increase spectral éfiigi of the
overall transmission system.

RESEARCHRESULTS
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Fig. 3. OQFSK signal power spectrum [4]

Current radio modulation technique uses 2 MHz chénn
with 3 MHz spacing. Since one channel data ra@5® kbps,
efficiency is 0.05 bps/Hz. It is necessary to fandransceiver
that is at least 26% more efficient,
consumption at the same level or even lower.

The existing transceiver (TelosB working under IEEE

802.15.4) uses offset quadrature phase-shift kef@@P SK)
modulation technique, which is not so efficient. [By looking
at the spectrum of the OQPSK modulated signal E$ge3),
we can see that out-of-band spectrum is signifigalarger
than the carrier signal itself. It could be expé&dnwith rapid
change of the OQPSK modulated waveform [5].

To overcome the out-of-band problem, it is possibleise
radio signal smoothing technique. Gaussian Fregu8ihdft
Keying (GFSK) modulation technique uses the Gansfiter
to smooth rapid frequency changes. By using thuBrtgue, it
is possible to significantly lower the out-of-basgectrum
(see Fig. 4) and therefore increase transmissiostesy
efficiency.

Among the existing solutions, only nRFGo moduletssa
all project requirements (data rate, channel badihwienergy
consumption and analog 10 amount). Moreover,
modules are able to transmit data at 2 MHz ratéevideeping
energy consumption in the acceptable range. Alstal t
channel bandwidth of 2 MHz gives 1 bps/Hz efficignehich

but keeps powe

is 20 times better than that in the previously u3edosB
nodes.
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Fig. 4. GFSK signal power spectrum [4]

With the increased transmission rate, it is possitd
shorten TDMA slot, thereby allowing more nodesitarf the
same time frame. Since GFSK modulation lowers tieod
band spectrum, the total channel bandwidth is 2 Mhiit
allows stacking more parallel channels in the sharedwidth.
Since the total bandwidth has decreased from 5NtH2, 16
channels occupy only 32 MHz. Even without decregsin
TDMA slot size, there is bandwidth left for onearference-
free Wi-Fi channel. Since TDMA slot time will alsbe
shortened, only seven channels will be used (sge i
Therefore, two Wi-Fi channels can operate without

interference.
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The first task has been solved; transmission tegkenhas

J L To Task Controller

N

NRF24LE1 node is configured as TDMA master. Othaves

been evaluated and sensor devices have been sepecifnodes send the measured data in the predefined TEIbtA.

Therefore, it is possible to define the overall teys
architecture and specify all devices.

Fig. 6 illustrates the scheme of the whole syststaxting
with physical sensors and finishing with the TCklifProject
partners have tested Multiplexer and Serial-to-Etbe
devices and reported their ability to sustain lodd Mbps.
The detailed analysis of overall system tests bellprovided
in the next paper. The gateway between sensor retk§ C
is connected to seven nRFGo nodes acting as TDMgtaera
Each node gathers data from its own radio charfBigice
nodes are separated by frequency, no interferessces arise.
Atmel ATxmegal28A1l serves as a multiplexer thatsuSPI
to receive data from each TDMA master node.

Since transmission technique and specific wirelesdes
are chosen, it is possible to test wireless datguisition
network. For the test setup, one radio channelseduOne

34

Slaves are synchronized to the master’s beacomlsigfong
with  synchronization feature, beacon packet costain
configuration information for slave nodes.

To reach maximal measurement transmission frequandy
the lowest usage of radio channels, it is necestaryse
minimal slot and guard times. Previously, TDMA sture
was as follows: TDMA master and slave slot lengtB09 us,
guard time — 70 us. Therefore, in each TDMA frameas
possible to obtain measurement data from nine essel
sensors. Since nRFGo node raw data rate is bidger in
telosb, at first we should calculate the minimatdtetical
limit for total transmission time. For calculatiahjs possible
to use formulas (1) and (2), provided in nRFGo devhanual

[6].
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where Ty, is the time needed to upload measurement dat;

. . ; ] Fig. 8. Packets receiving timing diagram of TDMA gstex (top line) and
to radio module by SPI serial link, and N is thglpad size. slaves (bottom line).

Minimal guard time will be found after testing netmk with
e b sle— gz < Tyl L all slaves. In Fig. .8, the logic .analyzer programpssho_t is
' shown. The top line of the signal shows the trassion
moment of master beacon signal. The second sigralis
[ time moments when data is received from slave noBgs
L] analyzing gaps between slaves, it is possibleni tihe guard
: interval, which should be equal or larger than deukiter

— = S time. Histogram shows the comparison of slot tirtabitity
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By using the provided formulas and radio mode chang
delays presented in Fig. 7, it is possible to dateuTDMA
slot time for master and slave nodes.

Slot time for the master node is composed of thieviing
constituents: § + PLL lockygx + Toa. By using payload
equal to 10 bytes (5 sensors of 2 bytes each), nwater slot
time is 255us. The same time is for slave nodeduding the
first node that follows the master slot. When thestar sends Fig. 9. Histograms of TDMA slave slot jitter. nRF®odes are marked in

) . .. green, telosb —in red.
the beacon packet, all nodes should receive andepsoit
before starting their measurement transmissionrefbie, we As seen in Fig. 9, by using Nordic nodes, jittecréases ca.

should prolong master slot time for: PLL lagk + Tu. *  §ix times. Such a dramatic decrease can be exdlaiye
Tpataprocessingt PLL 10Ckairy. Since the master can stay in the

. de bet b t e s @b several factors: precise timer, operation at thrgefohardware
receive dm? ? te V\tlﬁen eacor:j ransrtnlssmr)g_;,d;( IB' q level. In telosb nodes, one timer division equals |3s,
by the fact that the siave node should wait for Ridk tme. S/ NRFGO - 075 us. Also Nordic nodes are
. ’ rogrammed using low hardware layer instructionsiilev
Therefore, we should calculate the time master sieted brog g Y 3

. . telosb is controlled by the micro-operating systemhich
receive and process data from the slave node. & .ty, controls and schedules all tasks. Even jitteris &s compared
the time should be da + Tirg + TuL + Tpataprocessing T he first

i to telosb device; histogram shows that it can beressed
two components are known in advance — 114.5 pdathene g

hould be found during tests. Aft | tried test even more. The histogram shows two spikes as dt reku
should be found during tests. Alter several i &rror ests, nonsynchronous behavior of slave node slots. Fuesearch
minimal slot time has been set to 120 us (see&yig.

will also focus on this problem. As a result of #enducted
tests, a new TDMA scheme has been built (see Y. By
reducing the slot time of slaves, node energy ampsion is
also reduced, since nodes can stay longer in dmellsy mode.
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Fig. 10. TDMA timing scheme

IV. CONCLUSIONS

Current research results cover the areas of raigjoals
modulation, interference issues,
architecture building, TDMA scheduling. Tests hasleown
that the proposed changes solve all existing iaterfce
issues. By switching to nRF24LE1 sensor nodes, \Wihd
usage is reduced, along with a slight reductioneiergy
consumption.

bandwidth  planning

remaining free bandwidth channels. The detailedyaizaof
wireless node transmission technique has reveakedimits
of hardware and shown the way to further improvetsen
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Dmitrijs B liznuks, Valerijs Zagurskis. Tehnolgiju un arhitekt @ras uzlabojumi atrai datu iegaSanai bezvadu iklos

Sis raksts saturgijumu rezulitus Kirtgja «<STRATOS» Eiropas projekta poaniepriekjos Etijumos tika piedvata atrgaitas bezvadu datiakSanasikla
realizicijas metode. &la tipa tkla izveide joprajm ir aktiila, jo esoSie ris&jumi neatbilst pragam pret ngrijumu frekvenci un sensoru skaitu. Rieatais
risinajums atbilst vism noteiktaim prasbam, bet eksist dazi tikumi, kuri var kagt sisemasistenoSanu. @juma laika tika konstaitas dazas prodrinas,
gadjuma, kad blakus darbojas divi vai vali radio tkli. Ta ka nakamaj projekta posm ir planots izmantot WiFi (IEEE 802.11bktu, bija nepiecieSams
sasniegt stabilu abiktu funkcioreSanu. Izeloties iekirtas un to darba rehus, eksisfa papildus rarkis — sensoru mezglu erggas taufSana.

Pirmaj posna tika risimatas iklu radio traugjumu probémas. Izanaligot radiofrekvertu spektru una moduESanas veidu (OQPSK), tika ierosis izmantot
sensora mezglus (NRF24LE1), kuriem ir $karradiofrekveriu josla, toties lidks datu pgrraidesatrums. So jauno sigihu modetSanas veidu (GFSK)
pielietoSandava nodroSiat atsevi&u radiofrekvetiu joslu WiFi tkla. Sigrila kodSanas maia af deva iespju atbfivoties no traugumiem starp sensoru un
WiFi tikliem. Izmantot jauno sensoru mezglu, san@amat TDMA (Time Division Multiple Access) laikspraugakas savulrt vél vairak palielingja
radiofrekveriu joslu efektivigti un par 3% samazifa kopgjo enegijas pagrinu.

Pedeja posna tika sasidita kogEja sisemas skhma ar visu iefrtu modéu defireSanu. Turprakie petijumi bis veltti mezglu sinhronigSanai, TDMA vedja
mezgla laikspraugas samazanai, & af pilna iznera sistmas f@arbaudei.

Jmutpuii Biusniok, Banepuii 3arypekuii. Texnosiorudeckue u apXuTeKTypHbIe YIyqIleHHs /151 6eCIPOBOJHOI1 ceTH GbICTPOro c6opa JaHHbIX

JlaHHas CTaThs COOEPXKUT PE3yNbTAThl HUCCICJOBAHHI OUEpPEeAHOro sTama eBpomeilickoro mpoekra «STRATOS».B xome mpeaplmymux HCCIEIOBAaHMH ObLI
HPEIIOKEH CIOCO0 BBICOKOCKOPOCTHOM CHCTEMBI OeCIpoBOJHOro cOopa JaHHBIX. 3ajada IO-TIPEKHEMY SBISCTCS aKTyallbHOH, TaK Kak CYIIECTBYIOIIHME
pelIeHus. He yJOBIICTBOPSIOT TPEOOBAHHMSAM IO 4AacTOTE M3MEPCHHH M KOIMYECTBY CEHCOPOB. IIpemnoxeHHOE pelleHHe yIOBIETBOPSET BCEM TPEOOBAHMUSM,
YKa3aHHBIM B IOCTaHOBKE 3aJadd, HO 00IamaeT pPSIOM HEJOCTaTKOB, KOTOPBHIC MOTYT IIOMEIIATh INPU pealu3allid IONHOIEHHOH cHCTeMsl. B xome
UCCIICZIOBaHMH, ObUIM OOHApyXXEHBI MPOOJIEMBI COBMECTHOM PabOTBI HECKOJBKHX COCEICTBYIOIIMX paxuoceTedd. Tak Kak B CIEIyIOIIEM 3Tarle peaan3aliuu
IpoekTa, miaHupyercst ucnons3oate cets WiFi (IEEE 802.11b),ro 6bu10 HEeoOxoammo H0OMTHCS CTAaOMIBHOH PabOTHI ITOH CETH COBMECTHO C CETBIO
OecrpoBogHEIX ceHcopoB. Ilocie 3aBeplieHus 3Tama IOHMCKA MOAXOMSIINX YCTPOHCTB JUIS CEHCOPHOU CETH, ObLIO HEOOXOAMMO COCTAaBHTb APXHUTEKTYPHYIO
cXeMy Bceil cucTeMbl cOOpa JIaHHBIX, @ TAKKe ONpPE/CIUTh KOHKPETHbIC MOJICNH BCEX OCTaBLIMXCs y31oB. IIpu BeIOOpE ammapaTtypbl U peKMMOB paboThI, CTOsIA
JIOIOIHUTEbHAS e/Th MAKCHMAIbHOH SKOHOMUH SHEPTHH CEHCOPHEIX Y3JIOB.

IlepBbiM 3Tamom paboThl OBLIO pemmTh MpobieMy paauornoMex. [IpoaHanu3upoBaB CIEKTp paguocHrHama ¥ Merox ero moayiuposarus (OQPSK), 6suto
HPEUIOKEHO HCIOIb30BaTh CEHCOPHBIH y3IIbl ¢ MEHBLION LIMPUHOM Paauo MONOCH], HO ¢ Goibliel ckopocthio mepenaun danHbix (GFSK). B pesymbrate
HCHOB30BaHMS TAaKOTO MOJCIMPOBAHUS CHIHAJNA, MOJIYYMIOCHh BBIACIMTH OTACHbHYH mnoiocy mis pagunocetn WIiFi. CoBmecTHO ¢ M3MeHeHHeM MeTona
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KOIMPOBAHKsS, 3TO ITIO3BOJMIO HM30aBUTBCA OT IIOMEX MEXIy STHMH CETAMH. TaK K€ HCIOJb30BAHME HOBBIX CEHCOPHBIX Y3I0B IMO3BOJHMIO COKPATHTH
JumTenbHOCTh nHTepBanioB B TDMA (Time Division Multiple Accesskanpe, 4to B CBOIO ouepe/ib AOHOIHUTEIBHO YBEIHYHIO 3Q(PEKTUBHOCTD MCIIONb30BAHHS
pamo mosock! ¥ Ha 3% yMEHBLIMIO CyMMapHOE MOTPEOIICHNE SHEPIUH.
Ha nocnennem stane ObLia MpEACTaBIeHa CXeMa BCEil CHCTEMBI C YKa3aHHEM KOHKPETHBIX MOJEJel BCEX Y3JIOB CHCTeMbl cOopa NaHHBIX. B panbHeifmmx
MCCNEI0BAHUAX [UIAHUPYETCS YACIHTh BHUMAHUE CHHXPOHM3ALMH Y3JI0B, YMCHBILICHHWIO JUIMTEIBHOCTH HHTepBaia Bexymero TDMA ysma, a Tak ke
HOJTHOPa3MEPHOMY TECTUPOBAHHIO BCEil CHCTEMBL.
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